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APPENDIX 1. CODES, STANDARDS AND MANUALS OF ACCEPTED PRACTICE 

PURPOSE: To d e f i n e  w i t h i n  t he  con tex t  o f  the  r e s i d e n t i a l  cons t ruc -  

t i o n  i n d u s t r y  codes, standards and manuals. o f  accepted 
I 

p r a c t i c e ,  and t o  descr ibe  t he  persons i nvo l ved  i'n develop- 

ment, implementat i on '  and use o f  these documents. 

CONCLUSIONS: Codes and standards a r e  c u r r e n t l y  i n  wide use i n  t he  r e s i -  

d e n t i a l  marketplace, and w i l l ,  because o f  t he  c e n t r a l  r o l e  

.they p l a y  i n  r e s i d e n t i a l  p roduc t  development, determine 

what cho ices  a r e  open f o r  r e s i d e n t i a l  pho tovo l t a i c '  module 

des.igns.' Codes a r e  more s t r i n g e n t  i n  i n d u s t r i a l  a p p l i c a -  

t i o n s  than r e s i d e n t i a l .  

Manuals o f  accepted p r a c t i c e  a r e  i n  ex i s tence  i n  t h e  r e s i -  

, dent  i a l  i ndus t r y ,  espec ia l  l y  f o r  p roduc t  o r  i .ndust ry  

. . r e l a t e d  'procedures t h a t . a r e  somewhat specia1,ized. They 
. . , .  . . . -., . . 

. - d e f  ing. desi.gn, i n s t a l  l a t  ion, and ,opera t iona l  proc&durks . ' .  ,+.. : ,, 

s imply ,  thus a1.-lowing widespread a p p l i c a t i o n  o f ' a  techno l -  

ogy o r  dev ice  w i t h o u t  ex tens i ve  t e c h n i c a l  - . t r a i n i ng  o f  

i n s t a l l a t i o n  and s e r v i c e  personnel .  

RECOMMENDATIONS: Using t h i s  document as. a g u i d e ,  t o  i d e n t i f y  the  c r i t i c a l  

areas c o n t r o l l i n g  des ign development, i t  should be noted 

t h a t  compl iance t o  t h e  concerns ou t1  ined i n  t h i s  document 

w i  11 no t '  assure t h a t -  p roduc t  approvals  wi 1 1 be for thcoming.  

Manufacturers ,  be fo re  proceeding w i t h  any new p ro to t ype  

designs, should consu l t  a1 1 major codes and -s tandards ,  and 

t h e  t e s t i n g  labs t h a t  v e r i f y  compliance. 

I CODES, STANDARDS, AND MANUALS OF ACCEPTED PRACTICE 

Bu i 1 d i n g  Codes. and a 1 1 o f  t he  va r i ous  documents. re fe renced  by these codes make 

up the general  body o f  l e g a l  concerns t h a t  the  manufacturer  must:address i f  

h i s  p roduc t  i s  t o  have wide'spread a p p l i c a t i o n  i n  t he  r e s i d e n t i a l  .marketplace. 

Bui l 'd ing Codes a r e  bodies o f  r e g u l a t i o n s  whose purpose, . i t  i s  t o  p r o t e c t  t he  

concerns o f  p u b l i c  h e a l t h ,  s a f e t y  and we l f a re .  These codes are' c o n t r o l l e d .  



through government l e g i s l a t i v e  bodies and t h e i r  appoSntees and are intended t o  

apply t o  a1 1 bui l d i n g  s i t u a t i o n s .  Code changes, s lnce they occur through the 

l e g i s l a t i v e  process, a re  f requent ly  lengthy and complex. A code I s ,  there fore ,  

t h e  most permanent of the regu la tory  documents conf ront ing  the PV module qanu- 

f a c t u r e r  and c a r r i e s  s p e c i f i c  l ega l  imp l ica t ions .  I d e a l l y ,  the code should 

provide a  ser ies  o f  c r i t e r i a  which can be met w i t h  a  v a r i e t y  o f  so lu t i ons .  

Codes w r i t t e n  i n  t h i s  manner are general l y  re fe r red  t o  as performance language 

codes, ra ther  than p r e s c r i p t i v e  1 anguage codes. ~ r ' e s c r i  b t i v e  , . .  ianguage def ines 

ra the r  e x p l i c i t l y  one method which i s  deemed to .be,acceptab le .  The primary 
. .. . 

d i f f e r e n c e  i s  f l e x i b i  1 i t y .  performance :language'a'l - .  . lows f o r  a  v a r i e t y  o f  so lu-  

t i ons  a1 l ' o f  which meet p a r t i c u l a r  c r i t e r i a  designed t o  p ro tec t  pub1 i c  hea l th ,  
' , 

sa fe ty  and wel fare.  

....... . .  
Standards, on the  o ther  hand, ou t ' l ine  the  way code c r i  . t e r i , a  - can, be met. Stan- 

dards are methods whose concern r e s u l t s  i n  meeting 'a p red ic tab le  q u a l i t y  l eve l .  

A standard i s  a  model which defines a  measuring s t i c k  by which code c r i t e r i a  

can be evaluated. Standards, o r  more completely termed :consensus standards, are 

promulgated by the  pro fess iona l  community as a  wh01e.~ The professional  commu- 

n i t y  can be made up o f  many d iverse i n t e r e s t s  w i t h i n  the r e s i d e n t i a l  o r  even 
' % 

broader marketplace who wish t o  work together  i n  regards t o  the a p p l i c a t i o n  o f  

any p a r t i c u l a r  technology i n  the r e s i d e n t i a l  b u i l d i n g  indust ry . ,  (See Figure 1 - 1 )  
. . ,,. 

Standards respond, there fore ,  t o  the s ta te -o f - the -a r t ,  and change as technol- 

ogies develop and are tes ted  through app l i ca t i on .  They are subject  t o  change 

more q u i c k . 1 ~  than codes, and can e x i s t  i n  a'n evo lv ing  s t a t e  as they are not  
5 

being d i r e c t l y  c o n t r o l l e d  by the l e g i s l a t i v e  process.' 
. , 

Supporting both codes and standards are Manuals o f  Accepted Prac t i ce ,  which 
(. 

, . t '  

descr ibe proven procedures o r  techniques which are &st  often'  used w i t h i n  the 

b u i l d i n g  indust ry .  They provide a  formula through which the c h a r a c t e r i s t i c s  re- 

qu i red  i n  a  standard can be achieved. A manual i n  t h i s  p a r t i c u l a r  case i s  

p r e s c r i p t i v e  by nature. Produced by the b u i l d i n g  indust ry ,  a  manual describes 

procedures normal t o  t h a t  i ndus t ry  and may ca r ry  the  market ing o r  design p r e j -  

udices o f  t h a t  pa . r t i cu lar  group. Manuals o f  accepted p r a c t i c e  change q u i c k l y  

as they evolve w i t h  technology, developing procedures through which a  technol-  

ogy can be appl ied.  They are  widespread throughout the bui l d i n g  i ndus t ry ,  
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and can be regional  i n  nature;/ addressing loca l  l y  appl icabl'e methods and 

matei- ials.  There are, t o  date,' no manuals o f  accepted practi 'ce whtch apply t o  

the  r e s i d e n t i a l  PV industry.  

A b u i l d i n g  code o f f i c i a l ,  whose r e s p o n s i b i l i t y  i t  i s  t o  issue permi ts  and ap- 

prova ls  of proposed b u i l d i n g  so lu t ions ,  shou.ld make reference' t o  a l l  th ree 

types o f  documents w i t h  d iscr iminat ion .  

Since i n  ' p rac t i ce  there i s  a considerable over lap between these documents, 

wi t h  standards f requen t l y  becoming embpdied i n  the  language o f  a. code ra the r  

than re fe r red  t o  by deqignation (as shown' by FigLre . . 1-21 an underst?n.ding ..of 

t h e i r  proper r e l a t i o n s h i p  i s  important t o  anyone in tend ing . . t o  man6facture a: 
. . 

product,  f o r  u s e ' i n  r e s i d e n t i a l  construct ion.  

I n  def i n i ng those code prov is ions  whi ch a re  appl i c=ble t o  res i dent ' ia l  photo- 

v o l t a i c  modules, t he  o b j e c t i v e  i s  no t  o n l y  t o  i d e n t i f y  those e x i s t i n g  co'de .' . - '  

p rov i s ions  which p o t e n t i a l . 1 ~  h.inder the appl i c a t i o n  o f  photovol ta i ,c  modules, 

bu t  a l s o  t o  i d e n t i f y  those in-p lace prov is ions  which w i l l  p lay  a r o l e  i n  de- 

f i n i n g  t h a t  module.. For example, .code areas such as s t r u c t u r a l ,  wind and snow 

loading, vol tage requirements, etc. ,  may ac t  as elements which shape a solu-  

t i o n  ra the r  than l i m i t  i t .  I t  i s  important t o  recognize, ,however, t h a t  the  

devel'op&nt o f  PV code prov is ions  w i  11  be . fo l lowing a unique .path among the 

development o f  bu'i 1 d ing codes. Most. codes. which have been developed over t ime, 

have been i n  response t 0 . a  p a r t i c u l a r  s i t u a t i o n .  The Chicago f i r e  gave r i s e  

t o  f i r e  codes. S t r u c t u r a l  . f a i  1.ures.gave r i s e  t o  code prov is ions  s t i p u l a t i n g  
. . 

load requi  rements. I n  each. case ;. the code p rov i s ion  was developed i n  respbnse 

t o  a p a r t i c u l a r  circumstan.ce. Wi.th.regard t o  s o l a r  energy, t he  p u b l i c  demand 

and concern f o r  i t s  speedy and proper appl i c a t  ion  has become so great ,  t h a t  i n  

an a t t e m p t ' t o  be responsive,. the government and code groups have sought t o  

prov ide  regu la t ions  which w i  11 .p. rotect  the  pub1 i c  hea l th ,  sa fe ty  and we1 f a r e  

before  the  technology matures. I f  these prov is ions  are not  very c a r e f u l l y  

w r i t t e n ,  they can have the e f f e c t . o f  l i m i t i n g  a developing technology. The 

fo l l ow ing  i s  a l i s t  o f  the  code documents. developed by c i t y  and model code 

groups which were reviewed.for.applicabi1ity t o  the subj.ect o f  r e s i d e n t i a l  

pho tovo l ta i c  modules: 

. BOCA Basi c Bui 1 . d ing . Code (:BOCA) 
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. BOCA Basic Plumbing Code (BOCA) 

. BOCA Basic Mechanical Code (BOCA) 

. BOCA Bas i c F i  r e  Prevent i on Code (.BOCA) 

. - L i f e  Safety Code (NFPA) 

. P i t t sbu rgh  Bui l d i n g  Code (C i t y )  

. Los Angeles Solar  Energy Code (LOS Angeles county) 

. Los Ange les Bui 1 d ing  Code (Los Angeles ~ o u n  t y )  

. Nat ional  B u i l d i n g c o d e  (American lnsuranceAssoc ia t ion)  

. Nat ional  E l e c t r i c a l  Code (NFPA) 

. StandardBu i ld ing  Code (SBCC) 

. Standard Plumbing Code (SBCC) 

. Standard Mechanical Code (SBCC) 

. Un i fo rmBu i ld ingCode  (ICBO) 

. U n i f o r m P l u m b i n g C o d e ( l ~ B 0 )  

. Uniform Mechanical Code (I CBO) 

. Uniform F i  r e  Code (.ICBO) 

, Un i fo rmSo la rEnerqyCode  (IAPMO) 

Each of these codes was reviewed from the  standpoint  o f  s p e c i f i c  concerns t h a t  

t he  module manufacturer w i l l  need t o  address t o  have an end product which w i l l  

comply. A 1 i s t  o f  the  concerns reviewed. f o r  each code except the  Nat ional  

E l e c t r i c  Code (NEC) f o l  lows: 

Codes and Roof Coverings 

Codes and Roof S.tructures . , 

Codes and Roof Loading Charac te r i s t i cs  

Codes and Veneers 

Codes and I nsurances 

The NEC was approached 'and reviewed somewhat d i f f e r e n t l y  . Because. the  document 

has been d.ivi ded i n t o  d i sc re te  categories whrch r n  themselves deal. w i t h  d i f f e r -  

e n t  aspects of t he  PV module the  code'was reviewed i n  it: e n t i r e t y ' w i t h  

comments o f f e r e d  on each sectSon t h a t  could have a bear ing on the  r e s i d e n t i a l  

PV modu,le design. 
. . 

See Appendix 3 f o r  the  Model and C i t y  Code:~ev lew a n d . ~ ~ ~ e n d i x  4 for the NEC 

Review. . . 



'The th ree model bui l d i  ng codes. -- . the t3asi.c Bui l d i  ng Code, BOCA: The Southern 

Standard Bu i l d ing  Code,SBCC;and the  Uniform B u l l d l n g  Code,lCBO -- through 

the i  r rcqui  rements for the materi'al's and 'systems o f  construct ion,  serve as an 

exce l l en t  test ,  f o r  pre l iminary.assumpt ions t h a t  might  be made regarding the  

design of the Res ident ia l  Photovol t a i  d ~ o d u l e .  A model code i s  a w r i t t e n  docu- 

ment devised and used by a broad. group o f  ind iv i 'dua ls  involved i n  var ious as- 

pects of the r d ' s i d e n t i a l ~ c o n s t r u c t i o n .  i ndus t ry  '- See. Figure 1-3. A l l  o f  these 
. . 

groups 'are concerned . w i t h  uni. fy ing .and s tandard iz ing  requi rements f o r  the 

indust ry  t h a t  r e l a t e  t o  1 i f e ,  sa fe ty  and h e a l t h  o f  t h e  bu i  l d i  ng 'occupants. 

Mater ia ls  which are under consideration ,for incorpora t ion  i n  the  construct  ion. 

o f  the  device can r e a l i s t i c a l l y  be evaluated i n  the  context  o f  the  codes' 

requi rements f o r  simi l a r  systems and mater ia ls .  An understanding o f  such 

th ings  as the e f f e c t s  o f  code r e s ' t r i c t i o n s " l i m i f i r i g  the  area o f  flammable 

mater ia ls  and t h e i r  use in. the  con's.truct ion:of a . & e l  l i n g  can a s s i s t  i n  the 

avoidance o f  ser ious marketabi 1 i . ty This i s  espec ia l l y  t r u e  s ince 
. , 

, . na t i ona l  o f  the product i s  desi red. . 

The loca t ion  o f  the  module - - . r o o f ,  w a l l  o r  independent o f  the  dwel l ing  -- as 

we.11 as mount i ng techn.iq.ue -- - i n t e g r a l  , d i  r e c t  , s tandof f  o r  rack (see Appendix 

1 2  Studies sta roach) -- can r e s u l t  i,n ' d i . f f e r i ng -  i n t e r p r e t a t i o n s  on j u s t  what' 

requirements w i l l  be enforced by each p a r t t c u l a r  code. For example, ma te r ia l s  

which may be i n  compl i ance i f  used as p a r t  o f  an i ndepende.nt rack mounted 

module may be i n  v i o l a t i o n  o f  the Code i f  the.module i s  i n t e g r a l l y  mbunted'on 

the roof.  ~ h e s e  i n t e r p r e t a t i o n s  can even vary  between codes. 

The codes as w r i t t e n  do not  appear t o  be a heavy inf luence on the const ruc t ion  

and mater ia ls  of one and two famt-ly dwel l ings,  and so o f f e r  a good deal o f  

l a t i  tude fo r  t h i s  type of occu.pancy. Codes, however, are. more speci f i c ,  and 

therefore,  more r e s t r i c t i v e  i n  t h e i  r requi rements f o r  commercial-, i n d u s t r i a l ,  

and, i n s t i t u t i o n a l  'str"ct-u,res. Areas conta in ing these ' types of ocdupanci.es are 

i d e n t i f i e d  as having a g r e a t e r - p o t e n t i a l . r i s k  of f i r e  and are t rea ted accord- 

ingly . .  Another reason f o r  more. s t r i n g e n t  requirements i s  t h a t  a r e l a t i v e l y  

la rge number o f  people use o r  work i n  these types of bui ld ings .  These occu- 

pancies a l s o  tend t o  conta in a h igh  r a t i o  of b u i l d i n g  area t o . l a n d  covered 

when compared t o  one and. two,. f am i l y  dwel l i t i gs  and may o f ten  house, what are 

cons i dered by the codes, hazardous funct ions. However, regardless o f  the  



I . INDUSTRY . ,  3 + 
r 

CODE 
CODE -- - PROFFESS IONAL -- NEEDS OR 
USERS REQUIREMENTS 

I 

RE-EVALUATION 

CODE CONGRESS 

b . 
CODE DEVELOPMENT AND USAGE 

F l G U R E 1 - 3  



r e s t r i c t i o n s ,  the f a c t  remains tha t  most f i r e  r e l a t e d  deaths occur i n  the home 

(Figure 1-4) .  So, care and concern must be taken when developing products 

f o r  r e s i d e n t i a l  use. 
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CODE CHANGES - WHO INITIATES THEM 

Th is  chapter i s  a r e p r i n t  o f  an a r t i c l e  e n t i t l e d :  Decision-Aiding 

Communications i n  the  Regulatory Agency: The Par t i san  Uses o f  Technical 

Information, by Ventre, Franchis T., publ ished by the U.S. Department o f  

Commerce/National Bureau o f  Standards. specia l  p u b l i c a t i o n  473 - Research 

and Innovation i n  the ~ " i  l d i  ng ~ e g u l a t o r ~  Process. 

. . 

I t  was f e l t  t h a t  the  e n t i r e  " f l avo r "  o f  the  a r t i c l e  w i l l  a l l ow  the  manu- 

f a c t o r e r  o f  PV modules t o  have a unique and enl tghtened view of the code 

process presented w i thout  i n t e r r u p t  i'o'h' o f  thought. 



à IS ION-AIDING a3mJNICATIm IN ?HE m w  JGmCY: 

THE PAKI?SAN USES QF TMWICAC m=ON 

Francis T. Ventre 

Institute for Applied Technology 

Nationdl Bureau of Standards 

This 'paper, based cm a. nationally re&tati& survey of 1,200 imnkipal building 

depzdmmts,.describe~ the partisan uses of inionrationtin a regulatory setting. Each 

of the agencies was facing a specific w , s i o n  to alter its regulatim. to a-te . . .  
innovative building techniques. . , The agencies identified the various m?&=rs of, ,the 

building oamprmity-builders , designers, vendors, users, regulators--who &re farward 

to initiate the change, . to d i s k s  its advantages or disadvantages, and then to assert 

a position'either'su&rting or resisfing the .agency decision to rrodify the regulation. 

The local building industry, a-ed by m y .  of being the greatest source of msistahce 

to technical innovation, w& found to be the strongest force for change, equaling 

sornetinles surpassing the positive influence of the d l  code pups .  

Key words: Rqulation; building oodes; decision making; public policy. 



IrmmXmIrn 

Responsible regulation of E l d i n g  bxhmlosy requires that  codes be technicdlly 

current and socially reqmmive. That is to say that reguI.at.ians thmselves h s t  reflect 

a dynamic e q u i W i m  between ertxging social needs a d  new tehmlcgical ' qwt ies .  

Maintaining t l ~  building code in this caditian is a respap.rsibility of the regulataay 

agerq. In discharging this duty, building off ic ia ls  lrmst determine the adequacy a d  

q p m p r i a w  of inrwvative building techniques w i t h  respect to plblic safety, Mth,  

and welfare before mtting their use i n  the jurisdicth for which they axe respoplsible. 

This paper describes h w  t b s e  detennhaticms are M e  and identifies tbse elements of 

the building d t y  that participate in those decish. This inf0p~t .h  is based 

c n  a nationduy representative survey of h t  cme thousand local building departzwnts.' 

The survey results interpreted in this paper show that sane widely held beliefs about 

w b  influermes the oode change pmess are, qui te  simply, wrc~sg. 

A N W I T D E C F T i i E O C D E ( 3 I A N ( 3 : P ~  

A sponsor seeking regulatory apprwal for a new technique presents to the tuilding 

department data (often in the fa rm of engineering standards and test EM) showing th 

candidate technique's ccmpliance with or equivalence to applicable ccde requirements. 

Tile regulatory agency might m e  evidence of further testing to specified engineering 

standards by qualified labarataries. The spansor provides this infcmmtion, usually at 

mnsiderable additional expense. The effar t  is mrth the mst, thoYgh, because once a 

regulatary agency approves the material, method, a s d l y ,  or engineering s- under 

review, a new market area is opened to the innovakc. 

This is  &.bare-banes. outlines of the pMcedure'by which state and local codes 

undergo piecemeal or ~crmtal &ernizatiaol. The prccess is repeated thous& of 

timcs--recall there are wef 5,000 local and a scare of state building codes in farce in 
the U. S. kxeCNer, the process might involw5. a slightly different cast of participarits 

and there are variations in the substantive d?cmentaticn required in each jurisdiction. 

When faced w i t h  p ten t ia l ly 'd i f f icu l t  technical decisions, the scant agency resmrces 
for independent d&ennhation of technological questi- are routinely augn&ted by the 

agency's constituency and other scurces of informatimi. In other mds, the agency 

cnnsults w i t h  its clientele and reference groups before acting. - The clientele are those 

individuals and organizations whose lives and livelihoods are imnediately affected by 

the agency actions; the reference ent i t ies  are'the seireral -re of prof&ssiMal 

associatians and technical societies who ,m legitimize or otherwise authenticate the 

action of the public officials. 



\\ 

The decision-aiding ammnica~ans to the local hilding deparbTlents take several 

forms. 'X'here are personal interactions with the technical representatives acting for 

vendors of hilding products, with local wntrartors and builders, and with architects 

ard engineers who a~pear frequently at the agency's door in thp m l r q  rllf ,m~ti.ne 

business.- There is association with other local building officials either in periodic 

fonnal mtings (typical for jurisdictions subscribing to ane of the d l  codes) or on 

an occasional basis. There is, too, the sparadic involvmt with citizens, singly or 

in groups, seeking relief of one sart or another. The relative frequency of those 

personal enanmters is s h  in Figure 1. Finally, there are the imperscral sources of 

technical information: principdlly, engineering reports, sales literature, test results, 
- 

trade periodicals, and goverrrment publications. 

These personal and impersonal infonnation channels each have distinctive, though not 

always abvious, biases or predispositians: sane are clearly p m t i o h l ;  others, scrupl- 

laxsly impartidl. Agencies use these channels in a cuntinuing surveillance of their 

political a d  technological envimrmwt.* F'ran this enviromt and these sources mrre 

signals for agency action ar inaction. These messages course through persondl ard 

impersonal channels to the key officials in the building deparbnent. And, in this 

transmission, the weight lent to the messages is affected by the qualities of both the 

sources and the channels. All the foregoing are carmonplaces of ccnmunicatians theory 3 

a d  all are manifested in the anmunicatians preceding the technical decisions of 

huilding deparbnents. 
. . 

. How important are thest- message f h  to the agency?. . 
> .  

A 1970 International City Managerrent' Association (I-) survey of local buildhg 

departments found that although the departrrwt staff members occasionally initiate 

suggestions for inP,mvhg the local code, .the prepanderance of the more ' e a t i v e  

practices are W g h t  in £ran outside the agency, chiefly by the agency's clientele. 

Discussions of imhen t  changes are carried on widely. But support for and resistance to 

code changes under review call forth, intensive participation by only a few nremders of the 

agency's professional reference groups ard fran its clientele; which is itself a mere 

subset of the total building m t y .  

In brief, the staf f-short agency f a d  w i t h  a decision on innovative technology 

. resarts. to a fom of cvllective decision-making. Others, fran beyond the agency rray 
oantrihte to this decision by prwiding informtion on either the technique itself or 

the ramifications-both social and technical--of code-approval of the bxhnique. But. 

since nqst of the sources of this information have a partisan interest in the'decision, 

the agency inteqmses bebeen itself and this infomtion-bearing clientele a' filter of 

skepticism. This filtration. function mst be &oorporated into any model of infonnation 

flaw in regulatory policy making. 



' P  . * 

The d e l  of the agency decision process 'proposed in this paper is .fr& i n  a way 

both to reconstruct the tacit logic of the decision and to isolate precisely thDse 

functians of the agency clientele about which tihe least  is knwn and the most 1s 

speculated. Both m t i v e  and behavioral theories of decisim making plus ,the a u t b r ' s  

am experience in local, State, and Federal regulatary policymaking r d  tha t  the 

agency decisian to anrmrPdate the regulaticrms to an innovative technique k y  be '-fully 

analyzed as a nulti-stage'pmcess w i t h  mdxxs of clientele and ref- grarps each 

playing a -tier or lesser role a t  each of the '. 1 .  

The agency engages the participation of its clientele and ref- in 

different nrodes as it pcqesses, stage by h g e ;  to a decision. "Accadiqly, the five 

rrpdes of participatioh open to the clientele and-'reference grorips are.=: ' 1) okigi&& 
of proposed code changes, farwarding than far .  the. agency's cansideration; 2) h i k s a n t s  

of tho& changes w i t h  agency officials while the changes are under fevi&; '3) service as 

wwfi$ souroes of infoxmatian pertainin4 60 the innovatim and its h p l i c a t i u s  for 
the building ,<xmrunity; 4) suppxkrs  of the'~~noposed change; and 5 ) .  resistors of the 

'Koposed change.' 

The b s  of the c l i en t e l e those  whose e l f a r e  and 1 i v e l M s  are'dincCLy 

affected by agency decisians-are: architects and engineers, Mlhing m a t e r i a l  prducers 

a r  supplieis, arid their natiandl and local representatives; local or cut of t am builders 

and, a special case of the la t ter ,  mufact&ers of prefahricat& buildings; and repre- 

tatives of i n t e r n a t i d  unions ard their local business agents; and, the ultimate clients, 

representatives of the general public, usually spakesrw for  civic and .voter groups. 'The 

reference entities-individuals or groups w i t h  whcm building officials "identify" (h the' ' 
psychological sense) and to whan t he  officials loak fa r  legitinxitian and appruval- 

include: f i r s t  and f a r m s t ,  building officials frun near and 'far and pa.rt idarly. , thoq 

orgariized into professional graps l ike the.rrode.1 code associatians ,and, mich less 

praninent, the trade and p r o f e s s i d  media t h a t  inform and, to a degree, muster the . 

strikingly diverse building carmunity. 

The clientele and reference groups'include both the &stry-ksd agents of 

technological change, who typically advocatk us& of new materials, products, &- m e t h o d s ,  

and the spokesnen for enhanced building perforrrrance, wfio t y p i d l y  advocate safer and 

m e  e d c d l  buildings. Both groups try to achieve their goals by influencing 

regulatory policy in their fa= but the greater or  lesser influence of one group in 

anparisan to the other (and, in fact, the actual make-up of those groups) can be knmn 

only after agency decisions have been documented and analyzed. By tracing actual agency 

decisims through each of the five stages rrwtianed earlier, the differential influence 

of the several actors a t  each stage Can be identified. A thousand building deparbmnts 

reported to the ICY?A haw th i s  five-part process variously involved twenty mesr\bers of the 

building d t y  as the agency reached a decision an d i f y i n g  the building regulations 



to acctmrrr3ate innovative techniques. This provides the data base for the following 

description of the partisan uses of technical information. 

Table 1. lists the 1 4  techniques the agencies were considering when they r&portd to 

the I m .  The 1 4  techniques, collectively, may be considered an index of technologogicdl 

c m n ~ c y .  That is, oodes that pennit m r e  of the 14  techniques may be considered m e  
progressive and up to date. 

The ICMA survey iniicates that the building department's clientele and, to a mch 

lesser extent, its reference groups utterly daninate t he  flaw of cammicatiacls affecting 

m e  changes m d e r  cansideration. They eclipse in impartanCe even the building depart- 

mt staff itself. This is true a t  every stage of the pucss: introducing the 
innwation, discussing it, providing trustmrth information cm the change, and arguing 

for or against the change. The survey also indicates, b v e r ,  that the clientele, strong 

as it is, represents so many diverse interests that its collective characteristic is one 

of ambivalence i n  the face of technological change. With the possible exception of the 

building trade unions, there wxe no n-embxs of the agency clientele i n  persistent and 

pervasive opposition to the modernization of building regulations. This finiing undercuts 

tw widely held but thinly-substantiated beliefs. The f i r s t  is that local build.uq 

interests categorically atbznpt to suppress regulatnry acceptance of technological 

innwation. The s e d  is t h a t  the responsible officials suc& to this pressure. 

Contrary to these beliefs, which w may call the "abstructianist doctrine, " the I m  dae 

reveal that 1cca.l building interests w e ,  in fact, the leading adma te s  of the 1 4  coQ 

changes. 

The closeup view of the agency clientele in action reveals who specifically amng 

them are the mt active advocates of regulations that are technologically responsive: 

suppliers of building products and the builders who use then are the pmninent sources of 

new ideas. Sarqhat surprisingly, architects and engineers, whose professianal ethoses 

(and popular sterwtqps) mdd place then in a technological avant-garde are not 

prcminent innovatars-at least not on code changes considered by building officials to be 

t l ~  "mst  dif f icultn a m g  the 14  on the index of technological currency. khen the 

building of f ic ia ls  reported tq 1- on the "least difficult" changes, the design 

profession, figured nuch m r e  praninently as initiatnrs. Iocal building off ic ia ls  

reparted the sa r~  tendencies for tknselves: law participation m diff icul t  (ad, likely, 

cantroversial) decisinns; high participation cm less diff icul t  .decisions. This suggests 

that the design p r o f e s s i d s  that serve the.building industry are rmch less venturesane 

and innovative than are the construction professionals, the builders. In other d s ,  

in matters of changing regulations to accanrodate technical change, the desigh profes- 

sionals actually behave in much the sam way as do regulatnry bureaucrats they frequently 



malign. The b u i l b g  product suppliers an3 the builders thenselves are the praninent 

advocatesof tedmological currency i n  the building cdes, as the following diagrams 

ii lustrate.  

Figures 2a thruugh 2e i l lustrate  the I m  survey findings on the ~ t e r  or lesser 

participatiun of the clientele and reference groups a t  each of the five .&ages of the 

agency decision to adopt a recent code change. The figures are a oanposite of agency- 

identified participants in decisia cc~lcerning .all of the fairteen techniques amprising 

the index of -logicdl curmy.  The agency clientele and ref- g r u p s  are Listed 

a t  the left margin. They are &ranged in descerding order of their " t x u s ~ s s "  as 

sources of informatim m the code change urde,r review. (The respanding agencies pmvided 
this ranking, as w i l l  be explained shortly.) . The horiurmeal bars represent the relative 

extent of .clientele ard reference grap participation i n  the various decision m. 
L e t  us analyze each of the Figures visually a t  f i r s t  and then search far  significant 

interoaf ie la t ias  amq the'actors and the roles they play in the change process. 

Figure 2a i l l&trates  f i r s t  appearance of "technology-phn on the regulatory 

systm, and the push axes frun the industrial agents of technological change: building 
product suppliers and the locdL kdlders. It is these sqpliers and builders, and not 

the putative avant-garde of designers, v h  hring to the building department the initial. 

suggesticm to revise the code to accumdate the techniques caprising the index of 

~ o l o g i c a l  cun-ency. The f i r s t  awareness of a technical. possibility cams by way of 

personal, rather than documentary, sources. Sdles representatives and builders are m 
praminent smxes  of new ideas than are periodicals, brochures, or governnrent reparts. 

This deserves a carment. . 

Lccal building off ic ia ls  are exceptional in thei t  primary reliance an personal 

experience and in terac t ian  rather than docmnentary scurces of novel technology. 

Exceptional h u s e  studies of technological comrmnicatiq--whether in the realms of 

medicine or agriculture and involving either physicians or f-s--report that hprsonal 

media and docunwtary .sources usually bring the f i r s t  awareness of an innovative practice. 

Generally, according to  cations researchers, this initial awareness thrCplgh an 

impersonal source is follawed by personal cmtact and face-to-face relations between the 

change-agent ard tlie user. !Ikse personal contacts and relations legitimize the . 

information (often by adding detail)  previously transmitted through the i m p e r s d  

medium. ;his "-step flaw of cammication"5-iran i q e r s d  d i a  through'the opinion 

leader to the final receivers-so praninent in studies of both mass c d c a t i a n s  a d  

innovation does not apply to the local building official. -&, he relies on me 

basic, interpersonal mans of d t o r i n g  his technological envirorrment. In the view of 

sum d i a  specialists, this reliance on personal carmunications instead of mare efficient 

mass ccmmvlications is a defining characteristic of primitive societies in less4eveloped 

ecanan ie~ .~  Since mch of its innovation proceeds withcut benefit of &ern diffusion 



techniques, there may be a justification for calling this aspect of the building industry 

"primitive. " 

A final &stlrvation also tauches on the ananal& behavior in the building departrent 

when a technological change is initiated. In mst stulies of innovation-and especially 

those in~lving collective decisions (as when an agency and its clientele participate)- 

initiators of those decisions are likely to be compolites and pascms witbut routine 

and everyday amtact with the social system that is the 1- of the change.'] Not so 

in the building regulatory agency. Here, even the "idea m"-mstly f m  m g  the 

clientele-tend to the local building material  supplier, the 1 4  W e r ,  the local 

staff . 
An explanation far this rray be that .the "local" initiators of change-the building . 

pralucts suppliers and builders-are in m y  cases merely local agents far firms that 

produce and market cans-on goods nationally. The case of the builders is similar. 

Zlaey, typically, are h s  of local builders' associations whose national federation, 

the Natiandl Association of Ham?hilders (NAIiB) , pm%ides the local associations with 
technical assistance. Thus, even resid~tial construction, that most local of industries, 

has rims oxmedians with nationdl organizatiolls. 

The second of the five stages of agency decision mkhg is the widespread discussion 

given to newly proposed code changes. Of the five decision-aiding activities analyzed 
" 

here, "discussion" enjoys the widest participation. Just how widely discussion is spread 

is illustrated in Figure 2b. Discussion of pspective code changes sexves several 

important purposes both for the agency and for the agency's clientele. It gives to both 

an opprtunity to identify and carraborate the prabable impact the prospective azde 

- change might have ad it is the place where the' agency and clientele both plt a . 

technological toe in the political water wi-t an irrwocable ca~&t.Iwrt to suppart ar 

resist the adoption of the proposed change. Clearly, "discussionn is an activity with 

high payoffs in several categaries. It is virtually costless to both agency and clientele 

since most of the discussants are already regularly enaxritered during the routine office 

day.* 

What, precisely, are the benefits of discsussion? Far the clientele, the discusision 

step serves as a distant early warning of potential policy changes that might irduce a 

disruption of stable marketing arranganents m g  canpeting build. product manufacturers. 

If the discussion period is long emugh-and it may be rrnnths-the local clientele had 

an apportuLity to mnsult with their national and kgianal affiliates far advice on 
tactics either to advance, retard, ar be neutral to the prospxtive change. 

The agency, far its part, "discusses" the prospxtive change with its reference 

gmups, notably, the d e l  code associations ar building officials nearby ar in distant 



' cit ies.  &-other benefit the agency derives from the "discussion" stage is the m t a x y  

visibility it enjuys anung the clientele, showing that the ccde the agency enforces is an 

"open code, openly arrive at." An impartant seccsldary agency.use of the discussian stage 
is to identify possible effects of the d e  change that might redocad harshly upcm the 

agency itself. Such circlrmspectim klould save :the agency later gnbarrassnent at the ,bards 

of parties aggrieved by an adverse axle decision and its oansequenoes. It rmst be barne 
in mird that the avaidance of mbarrassrwt is-? pranhent cansideratian in any 

arg-zaticHldl decision-thet w i t h  the Joint Chiefs of Staff or 'in 'the hilding'depart- 

mt-and especially so when a "wrong decisim" might effect the e d c  wlfare of. local 

industry grarps at the Life safety of 'a cunnmity's inhabitants. Either eventuality caild 
result in the chief executive's disciplining- the' erring deprbmnt. Since caily one W 
hildirag official in eight has a specified term of off ie, and 'since for half that one,, in 

eight the term is o m  year,9 discipline auld take catastrophic fonn: dismissal if . , 

pnishmnt for errar exceeds reward, far non-error, this biases the decision making quite . 

strongly--it favors status quo, for eximple. 

A final utility of the discussion phase may be psychological. The job-insecure and 

pmrly-paid local officials have an opportunity to associate with their oertainly nnre 
af?f luent and often higher status clients. It is a truism of social psychology that 1- 

status mmkrs of social hierarchies with little or no possibility of social rrnbility 

direct their amnumicatiom upJard "as a farm of substitute upJard lccumtion."10 

We suggested at the outset of this study that the developnent of regulatory policy, 

indeed, the very evolution of the regulatory function, is a dialectical process that 

seeks a dynamic equilibrium betwen the foms representing the diverse interests of 

specific sectors of the building m t y .  The buildirg, regulatary system must respond 

to shifting societal values and to errrerging technological possibilities. We may call 

m a "society-pdln and the other a "technology-psh," both inping& on the hilding 

regulatory systsn. In oantemparary America, "technology-psh" is daninated by indus@ial 

agents of technical change while "society-pull" is largely in the hands of prblic agencies 
and "prblic interestn groups. This ever-present h t  usually suMued dialectical'process 

rises to & visibility during the agency decision to aomrmodate innovative 

technology. At that the, the canstituents of the building camunity can? farward to 

supp r t  or resist the building department's contemplated change in the regulation. Figures 

2d and 2e identify the participants in this process aqd the harizontal bars denote 

relative degrees- of partisan ship armng the agency's clientele and referemze groups. The 

ardor of their partisan ship may' be gauged by the relative lengths of the bars: strongest 

supporters of the ccde charages included the theex of technological currency are, in 
decreasing order, lccal builders, locdl building pduct suppliers, out of t am building 

product suppliers, manufacturers of prefabricated fuildings and the design professians 

'(the latter two tied); strongest resistors of code changes in the index are: l o d  d m  

representatives, , local building prcduct suppliers, and international union repre'smtatim. 

These results invite inteqxetation. 



k visual h q e z t i a n  alone, Figure 2d skws that, generally speaking, those who 

in i t i a te  the changes, usually the i r m d u s t r i a l  agents of "technology-push," are those who 

oame out and fight the hardest for than. This is to he e>rpected and the stat is t ics  bear 

out the expectatim: the rank orders of the rosters of "originating" actars (illustrated 

in Figure 2a) -and "supparting" actors (illustrated in Figure 2d) are highly oarrelated. 

(Table 2 lists the W t  of agrearwt arrong the rank ordering of actors a t  each of the 

decisian stages.) Also to be expected: the rosters of actors "supporting" and 
"resisting" the  code d f i c a t i o n  are in relative disarrary w i t h  respect to m e  another. 

-, me is not the imrerse of the other.u In other m, constituent groups Bnong 

the clientele that may strongly supprt a code change also cantain elanents that might 

res i s t  the change. For instance, a code change to allaw the substitution of one hiMirg'  

material for another. (as in the case of PIADEIN or Ml'LCHM; see Table 1 for q l a n a t h n  af 

abbreviations). . might provake a ccmflict amrig hildirag prod& mufacturers.  Similarly, 

a definitional change that might enable the' substitution of' one trade for another (as . ' 

when the BDCA Basic Buildirag Code redefined term$ describing installation of . 

mdeqnnd ut i l i t i es )  might p m m k  a reaction and amflict amng the h i l d ing  trades 

unions. The w a r n i n g  should be obvious: generalizations addressing the entire agency 

clientele are instantly suspect. Unfortu~tely, the popular but mistaken "cbstructioni'st 

&trinen re l ies  on ard propagates such m e o u s  generalizations. 

In identifying the patterns of carmunication and of potential influence, Figure 2c, 

that indicating trust ,  is the mst tel l ing diagram of al l .  It reveals that l&al building 

depaxtments are leery of and deliberately weigh the flood of signals, messages and 

b l a n d i m t s  that bcmbard than f r ~ n  the individuals and organizations identified in 

Figures 2a, b, d, and e. Sane signals are severely discountd: these are represented 

in the diagram by the 1- ranked actors; others are respected: these are the actors a t  

the head of the roster i n  Figure 2c. Why should this be so? 

. Building officials )olow that they, r e q a k i b l e  for regulatims tha t  can dispense or 

withtold e d c  privaleges, are pursued ardently by their clientele. This suit (a 

"technology-psh" on the building regulatory system) must be weighed against considerations 

of the.public welfare with w h i c h  the agency is entrusted. (when the agency acts as a 

"society-Nl" an the building regulatDry systan). This push and pull must also he 

wigh& agdinst. ihe well-being of other segrmts of the clientele '(who exert society-pill 

and technology-plsh £run othei- - directions)'. . . kreover, there is a m a ~ g e n w t  clientele 

within the agency and d y t i o n s  arrang individual officials therrselve's that affect the 

degree of skepticisn or deference given the ;iadani.ng mssages. In'the parlance of 

camunications science, the regulatory officials must discriminate between "signal" and 
. . 

.- "mi&" 'as they gather inf&mtim on w h i c h  to base a r a t i d  decision. 

Credibility, As it &i selectiirely extended to the several participants, is'rraeasured 

to a relative scale in .Figure 2c a d  can' be && to calibrate tk wlum and na- 



of client-agency carmunication.12 Social pSychologists re- that, other thingi%being 

equal, the higher the trus-s of an infomt ion  source, the higher likelihood 

of its credibility and influence with the &ision* seeking i n fomt im.  In a 

structure of fonnal au thr i ty ,  of m s e ,  the hierarchidl place of 'the ini&tian sauce 

wuld likely to dictate its credibility and the deference paid to it, especi'ally by tb& 

in s i b d n a t e  psitions.13 But the present study deaLs with an infomel systen outside. 

the f d  stnr=ture of gavernmntal authority:. That i n f d  system, h v e t ,  1s no 
less influential far its informality: The systan is influential because it llinks the 

building depr tmnt  and its persanrael with .ffie local and national building cumnanity. 

, . 
Wlilding regulations are based cmr one of -three saarces: they my  be adapted £ram any 

of the four &soq rodel codes; they k y . b e  based upan the regulations of a superior 
g o v ~ t , ~ u s u a l l y  a State, bht oocasionally.a county; or they may be drafted by the 

enforcing agency itself. w y  threefourths of all codes in use' at  the tim 'of 

ICXA survey & based cm one of',the rrPdel d e s .  Those jurisdictions basing theit 

codes on the rodel codes were, i n  fact, enfking regulations that were mre technically 

current. Specifically, localities enforcing codes based on rrrodels prnhibited femr of the 

techniques amprising the index of technological currency d e s c r M  earlier; in m t r a s t ,  

jurisdictions enforcing locally-drafted regulations i e i t e d  significantly mare 
1 4  tY3dmiques. 

What is it' about an association with a model code group that results i n  a nnre 

technically current code? How does aff i l ia t ion with a rrcdel code association affect the 

oode change decisicm process i n  the bYilding agency? The ICMA survey revealed that the 
' 

code &if ica& -ss in agencies' &o&q &el code differs a l ly  slightly fmn the 
process used 'in agencies enforcing agendy-bask ,codes. This finding is c1,early i l lustrated 

in  Figure ,3a through 3e whose hori imte  &s' 'depicting the'extent of clientele a d  

reference'group participatim.in the code change decisions are similar to those found in 

Figure 2a through 2e with but one change: each bar in  Figure 3a through 3e distinquishes 

m n g  the bases of the regulations being acted u p :  d e l  code based regulations, state/ 

m t y  code-based regulaticms, or agency drafted regulations. Fram this analysis, there 

is hardly any difference in clientele participation, role by role, in agency code 

d e r n i z a t i a n  decisions. Why, then, do agencies basing their codes upon the national 

d e l s  have nore technically current codes? 

a certain extent, d l  code c i t i e s  act with greater autonany and mre  freedan 

f r q  the partisans .in their local clientele. This is d-strated in Figure 3a, where 

+lding departments 2-t r-se to the. technical services of the model' code 
organizations are isham to be much mre reliant an local sources for'new ideas. Iocdl 

building m a t e r i a l  @-s or supplier repre-'tatives, both with wholly respectable and 



legitimate but nevertheless highly partisan interests, in one or another technique, 

oanpletely d-te the origin of m. ideas armng departrents enforcing a l d l y - w r i t t e n  

Me. k t  the sam ,figure s b a  that model m e , ,  agencies are not imnune £ran lccal 

influenoes either, and al ihugh they m, less ,reliant than lccal code agencies an the 
necessarily partisan, recarmendations of the ld suppliers, agencies enforcing adel-based 

codes a& twia as likely to pick up new ideas frcm their lccal sources as they are £ran . . .  . 
the of th&r own' &el code associati-. But the .deparm=nts affi l iated with 

mdel oode arganizaticms have an irtlpartant ahmntage over the 1oca . l l . i en ted  agencies: 

they have access to a source of technicdl j d g a r w t  that is relatively free of partisan 

leanings toward ane or another tec%dqu. l h is  is the critical difference. 

This difference between the code change &cision processes in the three types of 

jurisdictions is mapped in Figure 3a ehrough 3e. The &ception that matters is in the 

centrally ,impartant "trust" role: it is clear, that i n  the absence of an alternative, the 

mdel d e  nwement has drawn i tsel f  the role of impartidl legitimizer of technologid 

hnwatims. .  This essential role of autonomxls authenticatar of technical o p t i m  has 

emerged u- different auspices i n  different countries;15 in the  United .States, w. 
role has been as-surd by the ncdel code associatians. L e t  u s  consider hew this situation 

came about. 

. . 

Both in Figure 3c and in Table 3 (the later is nrerely the rank d e r  of the 

trustrustwrthy & by wde type) ,I6 w e  see the d i f f i d t y  vlder d c h  mst building 
' 

departmsnts--&ether or not  they subscribe to a model &-are forced to operate. Too 
. -  - 

d l  to specialize internally, attached to goverrrments sndll to develop'the necessary . 

independent evaluatiq of building pxducts, . the . deparmmts enforcing agemywritten axles 

are forced to place greatest significance ap the testimony of salesrren and e q s  are 
perceived as partisan advocates of me cx another techniques. lb off set this, , the agencies 

seek autanaraus, independent expertise. Far the present, the expertise is the "stock in 

traden of the mdel d e  groups, me of the "oarrelative w c e s  offered w i t h  the code," 

in the -ds of a respztxd nodel a d e  official. l7 The phrase "for present" is used 

advisedly, .haever, for the newly founded Nationdl Institute of Building Sciences (NIBS) 

has been autlnrized by Cca?cpess tn plrsue "correlatibe semioesn. of its awn. 18 ' .  

The findings in this s M y  canfirm sane but unlercut mre of the widely held viws 

about the nature of technological change in krildkag amsttuction and the social cantrols 

on that process operating thrcugh the building regulatory .system. .,Regulaticms are 

cantinually altered to accamdate innovative technqlogy and this mrk agpzsrs -.be a 
aooperative effo* of the regulators and the regulated. Affected gra~ps  in the building 

comunity-but rarely frun the building-using publi- farward to suppl-t the nreager 

technical re-qes of the agency a t  every step in..the m a t i n g  process: to nuninate a . 



d i d a t e  tecbque ,  to &scuss 1t.s v h e s  and s h o r t ~ g s ,  to suppart or res i s t  its 

adaptmn into the regulations governing the building entxx-prlse. This is a form and a 

forum of regulatmy po l i t x s ,  but not the anly one, far other arenas beckon far study: 

the decision pmcess w i t h i n  the r d e l  code graups, for one. For the nment, though, re& 

that  the obslmxtionist doctrine alleges that a amspiracy of entrench&, u s d l y  lccal 

Elding interests daninate the code rrodificatim process and that this is to blanre far  

technologically sanru3lent industry. Wit, surely, this is a page f ran  a sophist's 

textbmk: invidiaus results deriving f m  insidious causes. Far then the dynamics of 

this process are analyzed, ccmspiracies of loddl actors are f d  not in control of these 
deliberations. I n  the f i r s t  place, agency officials are in control and are usually 

skeptical of zealous partisan zdvmacy in behdlf of a favoxed building technique. . . 
mter  this stridency, off ic ia ls  disocxmt a great deal of what they hear frcm partisans 

of one or another -date techniques. These officials ccmsult w i t h  each other, mainly 

w i t h  their pmfessiandl paers thrPugh the programs of the nodel code associations. And 

they invest their greatest trust in those wurces of Weal infarmatian whom they 

oawider tobe impartial. In the -place, evenwhenone a r  bmactars  are extra- 

ordinarily assertive, their views frequently do not prevail. L e t  me c i t e  a specific 

case. Of the 1 4  items canprising the index of technological currency, the innovation that 

diffused with greatest speed during the 1960's was plastic pipe for use in drain, waste 

a d  vent systens. Plastic pipe gained in less than t en  years a level of regulatary 

acceptmm that toak copper pipe over 40 years to achieve. Similarly, plastic pipe, 

while comnercially available only a l i t t l e  over 10 years, had by 1970 achieved 80 percent 

of the regulatory acceptance mn by non-tallic sheathed electrical cable, a material 

on the market sine Wrld W a r  11. These data f r m  the I& survey are i l lustrated in 

Figure 4. Plastic pipe achieved this rapid aoceptance by regulatory .:gencies in the 
face of the rmst intense mobilization of resistance by industry and labar groups in the 

rrrernry of mst building of f ic ia l s  a t  m r k  today. Yet to many i f  not mst observers of the 

building industry of the last ten years, the battle for acceptance of plastic pipe is 
usually cited as an example of the failure of regulations to raMin current because of 

local industry pressure. 19 

The building regulatary systenr-through its nebmrks of codes, standards and associated 

ahinis t ra t ive apparatus--casts a penrasive and prevailing influence wer the farm and 

oantent of the built  environment. Through this system, gwernments assert a farm of social 

cant101 over the ra te  4 direction of change in  h i ld ing  technology. Social choices 

a m g  technical possibil i t ies are made whenever regulations are arrended to p t  the use 

of innovative building techniques. These regulatory choices have ecanmic a d  mid 
ramifications for the building industry and for building mers and users. Cansequently, 
these code decisions are contentious, closely atterded, and l i ke l i  influenced in sac way 

by the parties benefitted -'deprived thereby. One form this influence takes is the timely 

prwision of technical information for the decision-makers' use. This paper has tried to 

shed saih light an that process. 
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Ihe International City P%mqen-ent Association administered this 
survey i n  1970 to the building deplrbrcnts of 'all U.S. nunicipalities 
bver 10,000 pcpulatian and a s n a l l  sanple of d l e r  cities ard W. 
A b u t  half of all  departrents questioned responded (in ttm related 
analyses, n .= '930 and 1,241) and returns from ea& city s i z e  class above 
10,000 e r e  l a rge  ermulpl to 'be representative. In  sum, the generdli- 
zatians in 'this paper are' .valid.far cities over 10,000 but should ke 
extended to places under 10.,000 w i t h  caution. 
' ) .  

A t h q  discussion of  c l i en t i sn  arrong agencies is found in 
Grant kfh-utel, Pr iva te  Pcwer and American T a c y _  (New Yark: 
.vintage, 1966) and m Ira Sharkam&, Public Mmmst ra t ion :  fb l i cy  
S2aking in Gavemrent kpncies (Chicago, Markham, 1970). The 
lrrpartan~le of environmental rronitaring and its parti& relatim 

. innovation is analyzed in Paul R. Iawrene  and Jay W. Inrsd, 
Organitatian and Ehviromt: Managing  if fe rent ia t ion  and Inteqrat ian 
(Bastan, Division of Resear&, Harvard Graduate S b l  of Bclsiness 

See, f a r  instance, Col in  olerry, On timan cammica t ion  (Cabridge: 
MIT Press, 1957) and RanaZd G. Havelcdc, et. al. P b m h g  f o r  
Innamtion (Ann Arbr: University of ~ i c ' g a n i i b s t i t u k  far Social 
Research, July 1969), especially olapters 5 and 6. 

lhis d e l  is based an the Literatures tm the d i f f u s i ~  of technological 
innovation and on administrative decision m3king. .Since docmentation 
m the administration of  the building regulatory function is confined 
to muals of re- pract ice,  it yas nepssa ry  to interview 
direct ly many building o f f i c i a l s  an these matters. 

ELihu Katz, "lhe ?LnrStep Flow of Cammication: An Up to D a t e  
Repart on an "hypothesis, "Public %inion. ChLarterly," Vol. 21, (Smer 
1957), p. 61-78. .This ~ ~ k a r t i c l e  establ ished the inpatme 
of the "inpersonal rredium - personal contact" chain. ?his mncept 
d i s p l a d  the then-extant notion af rredia inflwcing mass behavim 
directly. 

E. wers and F. ~h&rdcer, Camo_mication of Innovation, (t+=w Yark, 
R-ee Press, 1971) , p. 256. Richard L. Meier ' A d  Karl Deutsch have 
a l so  w r i t t e n ' m  amnmicat ion  as an indicatar of develqnrent. 

Figure 1. 

m l e s  G. F ie ld  and R-ancis T. Ventre, "Local Regulation of Building: 
Fqencies, Codes, Pol i t i c s ,  " 1971 Municipal Year Boak (~bshingtan, 
I W ,  19711, pp. 139-165. 

?hums J. Allen and Stephen I. men, "Information Flow in Research 
and Developrent 'Labaratnries , " Administrative Science W l y ,  . 
Vol., 14, No. 1, (Mar&, 19691, p. 16. Allen and C&en cite several 
authori t ies  f o r  this, notably, H. H. Kelley. 

I f  they e r e ,  their Spearman Rank O r d e r  Carrelatian coef f ic ien ts  
wmld approach R = -1.0. it is, the ooeff icient  of rank-order 
cnrrehtio~l betkeen the "suppart" and "res is t"  rbsters in R = -0.26 
and is s t a t i s t i c a l l y  unsignif icant. 



12. An adjustment for  each actor on any innovation might be stated 
Synaolically as : 

PIij = fl.. (Oij + D ~ , ' )  (Sij - R. .), where 
1 3  1 3  

PI = -tidl influence; 

T = poust index; 

0 = index of original  sponsorhip of innovation; 

D = index of discussion activity; 

S = iRdeX oi suppOrting activity; 

R = index of. resisting activity; 

i = actca; 

j = specific innrxratian. 

0 and D are d a t i v e  properties but S and R are corp1mtax.y; the 
cunulatim of the l a t t e r  yeilds are an algebraic sign that  is associative 
and is distributed across all term in the expression m.k.ing a vectnr ob 
a scalar. 

13. A book-length t rea t rent  of this subject is: Harold L. Wilensky, 
Oryanizational Intelligence: Xncwledge and Policy i n  -t 
and Industry (New Yak, Basic Beaks , 1967) . 

14. Field and V e n t r e ,  op. tit. 

15. Mthods and inst i tutions far the evaluation cf building tebuqiues 
by national organizations in South Africa, the United Kingdun, Frana?, 
the Netherlands, Austria, Belgiun, Spain, Italy,  Part@, Japan, and 
Denmark are described in a set of papers in M o m c e  ConQpt in 
Buildings, proQedings of a joint  RILEM-AS?M-UB Symposium, Vol. 1, 
invited papers. Issued as National Bureau of Standards Special 
Publication 361, Volum? 1. 'Ihe papers are found a t  k. 491-534. 

. . 

16. The rosters of actors participating in ccde modification decisims 
in rrcdel and in  non-ndel code agencies are highly rank-arder axrelated,  
role by role. T h e  largest  discrepancy occurs an the "trustn question. 
The Spearman R's :  Originate, 0.93; Discuss, 0.92; Trust, 0.85; 
S q p r t , 0 . 9 1 ;  Resist, 0.88. 

17. Paul E. Baseler, "Revision and ladministration of the BUildhg Code," 
Managmt  M o h t i o n  Service, Repart No. 208 (May, 10611, Im, 
p. 44. ItaLics in the Original. 

18. The Insti tute was established by T i t l e  VIII of the Housing and 
C d t y  Developnent Act of 1974, Public Law 93-383. 

19.' ?he "Battle of Plas t ic  Pipe" is docunwted in Francis T. V e n t r e  
Social h t r o l  of ~ c h n o l a r i c a l  Innwatian: The Reaulation af 

2 d 

Building Construction, unpublished doctmal dissertation, Massachusetts 
Insti tute of Technology, June, 1973, olapter 6. 



Often Occasionally Rarely Never 

3. Builders/nonlocal 

4. Bldg. officialdlocal 

5. Supplierdlocal 

6. Bldg. official&nonlocal 

7. Suppliers/nonlocal 

8. State bldg. officials 

9. Model code rep+ 

10. Prefab. manufacturer 

11. Union personnel 
8'0 6'0 , 4'0 20 

1. Builder personnel: local. 2. Architects or 
engineers. 3; Builder personnel: out-of-town. 
4. Building officials from cities: within your . 
county. 5. Building material producers and 
suppliers personnel: local. 6. Building officials 
from cities: outside your county. 7; Building 
material producers and suppliers personnel: 
outof-town. 8. Building official from state 
building agency. 9. Repre~ntative of a model 
code group. 10. Prefabricated home manufac- 
turer or his representative. 11. 'Building trade 
union personnel. 

F l  GURE 1 
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CLASSIFICATION OF ELEMENTS OF THE INDEX OF TECHNOLDGICAL CURRENCY 

Identi- - S ~ B O L  TYPE OF CHANGE 
f ication 
Number MATERIAL METHOD DESIGN 

CODE CHANGES SUBSTITUTION ELIMINATION 

1. Nonmetallic Sheathed ,electrical cable NMTCBL X 

2. Prefabricated metal chimneys MTLCHM X 

3. Off-site preassembled' combidation drain, 
waste, and vent plumbing system for bathroom PLMTRE 
installation 

4. Off-site preassembled electrical wiring 
harness for installation at electrical WRHRNS ' 

entrance to dwelling 

5 .  Wood roof trusses, 'placed 24" on center .WDTRUS 

6. Cooper pipe in drain, waste. and vent 
plumbing systems . COPDRN X 

7. ABS (a~r~lonitrile-butadiene-styrene) or 
PVC (polyvinyl-chloride) plastic pipe in 
drain, waste, and vent plumbing systems PLADRN X 

8. Bathrooms.or toilet'facilities equipped 
with ducts for natural or mechanical' 
ventilation, in lieu of operable windows 
(or skylights) BTHDCT X 

9. Party walls without continuous air space PRTYWL 

10. Use of single top and bottom plates in non- 
Loading vearing interior partitions SNGLPL 

11. Use of 2" x 3" studs in non-loading bearing 
interior partitions 2X3STD 

12. Placement of 2" x 4" studs 24" on center in 
non-load-bearing interior partitions . 2X4STD 

13. In wood frame construction, sheathing at 
least 4 inch thick, in lieu of corner brac- 
ing WDSHTH 

14. Wood frame exterior walls in multi-family 
structures of three stories or Less WDFRMF X 

TABLE 1 
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APPENDI x 2. REGIONAL CODE VARIATION IMPACTS 

PURPOSE: Review e x i s t i n g  mode 1 codes, t h e i  r regional in f luence and 

the  impact they may have on. the development o f  Res i dent i a1 

PV modules; 

CONCL,USIONS: Model codes P o r ' b u i l d i n g s  and s o l a r  thermal systems have a 

st rong regional  impact and 'can have a major impact on the 

design and technology advancements o f  the PV indust ry .  

The use o f  model codes,other than-those developed around 

consensus standards , t o  secure necessary 'pub1 i c sa fe ty  and 

we l fa re  requi rements , f o r  evo lv ing  technologies i s  not  re-  

commended. The use of a f l e x i b l e  berformance c r i t e r i a  docu- 

ment wh.ich advances wi th.  the technology i s  'recommended. 

RECOMMENDATIONS: I n  order  f o r  manufacturers t o  receive the  widest accep- 

tance by model code agencies, they must comply w i t h  the  

e x i s t i n g  standards referenced. b y .  the codes. I f compl i ance 

t o  these standards proves. techn ica l ly  o r  economically un- 

feas ib le ,  changes i n  e i t h e r  the-code o r  standard w i l l  be 

required.. -Both o f  these procedures could be extensive and 

time consuming. I t  i s  recommended t h a t  an indust ry  wide 

attempt be.made t o  f u r t h e r  develop the Resident ia l  Photo.- 

v o l t a i c  Module Performance C r i t e r i a  l i s t e d  i n  Appendix 19. 

This w i  1 1  g ive  the manufacturer a guide t o  use throughout 

the design development phase o f  h'is product t h a t  should 

insure t h a t  the end product w i l l  meet code requi-rements. 

REGIONAL CODE VARIATION IMPACTS 

There i s  a very wide v a r i a t i o n  from s ta te  t o  s ta te ,  and from 1 o c a l i t y . t o  . 

l o c a l i t y  i n  the adoption and enforcement of the codes l i s t e d  i n  Appendix 1 .  

On the s t a t e  l e v e l ,  there are several s ta tes  which enforce no general b u i l d i n g  

code; by cont ras t  such s ta tes  as New York have developed t h e i r  own Sta te  

B u i l d i n g  Construct ion Code, and some.major c i t i e s ,  such as.New York C i t y ,  have 

developed s p e c i f i c  code documents on a l oca l  basis. F a l l i n g  between these two 

extremes, the m a j o r i t y  o f  s ta tes  subscribe t o  one o f  the three major model 



codes, the Bas i c Bui l d  i ng Code (BOCA) , The Un i form Bui 1 di,ng Code ( 1  CBO) o r  The 

Standard Bui l d ing  Code (:SBCC) . In  general , the Basic B u i l d i n g  Code, promulgated 

by the Bu i l d ing  O f f i c i a l s  and Code Adminis.trators In te rna t iona l ,  Inc. i s  sub- 

sc r ibed  t o  by midwestern and nor theastern regions, as shown i n  Figure 2-1. The 

Uni form Bui l d ing  Code, promulgated by the. I n te rna t iona l  Conference o f  Bui l d i  ng 

O f f i c i a l s ,  i s  p r i m a r i l y  recogn ized. in  midwestern and western regions, as shown 

i n  Figure 2-2. And the regions which have adopted. the Standard Bui 1 d ing Code, 

developed by the  Southern Bui ldi ,ng Code Congress In te rna t iona l  .a re  . i l l u s t r a t e d  

by Figure 2-3. The . .  aggregate . map., as shown i n  Figure 2-4, i l l u s t r a t e s  the.. 

s ta tes  c u r r e n t l y  us i  ng one o f .  these three major model codes and, therefore,  t,he 

areas covered by t h i s  study. . Only Montana, Minnesota.and . . a small area i n  ~ e r -  

m in t  appear t o  use no model code. , It should be po in ted ou t  t h a t  maps shown are 

not  intended t o  i n d i c a t e  t h a t  .these codes have been adopted o f f i c i a l l y  by a 
' 

s t a t e  code enforc ing  agency,but ra the r  t h a t  there  i s  wide usage a t  town, 

county, c i t y  and perhaps s t a t e - l e v e l s  of t h e . p a r t i c u l a r  code. I t  should a l so  

be noted t h a t  t h i s  a l lows some u t i l i z a t i o n  over lap o f  d i f f e r e n t  code documents. 

I n  some cases, the  s ta tes  w i l l  adopt one o f  the  model codes w i thou t  s i g n i f i c a n t  

v a r i a t i o n ;  i n  o the r  cases,. the model'.code may be used as a base from which a 

s t a t e  code i s  developed .by i-evis i on. In. any .case, any product dest i ned f o r  

use i n  the  r e s i d e n t i a l  b u i l d i n g  indu;try s h o u l d i d e a l l y  comply w i t h  a l l  these 
, . . '  

mode 1 code documen ts .  

. . 

Enforcement o f  t he  b u i l d i n g  codes 5s an e n t i r e l y  d i f f e r e n t  area, w i t h  as much 

v a r i a t i o n  as e x i s t s  i n  the codes themse'lves. Most s ta tes  having adopted a 

code, enforce t h a t  code a t . a  l o c a l  l eve l ,  w i t h  the  l oca l  b u i l d i n g  o f f i c i a l  
. f  ' *  

having a ' substant ia l  amount of a u t h o r i t y ,  and.hence,control over the  construc- 

- t i o n  i n  tha t  p a r t i c u l a r  l o c a l i t y .  Th is  . s i t u a t i o n  becomes p a r t i c u l a r l y  impor- 

t a n t  i n  the  case of new b u i l d i n g . m a t e r i a l s  o r  methods which may, a t  the  

d i s c r e t i o n  o f  t he  code o f f i c i a l ,  requ i re  subs tan t ia l  t es t i ng .  However, i n  

Oregon, no mod i f i ca t i on  o f  the s t a t e  adopted code by i n d i v i d u a l  l o c a l i t i e s  i s  

permi t t e d .  Furthermore, approva 1 s of new mater i  a1 s and construct  i on  methods 

a re  done by the  State BuildFng. Codes Department; the acceptance of a new 

mate r ia l  o r  method i s  done on- a statewide basis so i t  no longer f a l l s . .  

w i t h i n  the d i sc re t i ona ry  powers of i n d i v i d u a l  l oca l  code o f f i c i a l s .  This i s  

, important,, s ince par t icu, lar . ly .  . in  smal ler  c i t i e s  o r  towns, the s t a f f  of code 

o f f i c i a l s  i s '  f requen t l y  small', t h e i r  j u r i s d i c t i o n  q u i t e  wlde, and they may not  
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be p a r t i c u l a r l y  we l l  informed about certai.n areas of new const ruc t ion .  I n  

cases where there e x i s t s  a doubt i n  the  mind o f  an uninformed code o f -  

f i c i a l ,  h i s  reac t ion  i s  f requent ly  t o  e i t h e r  r e j e c t  t he  a p p l i c a t i o n  o r  t o  

requ i te  subs tan t ia l  expensive t e s t i n g  before  approval i s  granted. Most model 

codes have procedures t o  t e s t  new products and bu i  l d i n g  techniques fo r  com- 

p l iance.  This i s  very important t o . t h e  product designer because s ta ted  com- 

p l i ance  t o  a b u i l d i n g  code, f o r  example -- "approved by BOCAIt--  smooths'the 

road t o  general acceptance o f  the product by the bui  l d i n g  indust ry .  . . 

0 .  

A t  pre<e"t, there are very few s ta tes  wh'ich have adopted model s o l a r  energy 
: . .  

codes,' a n d  i n  f a c t ,  very few so la r  codes have been developed. The major devel- .( . . 

opmen t s  to-..date.; have been ,'the Un i form Solar Energy Code, deve 1 oped by the  

i n t e r n a t i d n a l ~ s i o c i a t i o n  o f  Plumbi,ng.and ~ e c h a n i c a l  O f f i c i a l s ,  and the Las 

Angeles s o l a r -  c'qde, , , whi ch was adapted from' the  Uni form Solar  Energy Code. There 

i s  work k i n g ' d o n k ' b y  the th ree model =ode: ~ r o u p s  -- BOCA, ICBO and SBCC -- i n 

con junc t ion ,w i ' th  t h e  Council of American Bu i l d ing  O f f i c i a l s  (CABO), and the  

Nat ional  Burkau ,of Standards (NBS) towards the  'development of a Mode 1 Solar 

Energy Code. None of the ac tua l  s o l a r  code work done t o  date i s  app l icab le  
: . . ;  

t o  r e s i d e n t i a l  phot ,&ol t i i ,c  modules, e i t h e r  t o  r e s t r i c t  o r  frame t h e i r  develop- 

ment. I f , ..howe-ve r , i n terek t a r i ses  from the deve 1 opmen t o f  comb i ned PV/The rma 1 

so la r  c o l  l e c t o r s  these documents should be reviewed. One po in t  t h a t  should be 

made i s  both the Uniform Solar Energy'Code . . and the Los Angeles Solar 

Energy Code should not  r e a l . 1 ~  be c l a s s i f i e d  as codes. I n  t h e i r  present con- 

f i g u r a t i o n ,  .they should be clas.si f . ied as e i t h e r  a standard o r  manual of accep- 

ted  prac ' t i ce  s ince they define the s ta te -o f - the -a r t  procedures as c u r r e n t l y  

accepted by the industry.  By c lass t . fy ing  . . these documents as codes, i n d i v i d u a l s  

have lega l  l y  f rozen technology development i n  var ious ma te r ia l  and const ruc t ion  

areas concerning the s o l a r  heat ing and coo l i ng  indust ry .  This should be 

avoided:. i n  the PV indust ry  as . i t  i s  s t i l l  i n  i t s . i n f a n c y .  Any document 

w r i t t e n  i n  a p r e s c r i p t i v e  manner and implemented as a code descr ib ing  the' PV ' 

module and system would be extremely.premature and serve on ly  t o  r e s t r i c t  

ra ther  than a s s i s t  technology deve.lopment and implementation. Cer ta in  e a r l y  

technological  devices o r  so lu t i ons  would become . the  on ly  "code-approvable" way 

a r e s i d e n t i a l  PV module could be made. 

Resolut ion o f  these p o t e n t i a l  d i f f i c u l t i e s  may be achieved.by s o l i c i ' t i n g  the  
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cooperat ion of the Council of American Bu i l d ing  O f f i c i a l s ,  whose r e s p o n s i b i l i t y  

i t  i s  t o  coordinate the  a c t i ' v i t i e s  o f  th.e three major model code groups (BOCA, 

I C B O ,  SBCC).. I n  add i t i on ,  the Nat ional  Conference of.St.ates on Bui' lding Codes 

and Standards ('NCSBCS) i s  playi'ng an important r o l e  i n  the development o f  model 

s o l a r  codes,par t icu lar ly  i n  the  area of p lanning f o r  the  implementation o f  
. . 

the model s o l a r  codes which are  a1 ready developed ,. and' the  t r a i n i n g  o f  code 

o f f  i c i  a1 s t o  make proper . judgements. . wi. t h  regard t o  s o l a r  ene,rgy systems. I t  

should be the r e s p o n s i b i l i t y  o f  a manufacturer 's o rgan iza t ion  (perhaps the 

newly formed Photovo l ta ic  Di'.vi.sion o f  the  Solar Energy Indust r les  Associat ion 

(SEIA)), t o  work w i t h  these groups t o  resolve any p o t e n t i a l  code r e s t r i c t i o n s  

a f f e c t i n g '  r e s i d e n t i a l  photovol t a i c  modules. Another approach would be f o r  the  

federal  government t o  i n i t i a t e  the  development o f  codes and standards which 

would a1 l o w a  measuring s t i c k .  f o r  the code o f f i c i a l s  t o  judge pho tovo l ta i c  ap- 

p l i c a t i o n s .  This would be s i .mi la r . . to  previous e f fo r t s : ,  such 'as the  procedure 

f o r  t e s t i n g  so la r  thermal c o l l e c t i o n  systems, which was developed by The 

American Society f o r  Heating,. Ref r igera t ion ,  and A i r  Condi t ioning Engineers . 

(ASI~RAE) as Standard 93-77. 

I t  i s  o f  i n t e r e s t  t o  note t h a t  t he  considerable work done by the Department o f  

Energy (DOE) and the Department of Housing and Urban Development (HUD) i n  the  

s o l a r  demonstration p r o j e c t s  has y ie lded  ra the r  few code enforcement . d i f f i -  

c u l t i e s .  There have been some cases, however, i n  which a subs tan t ia l  pena l ty  

was imposed upon the implementatton o f  the  so lar '  system by a code o f f i c i a l  who 

lacked a f u l l  understandi,ng o f  t he  proposed system. I t  can be speculated.. 

t h a t  t he  reason f o r  t he  re1at ive l .y  few d i f f i c u l t i e s  encountered i n  the  demon- 

s t r a t i o n  program i s  the  impl ied  sup'port o f  t he  federal  government, which tends 

t o  reassure bu i l d ing  o f f i c i a l s  t h a t t h e  systems proposed a r e  w e l l  designed 
' 

and do not  pose any hazard t o  publ ic . .heal th,  safety o r  welfare. There has 

been a greater  incidence of problems w i t h  code o f f i c i a l s  i n  s o l a r  a p p l i c a t i o n s  

which have not been under the demonstration program. Ind i v idua ls  proposing 

s o l a r  systems have f requen t l y  encountered   ode o f f i c i a l s  who are less than sym- 

pa the t i c ,  .and who reac t  by imposing ra the r  severe t e s t i n g  requirements f o r  the 

s o l a r  system. 

I t  i s  f e l t  t h a t  the  best  reso lu t l on  t o  these k inds o f  problems can be .accom- 

p l  i shed by the  coord i nated development o f  consensus codes and standards whi ch 



provide the  i n d i v i d u a l  b u i l d i n g  o f f i c i a l  wi'th a  basis fo r  judgement. 

So,,as a  r e s u l t ,  and w i t h  a  des i re  t o  establ i .sh an , aggresstve . a t t i t u d e  toward 

codes, a  p re l im ina ry  Resident ia l  Photovo l ta ic  Module Performance C r i t e r i a  

(RPMPC) was developed. I t  is .  hoped. that  t h i s  document could f u l f i l l ' t h e  need 

f o r  a  code document w h i l e  s t i l l ' accommodat lng  the  emerging .. . PV  technology. The 

basis fo r  t h i s  Performance C r i t e r i a  document was a  document prepared by the  

Nat ional  Bureau o f  Standards (NBS)\ f o r  the D i v i s l o n  o f  Solar Energy, ~ n e , r ~ ~  
. . 

Research and Development Admin is t ra t ion  (.ERDA) e n t i t l e d ,  " In te r im  Performance 

C r i t e r i a  f o r  Solar Heating and Cool ing Systems i n  Commercial Bu i l d ings . " .  The 

RPMPC provides a  format t o  ' reference general performance requi rements and 

' s p e c i f i c  e x i s t i n g  t e s t s  which w i l l ,  g ive  manufacturers,. guide1 ines f o r  the deve- 

lopment o f  r e s i d e n t i a l  'photovol  ta' i  c  modules (RPM) . This document w i  1 1  a l so  

g i ve -  code o f f i c i a l s  a  m e a s u r i ~ g  s t  i c k ' f o r  code compl iance. The RPMPC format 

i s  usefu l  t o  a  developing indust ry  because i t  a l l o w s . f o r  easy incorpora t ion  o f  

changes t o  techn ica l  requirements, keeping pace w i t h  .the pho tovo l ta i c  indust ry .  
. .. 

For a  d e t a i l e d  explanat ion o f  t h i s  document and i t s  use, ,  see Appendix 19 - . 

Res ident ia l  Photovo l ta ic  Module Performance C r i t e r i a .  



APPENDIX 3. MODEL AND CITY CODES REVIEW 

PURPOSE; Review f l v e  representa t ive  b u i l d i n g  codes, BOCA, ICBO, 

SBCC, Los Angeles and P i t tsburgh,  t o  determine i f  they (1)  

. c o n t a i n  any category o r  group o f  ca tegor ies  i n t o  which i t  

might be appropr ia te  t o  inc lude a  photovol t a i c  module, 

panel , and a r r a y  and (2) what requi  remen t s  a re  imposed o r  

might 'be imposed on the  pho tovo l ta i c  module, panel and ' 

a r ray  by the& codes. 

CONCLUSIONS: I n  the f i v e  codes reviewed, there  were no app l i cab le  code 

ca tegor ies  i n t o  which pho tovo l ta i c  modules, panels and 

ar rays  cou ld  be placed. Code officials w l l l  almost cer-  

t a i n l y  r e l y  upon e x i s t i n g  ca tegor ies  which can be i n t e r -  

p re ted  as app ly ing  t o  PV i n s t a l l a t i o n .  L i k e l y  choices 

are roo f  coverings, roo f  structures,, s k y l i g h t s ,  veneers, 

and loading c r i t e r i a .  I n c o m b u s t i b i l i t y  o r  res is tance t o '  

f i r e  i s  by and large,  no t  requi red.  The use o f  any p l a s t i c  

ma te r i a l  i n  the module w i l l  be l i m i t e d  t o  "approved p las -  

t i cs " .  Approved p l a s t i c s  a re  then s t r i c t l y  l i m i t e d  t o  area 

o f '  usage. I t wi  1 1  be necessary t o  per form ASTM-D-635 

Flammabi l i ty  o f  R i g i d  P l a s t i c s  Test t o  determine code c l a s -  

s i f l c a t i o n s  o f  p l a s t i c  mater ia ls .  Th is  p l a s t i c  rest r . ic-  

t i o n  app l i ed  t o  the use o f  any p l a s t i c  ma te r i a l ,  regardless 

o f  i t s  l o c a t i o n  i n  the cons t ruc t i on  o f  the b u i l d i n g ,  i .e. ,  
, 

exposed o r  i n  a  Sandwich cons t ruc t ion .  Typical  b u i l d i n g  

ma te r ia l s  f o r  roofs,  weigh i n  the range o f  5 t o  ,20 lb./sq. 

ft. Since t y p i c a l  modules w i l l  t y p i c a l l y  weigh less than 

10 lb./sq. f t., problems should no t  a r i s e  i n  the a d d i t i o n  o f  

ma te r i a l s  t o  roo f  loads. I n  r e t r o f i t  app l i ca t i ons ,  s ince  

ar rays  w i l l  be added t o  roo fs  ' cons i s t i ng  o f  b u i l d i n g  ma te r ia l s  

whose weights a re  a t  the  low end o f  the bu i  l d i n g  ma te r ia l  

weight range loading problems should n o t . e x i s t .  Here, t y p i c a l  

roo f  cons t ruc t i on  such as aspha l t  sh ingles w i l l  probably be 

the norm; r e t r o f i t  a d d i t i o n  o f  modules t o , a  s l a t e  o r  t i l e  

roo f  would be unusual. 



I R E C O ~ ~ ~ ~ ~ ~ ~ ~  ONS: The na t iona l  bu i  l d  ing  codes wi 1 1  , no doubt, begin prepar ing 

I new sect ions addressing the use o f  photovol t a i c  moduies i n  

. : r e s i d e n t i a l  construct. ion. . T h i s  cannot be expected, however, 

. u n t i l  RPM's have achieved some.reasonable amount o f  success 

. i n  the ' res ' ident ia l  market. Because o f  the. e x i s t i n g  p l a s t i c  

r e s t r i c t i o n s ,  t e s t i n g  of.comrnon and potent. ia1 module. p l a s t i c  

ma te r ia l s  should be i n i t i a t e d ,  i f  p las t i cs .canno t  be 

excluded altoget 'her.  Add i t iona l  t e s t s  o f  module/array. flame 

spread c h a r a c t e r i s t i c s  should a l s o  be in . i t ia . ted  t o  determine 

i f  the ar ray  s i z e  can be increased beyond . the .ex i s t i ng  

p l a s t i c  area l i m i t a t i o n s  i n  the  codes.: 

INTRODUCTION 

Model codes, as mentioned before, a re  designed t o  s u i t  the requirements o f  ' a  

wide v a r i e t y  o f  c i t i e s ,  which vary i n  both s i z e  and loca le .  They. tend, the ie -  

fo re ,  t o  be w r i t t e n .  i n  more general terms than what might be cal ' led c i  t y  codes. 

C i  t y  codes are  those. which ai-e wr i . t t en  exclus ive ' ly  by a.nd f o r  'a s p e c i f i c  c i t y .  

The model code covers a wide range o f  p o s s i b i l i t i e s ,  and.each c i t y  subscr ib ing  

t o  the  code se lec ts  those p a r t s  which are  appropr ia te  f o r  i t s  needs. Mod i f i -  

ca t ions  based on loca l  p e c u l i a r i t i e s  a re  a l s o  not  uncommon. However, the 

I ana lys i s  o f  the three model codes encompasses thk most prevalent  requi rements . 

I f o r  cons t ruc t i on  .mater ia ls  and s.ystems. Also, l oca l  modi f'icati.0n.s o f  the  'code 

I tend t o  be more l e n i e n t  ra the r  than more s t r i n g e n t  i n  t h e i r  requirements. 

To serve as the basis o f  comparison w i t h  the  model codes, the bui. lding codes o f  

the  c i t i e s  o f  P i t tsburgh,  Pennsylvania and Los Angeles, C a l i f o r n i a  were reviewed. 

These were selected because they represent two o f  the extremes which may be 

encountered. The P i t t sbu rgh  Code was enacted' i n  1947 and, w i thout  s i g n i f i c a n t  

amendment o r  modernization, i s  s t i l l  i n  e f f e c t  today. I t  does not  r e f l e c t  some 

o f  t he  common contemporary trends i n  b u i l d i n g  codes. A good example i s  the ... 

omission o f  any eva luat ion  o r  r u l i n g  on the var ious t ypes 'o f  thermal ins,u lat ion 

o r ,  f o r  t h a t  mat ter ,  even the  i n c l u s i o n  of i n s u l a t i o n  i n  the index. On the 

o the r  hand, the P i  t t sburgh  code i s an appropr i i t e  choice because d f  i t s  longev- 

i t y  and the absence o f  any glimmer o f  f u t u r e  ~ h a n ' ~ e .  I t  we1 1 represents c i t i e s  
. . 

and m u n i c i p a l i t i e s  whose codes .do not ,  i n  the body o f  . t h e i r  . t ex ts ,  r e f l e c t  the  

contemporary t h i n k i n g  o f  code w r i t i n g  agencies.' The e f f e c t s  o f  th is .  type o f  

code on the  design o f  the  RPM should, nevertheless,. be addressed as i t  i s  no t  

a r a r i t y .  

The o ther  selected c i t y  code,. the Los Angeles Code, i s  updated. regu lar ly .  The 

e d i t  ion used f o r  t h i s  review, 1976, has' a1 ready been updated t o  August, 1978. 



and contains a l l  amendments e f f e c t i v e  through t h a t  date. It i s  a good example, 

then, o f  a contemporary code i n  fo rce  i n  a l a rge  c i t y .  The research i n t o  the  

e f f e c t s  o f  e x i s t i n g  code requirements under and/or r e s t r i c t i o n s  t h a t  might be 

pe r t i nen t  t o  the  design o f  the Res ident ia l  Photovo l ta ic  Module (RPM) f a l l s  i n t o  

f o u r  general categories..  These categor ies are roo f  coverings, roo f  s t ruc tu res ,  

veneers and load charac te r i s t i cs .  Each o f  these areas i s  commonly t rea ted  i n  

the model codes and c i t y  codes. They were selected because they are  the ones 

t h a t ;  i n  BHKRA1s bp:inion, a re  most l i k e l y  t o  be se lec ted by code agencies i n  

t h e i r  e f f o r t s  t o  determine the  RPM's compliance w i t h  and a c c e p t a b i l i t y  tn the 

codes. 

i 

ROOF COVERINGS 

I n  order  t o  study the r e l a t i o n s h i p  o f  t he  roof-mounted r e s i d e n t i a l  pho tovo l ta i c  

module (RPM) t o  the  f i r e  res is tance r a t i n g  o f  roo f  coverings i n  r e s i d e n t i a l  

const ruc t ion ,  a review o f  th ree model codes -- BOCA, SBCC and I C B O  -- along 

w i t h  two c i t y  codes - Pi t t sbu rgh  and Los Angeles -- was undertaken t o  deter-  
. . 

mine how roof .and roo f  coverings are  evaluated f o r  f i r e  res is tance.  I t  was, 

assumed . tha t  the RPM was, i n s t a l  l e d  on- the residence by e i t h e r  the  d i r e c t  o r  i n -  

t eg ra l  mounting technique., as ,  the  o the r  two types o f  mounting - rack and 

standoff - could no t  p r a c t i . c a l l y  r e s u l t  i n  the a r ray  being judged ,as a roo f  

covering. (see Appendi'x 13 - Mounting Type Conf igurat ion) .  . . 

Both the. BOCA .Code and ICBO estab l  i s h  standards .which must be met o r  t e s t s  

which must be performed t o  provide a product 's  compliance w i t h  code require-  

ments. BOCA l i s t s  these requirements i n  Appendix G, and I C B O  i n  Chapter 32, 

sec t ion  3202(b). Both codes r e l y  on such agencies 'as UL and ASTM -- na t iona l  l y  

recogn i zed. t e s t  ing  agencies -- .as bases f o r  product approval . ,(See ~ p p e n d i  x 1 - 
~ o d e s a n d s t a n d a r d s ,  e t .a l . )  . , . . 

The BOCA c l a s s i f i e s  roo f  cover ing ma te r ia l s  " i n  accordance w i t h  the  s e v e r i t y  o f  

exposure to '  e x t e r i o r '  f i r e  and ab i  1 i ty t o  ' res i s t  t he  spread o f  f i r e  f rom sur- 

rounding bu i  ld ings  .and s t  ructurks...'" Mater ia ls .  which have not  been tes ted and 

c l a s s i f i e d  by a ' na t i ona l l y  recognized a u t h o r i t y  1 ike '  Underwri ters Laborator ies . 

are categorized as  on-cl'assi f ied  roof ingsl1, t he  lowest o f  f ou r  pass i b l e  

ra t i ngs  noted. . sect i o n  926.3.4 s ta tes ,  however,. t h a t  non-classi f i e d  roof cov- ' 

e r i ngs  may be :used on "Bui ld ings and s t ruc tu res  o f  unprotected frame construc- 

t i o n  ( tha t  i s ,  Type, 4B Unprotected, when' t he  d is tance from any o the r  bu i  l d i n g  



i s  no t  less than 12 fee t ) . "  As one o r  two fami ly  dwel l ings commonly f a l l  w i th -  

i n  the d e f i n i t i o n  o f  t h i s  exceptton, RPM components would most probably be 

acceptable by code even though they were not  tes ted f o r  compllance t o  code 

standards. 

The determinat ion of t h e  f i r e  r e s i s t a n t  r a t i n g  requ i red  by lCBO i s  l ess  c lear .  

Sect ion 1704, which deals w i t h  roof coverings,, requf'res f i r e  retardant  cover- 

i ngs ". . .except i n  Type V Bui l d ings  (a1 lows wood frame const ruc t  i.on) ,housing 

Group R ( ~ e s i d e n t i a l )  Occupancies, where i t  nay be as s p e c i f i e d  i n  Sect ion  

3203 ( f )  .'I This statement roughly approximates the  except i on  ,mentioned i n  the  

BOCA code. Sect ion 3 2 0 3 ( f ) . l i s t s  a wide v a r i e t y ,  though by no means a l l ,  o f  

the  ma te r ia l s  which are acceptable roo f  coverings. Included are  wood shingles,  

and shakes. Th is  suggests t h a t  RPM components could be combustible . t o  some 

extent .  A s'imi l a r  approach i s taken by t h e  'SBCC. Th is  code .a lso f a i  1s t o  be 
.. , 

speci f i  c about i t s  requi  rements f o r  roo f  coverings. t o  be used i n  one o r  two 

fami 1 y dwell  i ngs. Paragraph 1707.9. ''Roof Coverings" s ta tes  t h a t  "Any roo f  

cover ing permi t ted  i n  t h i s  code may be app l ied  t o  dwel l ings ...It Again, a l l  

conceivable roo f  coverings cannot poss ib l y  be addressed. However, paragraph . 
. . 

103.6 A l te rna te  Ma te r ia l s  and A l te rna te  Methods o f  Construct ion, s ta tes  t h a t  

the code i s  ".'. .not intended t o  prevent: the  use o f  any ma te r ia l ,  o r  method o f  

cons t ruc t i on  no t  s p e c i f i c a l l y  p rescr ibed.by  t h i s  code, provided any such a l t e r -  

nate has been approved and i t s  use author ized by the  B u i l d i n g  O f f i c i a l . "  Th is  

statement c l e a r l y  encourages the u s e ' o f  new.mater ia ls  and techniques. As w i t h  

the ICBO, the  SBCC accepts wood sh ing les .and . . shakes f o r  use on ,dwel l ings, again 

suggested t h a t  RPM components could be combusttble to.some extent .  
.. ' 

P l a s t i c  as roof  coverings b e a r  spec ia l  a t t e n t i o n .  ~ a c h  o.f t he . th ree  codes ad- 

dresses p l a s t i c s ,  and accepts f o r  .use .as r o o f i n g  so-cal l e d  "approved p las t i cs . "  

Approval va r ies  between codes, bu t  .BOCA i s  a good example. ,Samples o f  p l a s t i c  

must be subjected t o  a . t e s t  f o r  burning ra te .  ASTM D.635, 'and the  r a t e  o f  

burning i n  turn,  determines the c l a s s i f i c a t i o n  o f  t h e  p l a s t i c s ;  t h a t  i s ;  Class 

B f o r  example has an average extent .  o f  burning o f  less  than e igh t - ten ths  (0.8) 

inches per  minute according t o  ASTM D 635. 

BOCA and SBCC the use o f  approved p l a s t i c s  i n  roo fs  which are not  ye- 

qu i  red t o  have a - f i  r e  ra t i ng .  As one o r  two fami l y  dwel l  i ngs are not  requi  red  

by e i  t he r  code t o  have roofs  which have a f i r e  r a t i n g ,  approved p l a s t i c s  may 

be used. This l i m i t  va r ies  depending on the  Code C1assification;as p rev ious l y  



described. 

BOC A - 
C l a s s i f i c a t i o n  

Class A 
Class B 
Class C 

- class CCI 
Class CC2 

Max. Panel Area ' 

( I nd i v idua l  u n i t )  
2 

300 f t2 
200 f t2 
100 f t  

Tota l  Area o f  P las i  c  
on Roof 

(% o f  f 1 oor area) 

30% 
25% 
20% 

ICBO s ta tes  i n  Paragraph 5205 (d) t h a t  "Combinat ions o f  approved p l a s t  i c s  used 

i n  roofs and s k y l i g h t s  s h a l l  not exceed 25% o f  t h e '  f l o o r  area o f  t he  room o r  

occupanc'y she1 tered." Paragraph 5206 s ta tes  t h a t  t he  maximum pane.1 area o f  

p l a s t i c  used i n  roo f  monitors o r  sawtooth. roofs s h a l l  not exceed 200 square 

fee t  and t h a t  the  t o t a l  aggregate . . area o f  p l a s t i c s  used i n  s k y l i g h t s ,  monitors 

and sawtooth glaizing i h a l l  not  exceed 30% o f  the  f l o o r  area o f  t he  room o r  

occupancy sheltered. 

A1 1 three codes requi r e  a separat ion o f  f ou r  feet h o r i z o n t a l l y  between p l a s t i c s  

as a cover ma te r ia l  f o r  t he  RPM. A 2,000 square foo t - res idence  would be 

1 i m i  ted t o  between 400 square f e e t  and 600 square fee t  o f  a r ray  area. 
. . 

A * J; 

The Bui l d i  ng Code o f  t he  C i  t y  o f  P i  t t sburgh has 'been selected as representa t ive  

of those f o r  medium t o  la rge s i z e  c i t i e s .  A d d i t i o n a l l y ,  i t  has changed l i t t l e  

since i t s  approval i n  1947. I n  the  C i t y  o f  P i t t sbu rgh  Code., one and two fami l y  

dwe 1 1 i ngs , categor ized as Group "E" Occupancy,  we 1 1 i ng) , may be constructed 

up t o  th ree s t o r i e s  i n  he ight  i f  o f  Type V I  .(Wood Frame) Construct ion. Type V I  

may be fu r the r  def ined as t h a t  "...Type o f  cons t ruc t i on  i n  which the  s t r u c t u r a l  

pa r t s  and mate r ia l s  are  o f  wood o r  are dependent upon wood frame f o r  support,  

i nc lud ing  const ruc t ion  having combusti:ble e x t e r i o r  veneer ...I1 I n  o ther  words, 

Type , V I  i s  convent7onal r e s i d e n t i a l  construct  ion, acceptable i n  v i r t u a l  l y  a1 1 

F i r e  Zones throughout the c i t y  where one and two fami l y  dwel l ings  are permi t ted.  

. . 

Table 14-A "Minimum F i re-Res is t ive  ~equ i rements  f o r  t he  .Various Types o f  Con- 

s t ruc t i on "  s ta tes  t h a t  roo f  panels of Type V I  bu i l d ings  need ca r ry  no f i r e  re -  

s i s t i v e  ra t i ng .  The component ma te r ia l s  of t he  RPM are, there fore ,  no t  

l i m i t e d  by code t o  those which .are f i r e  r e s i s t i v e .  



P l a s t i c s  are addressed i n  Par t  V I ,  Miscellaneous, of the  Rules and Regulations 

Sect i o n  under the  heading "Glass F iber  Reinforced P l a s t i c  Panels." Th is  sec- 

t i o n  s ta tes  t h a t  "Glass f i b e r  re inforced p l a s t i c  panels havl'ng a f lame.spread 

not  over 75, as tes ted by an approved labora tory  and labeled accordingly,  may 

be used i n  roofs and sky1 igh ts  of bu i  l d ings  i n  any F i  r e  Zone (Par t '  I V ,  Chapter 

13 - Res t r i c t i ons  i n  F i r e  zones), i f  the  t o t a l  area o f  such panels does not  

exceed 35 percent o f . t h e  e n t i r e  roo f  area. Th is  ma te r ia l  may be used f o r  s ide  

w a l l s  where permi t ted by code." P l a s t i c s ,  then, are permi t ted  as an element o f  

an RPM when i ns t a  1 1 ed as a d i rect.  o r  i n  tegra 1 mounting . 

The C i t y  o f  Los Angeles Bui l d i n g  Code i n  Chapter 32 - Roof Coverings, requires.  

t h a t  the  " roo f  covering o f  every bu i  l d i n g  s h a l l  be a f i  r e  retardant  roof cov- 

e r i  ng." However, ou ts i  de o f  F i  r e  Zones and F i  r e  Buf fe r  Zones -- . that  i s , com- 

merc ia l  arid i n d u s t r i a l  zones d e l i n e a t e d . i n  Chapter 16 - R e s t r i c t i o n s  i n  F i r e  

Zones -- wood shingles and shakes are  permi t ted  on wood frame b u i l d i n g s . ' . T h i s  

concession i s  s i m i l a r  t o  those made i n  o ther  codes already discussed, and sug- 

gested t h a t  f o r  standard r e s i d e n t i a l  const ruc t ion  -- Type V, wood Frame -- f i  r e  

r e s i s t i v e  mater ia ls  are not  requ i red  by code. This assumption i s  f u r t h e r  sup- 

por ted  i n  Sect ion 91.1708, Type V Bu i ld ings-  Special Provis ions,  whichin t u r n  

re fers  t o  D i v i s i o n  48 - Dwell ings and Acces.sory Bul ld ings .  D i v i s i o n  48 con- 

cludes i t s  d iscussion on r o o f i n g  w i t h  t h i s  statement: "The Department may 

approve any other  type o f  roo f  covering i f  i t  f i n d s  t h a t  such roo f  coyer ing i s  

equal i n  d u r a b i l i t y ,  s t rength  and weather res is tance t o  any o f  the  types 

s p e c i f i e d  i~ t h i s  Section." F i r e  resi'stance 5s not  mentioned. 

Another exception l i ' s ted  i n  Sect ion 91.3202- i s  p l a s t i c  mater ia ls .  "Corrugated 

sheets" o f  code-approved p l a s t i c s  are permi ' t ted f o r  use a s .  roo f  coverings where 

roofs are n o t ,  requi red t o  be f i  re-retardant . .  The approval process i s  de ta i  l ed  . 

i n  D i v i s i o n  16 - P las t i cs .  Un l ike  o ther  codes, no area l i m i t a t i o n s  are  speci- 

f i e d  f o r  t h i s  type of i n s t a l l a t i o n .  The s i n g l e  area and aggregate area l i m i -  

t a t i o n s  as i n  the  o ther  codes, apply on ly  t o  c e r t a i n  approved p l a s t i c s  which 

are used i n  roofs which are requi red t o  be f i r e  re tardant .  

The Nat ional  F i r e  Code d i f f e r s  from the o ther  codes a l ready discussed. The 

"Suggested F i  re-Res i s t i  ve Roofing Ordi'nance", Vol . 4, p. 203-4, speci f i cal1.y 

p r o h i b i t s  roo f i ng  ma te r ia l s  o f  less than. Class :C r a t i n g ,  as determined by 



 underwriter,^ Laborator ies,  Inc., f o r  use i n  dwel l ings.  L i s t i n g s  of i nd tv idua l  

roo f ing  mater ia ls  w i l l  be found On the  U.L. B u i l d i n g  Mater ia ls  L i s t .  'Wood 

shingles are also  proh ib i ted .  

The se lec t i on  o f  the  ma te r ia l s  which compose the RPM w i l l  be subject  t o  these 

r e s t r i c t i o n s .  For ma te r ia l s  no t  ra ted by UL a  se r ies  o f  t e s t s  i s  noted: 

"Methods o f  F i  r e  Tests o f  Roof Coverings, NFPA No. 256." These t e s t s  w i  1 1  

determine a  ma te r ia l s '  a c c e p t a b i l l t y .  

P l a s t i c s  are addressed i n  Appendix A, "Recommendations on p l a s t i c s  i n  Bu i l d ing  

Codes and Standards NFPA No. 220M". This appendix. l i s t s  a d d i t i o n a l  standard 

f i r e  t e s t s  which should be app l ied  t o  p l a s t i c s .  P l a s t i c  as a  r o o f i n g  ma te r ia l  

i s  no t  discussed. I t  must, there fore ,  be assumed t h a t  the. t e s t s  f o r  roo f  cov- 

e r ings  would apply i n  determining whether t h i s  would be an acceptable ma te r ia l  

f o r  t h i s  type o f  i n s t a l l a t i o n .  

For the  great  m a j o i r t y  o f  app l ica t ions ,  the  physical  composition o f  sh ing le  

pho tovo l ta i c  modules w i l l  make l i t t l e  d i f f e rence  i n  t h a t  a  f i r e  r a t i n g  i s  no t  

o r d i n a r i l y  required f o r  detached residences a t  l eas t  12 f e e t  apart.  Despite 

t h i s ,  a p p l i c a t i o n  o f  the  same module may be desi red f o r  a  d i f f e r e n t  occupancy 

o r  f o r  use i n  a  f i r e  zone, and may the re fo re  requ i re  a  f i r e  r a t i n g  (determined 

by acceptable t e s t i n g  procedures). Conventional roof coverings are usua 1 l y  

composed o f  layers  o f  s i m i l a r  mater ia ls ,  forming a  f i a r l y  uni form product.  

The sh ing le  module c u r r e n t l y  under development i s  comprised o f  laminat ions o f  

various mater ia ls  both combustible and non-combustible. Making a  judgment 

about the flame-spread o f  a  sh ing le  module based on i t s  most o r  l eas t  combus- 

t i b l e  component has no meaning because of the  t e s t  procedures involved i n  the  

r a t i n g  system. Candidates f o r  an A, B, o r  C r a t i n g  must wi thstand an i n f e r -  

mediate flame t e s t ,  a  burning brand t e s t ,  and a  flame spread t e s t ,  a l l  o f  which 

requ i re  t e s t  samples composed of a  number o f  sh ing le  elements attached t o  wood 

decking represent ing a  t y p i c a l  r o o f i n g  i n s t a l l a t i o n .  ASTM E-108, UL 790 and 

NFPA 256 tes ts  are near l y  i d e n t i c a l  and requ i re  t e s t  samples f o r  the f i r s t  two 

tes ts  t o  be 3'-4" x  4'-4". The flame spread t e s t  requ i res  a  4'-4" x  13'-0" 

sample. No s i n g l e  component o f  t he  roo f ing  elements are tes ted separate ly  bu t  

the e n t i r e  in-p lace const ruc t ion  must w i ths tand the  t e s t .  Although PV sh ing le  

modules conta in c e l l u l o s i c  and syn the t i c  rubber ma te r ia l s  whlch can burn, t he  



hexagonal g lass cover i s  the  on ly  ma te r ia l  which i s  exbosed on the  roo f  sur face 

o ther  than the edge thickness o f  the  f l e x i b l e  substrate which i s  o r d i n s r i l y  

overlapped. Because o f  t he  incombustibi 1 i t y  o f  the  glass covers, t he  f i r e  

r e s i s t i v i t y  o f  t he  sh ing le  .elements could be. l a r g e l y  enhanced. It must be 

recognized t h a t  the s t a r t e r  courses o f . t h e  shingles has h a l f  hexagons o f  ex- 

posed hypalon. These small areas would be more vulnerable to. f i r e  and could 

mo're readi l y  spread flame t o  the  under ly ing wood deck. 

J; .L J; 

Summary: The Resident ia l .  Photovo l ta ic  Module, I n s t a l l e d  on the  roof o f  a one 

o r  two fami l y  dwel l ing,  i n  e i t h e r  the  d i r e c t  o r  i n t e g r a l  mounti,ng, may be re- 

qu i red  t o  conform t o  e x i s t i n g  b u i l d i n g  code r e s t r i c t i o n s  . . f o r  roo f  coverings. 

This being the case, those provi.stons o f  t he  selected codes bear ing on t h i s  

sub jec t  have been reviewed. The evaluat ions by the  model codes and c i t y  codes 

o f  mare r ia l s  used as r o o f  coverings are general l y  consi 'stent,  a t  l eas t  as they 

r e l a t e  t o  one and two famt l y  r e s t d e n t i a l  construct ion. '  I ncombus t ib i l i t y  o r  

res is tance t o  f i r e  i s  by and large,  not  required. The probabi 1 i t y  o f  conf l a -  

g r a t i o n  and associated dangers, common w i t h  m u l t i - f a m i l y  o r  h igh  dens i ty  r e s i -  

d e n t i a l  const ruc t ion ,  which d i c t a t e  severe code requirements and r e s t r i c t i o n s  

are not present i n  low dens i ty  neighborhoods o f  one and two fami l y  detached 

dweelings. As a r e s u l t ,  a l l  codes considered, w i t h  the except ion of the 

Nat ional  F i r e  Code, are reasonably l en ien t  i n  t h e i r  demands. .The NFPA being 

concerned almost e x c l u s i v e l y  w i t h  f i r e , p r e v e n t i o n  and prote&ion,  i t s  requ i re-  

ments f o r  roo f  'coverings are understandably more severe.. The NFPA, a lso ,  i s  

more or ien ted- toward  commercial, i n d u s t r i a l  and ins t i . t u t i ona1  cons t ruc t i on  

than toward one and two fami l y  dwel l ings.  

. . 
The r e s t r i c t i o n s  on p l a s t i c s  used i n  roo f tng  are o f  two general types. F i r s t ,  

each code requi res t h a t  any i cs planned f o r  use i n  roo f  i ng 'must mee,t 

minimum proper t ies  - usua l l y .  flame spread o r  f l ammab i l i t y  -, i n  o rder  t o  be 

considered, i n  code language, "approved p las t t cs " .  The p l a s t i c  must be tes ted  
'L - . . 

by a na t iona l  ly-recognized se rv i ce  - Underwri ters ~aborator ie:;  ' f o r  example - 
i n  conformance w i t h  t e s t s  s t i p u l a t e d  by the  code - ASTM D635,,Standard Test 

Method f o r  Rate o f  Burning and/or Extent and Time o f  Burning of Self-Support ing 

P l a s t i c s  Fn a Hor izonta l  P o s i t i o n , . f o r  example. 

Even a f t e r  approval, the  area o f  the  p l a s t t c  ma te r ia l  i s  l i m i t e d  by the,code. 



The l i m i t s  vary s l i g h t l y  among the  d i f f e r e n t  codes., but  a r e . u s u a l l y  a maxi- 

mum area stat'ed as a percentage o f  the  roo f  area o r  a percentage o f  the f l o o r  

area o f  the dwell. ing.' A residence o f  2,000 square f e e t  would be l i m i t e d ,  f o r  
. . . . 

example, t o  be'tween 400 and 600 square f e e t  o f  approved p l a s t i c  mounted i n t e -  

g r a l  l y  w i t h  t h k '  roo f .  

ROOF STRUCTURES 

For t h i s  study, i t  was assumed t h a t  the RPM i s  t o  be i n s t a l l e d  on one o r  two 

fami l y  residences by e i t h e r  a rack o r  s tando f f  device (see Appendix 13 - 
Mounting Type Conf igura t ions) .  A1 1 th ree  codes--BOCA, SBCC and ICBO--along 

w i t h  the codes f o r  the  C i t y  o f  P i t t sbu rgh  and Los Angeles were s tud ied  t o  de- 

termine the r e l a t i o n s h i p  o f  a roof-mounted RPM'to code requirements f o r  roo f  
! . . .  - . 

mounted ' s t r u c t i r e s  on ' res ident  i a 1  constructi 'o'n. 
I . _  .. 

To begin th i 's  sec t ion ,  i t  i s  important t o  e s t a b l i s h  a few d e f i n i t i o n s  t o  avoid 

confusion. According t o  bo th  BOCA an.d SBCC the  d e f i n i t i o n s  o f '  r o o f  s t ruc tu re ,  

penthouse and a d d i t i o n a l  s t o r y  a re  as fo l lows:  A. r oo f  s t r u c t u r e  i s  "an 

enclosed s t r u c t u r e  on o r  above the  r o o f  o f  any p a r t  o f  a bu i  lding".  A pent-  

house i s  "an enclosed s t r u c t u r e  above the  roo f  o f  a b u i l d i n g  o ther  than a roo f  

s t r u c t u r e  o r '  bu l  khe'ad, occupying not  more than 33-1/3% o f  the roo f  area." An 

addi t iona 1 s t o r y  can" be def ined as "any enclosed. s t r u c t u r e  cover ing  an area 

greater.  than, 33-1/3% o f  t he  roof aria1'. The I C B O  does no t  s p e c i f i c a l  l y  de f i ne  

any o f  the  above items, bu t  f o r  the purpoje o f  t h i  s repor t  .:the,.:three .cddes. w i  1 1 

be cons i dered synonomo"s. 

I n  the d iscussion o f  the requirements f o r  the s tando f f  o r  rack mounted RPM, 

the f i r s t  i tem t o  be  determined i s  whether ' the  RPM i s  more l i k e l y  t o  be con- 

s idered a " roo f  s t ruc tu re "  o r  "penthouse". Due t o  the  probable area requi re-  
2 ments o f  the RPM f o r  a dwe l l i ng  (1,'000 f t . )  i t ' a p p e a r s  l i k e l y  t h a t  the 

33-1/3% l i m i t  o f  coverage f o r  a penthouse w i l l  be exceeded by the roo f  mounted 

RPM. The RPM w i  1 1  most 1 i k e l y  then be considered a " roo f  s t ruc tu re . "  

The BOCA Code s ta tes  i n  Paragraph 925.5 and 925.10 t h a t  the roo f  s t r u c t u r e  

s h a l l  confqrm t o  the requi  rements f6r bui  l d i n g  type. o f  the  bu i  l d i n g  to 'wh ich  

they a r e  accessory; The SRCC i n  Paragraph 717.2(a) s ta tes  e s s e n t i a l l y  t.he 

same requirements as does the I C B O  i n  Sect ion 3601 (d). Assumptions can be 

made i n  t h i s  l i g h t .  Roof s t ruc tu res  constructed t o  the standards o f  the  



bu i ld ings  t o  which they are a pert:should s a t i s f y  - t'he code requirements. 

Add i t i ona l l y ,  they should conform t o  requirements f o r  wind, snow, seismic . 

loads, as we1 1 as 1 i ve  and dead 1 oads . 
If roof  s t ruc tures are categorized as an addi t tonal .  s to ry  -- as they are i n  

BOCA Paragraph 925.5 -- the m'infmum a1 1,owable construct ion type f o r  the dwell-  
., : . , 

ing may be revised. , For example, i f  a .  two-story residence i s  defined as 

three s to ry  due t o  the i n s t a l  l a t i o n  o f  '4 ?iandof f  br rack  mounted RPM, BOCA , . 

i n  Table 305, Height and Area L imi ta t ions o f  Bui ldings, requires a change from 

Type 48 Unprotected Frame Construction t o  Type 4A Protected Frame Construction. 

The e f f ec t s  o f  t h i s  rev is ion  can'bedetermfned b y  reviewing Table 214, F i r e  

Resistance .Ratings o f  structu.ra1 Elements, i n  the,  BOCA Code. 

Some o f  the areas a f fec ted by t h e  C o n s t r u c t i o n . ~ . ~ ~ e ' r e v i s i o n  fo l low. Type 4A 

'Construct ion I s  required t o  have a Class C ra ted roof  covering; t t ierefore, any 

materi a1 used as a roof  covering must have been class i f ied C 1 ass "C" 'by a 

recognized . tes t ing laboratory --- Underwri.ters Laboratories, f o r  example -- o r  

tested i n  accordance w i t h  roof  'covering standards 1 i s t ed  i n  Appendix G o f  the 

Code. Since the RPM must' be considered t.he roof  covering o f  the " t h i  rd  story"  

as a r esu l t  o f  the re -de f i n i l i on  caused by parag'raph 925.5, i t  must car ry  a 

Class C rat ing.  This requirement w i l l  have a severly l i m i t i n g  e f f e c t  on the 

se lec t ion  o f  mater ia ls f o r  the RPM, espec ia l ly  th'e cover mater ia l .  Fortu- 

nately,  t h i s  chain o f  reasoning applfes on ly  t o  standoff  o r  rack mounted RPM1s 

and then only ,if they are i n s t a l l e d  on a. two-story residence and judged t o  be 

a t h i  r d  story.  

. 
Type 4A - .Protected Frame Construct ion - a1 so requi res tha t  ce r ta in  other f i r e  . . 
resistance rati'ngs be compl ied  wf th. The .roof s t r u c t u r e  and f l o o r  s t ruc tu re  

are required t o  car ry  a one-hour f f r e  r e s i s t i v e  ra t ing.  As a resu l t ,  addi- 

t i o n a l  expense i s  introduced t o  the f ab r i c  o f  the dwel l ing beyond what can 

normally be expected f o r  the i n s t a l l a t i o n  o f  the RPM. Type 4B Construction - 
Unprotected Frame - does not  car ry  these r e s t r i c t i o n s  on f l o o r  and roof  assem- 

b l  ies o r  the 'requi rement o f  ~1,ass C roof  cover'ings. The roof  covering re- . 

s t ruc t ions  are i n  e f f e c t  f o r  a l l  s t ruc tures whether w i t h i n  the "F i re  Limits"  

o r  not. F i r e  l i m i t s  are defined i n  Paragraph 301.2 as comprising "...the 

areas containing congested bustness, commercial, manufacturing and i ndus t r i a l  



uses o r  i n  which such uses are developing." Residential construct ion, i t  can 

be seen, would not normally be contained w i t h i n  the f i r e  l i m i t s .  

I n  the ICBO,  the aggregate area o f  penthouses and roof  st ructures i s  1 i m i  ted 

i n  Section 3601 (b) , t o  no more than 33-1 /3% o f  the area o f  t h e  support i ng roof. 
. . 

This suggests tha t  greater c o ~ e r ? ~ e '  q"a1i f les t hes t ruc t ' u re  as an addi t iona l  

stbry.  I n  any event', as sect i o n  3601 (d) . requlres tha,t roof  s t ruc tur&s ". . . 
sha l l  be constructed w i t h  wal l s ,  f l oo r s  and roof  as.'requi r e d  for  the main por- 

t i o n  o f  the Building,'' e i t h e r  i n t e rp re ta t i on  w i  11 have the same resu l t .  

: , . , % . t . , . . c .  ': < ' 

The ICBO'in  able SD, ~aximum Height of Bui ldings, pe rmi ts  R-3 occupancy 

bui ld ings (one and two fami l y  dwel.1 . i n g i )  . t o  be constructed t o  the height o f  

. three s to r i es  using Type VN Construction ( IN' meaning no general requi rements 

f o r  f i r e  resistance). The add i t i on  o f  a t h i r d  s to ry  t o  a two-family dwel l ing 

does not r esu l t ,  a s . i t  d i d  i n  the BOCA Coae, i n  a change t o  a more r igorous 

"Type o f  Construction". Therefore, the conclusions a r r i ved  a t  i n  invest igat -  

ing the' code's e f f e c t  on i n teg ra l  o r  d i  rect-mounted RPM1s would be appropriate 

here. I n  the standoff  o r  rack-mounted .RPM which i s  judged by the code t o  be 

another s tory ,  the array would be in terpreted as a roof  covering. 

The rack o r  standoff  mounted RPM might a lso conceivably be in terpreted as 

s im i l a r  enough t o  an outdoor d isp lay  s t ruc tu re  o r  s ign t o  subject i t  t o  the 

provisions o f  the codes which deal w i t h  t'hese elements. BOCA and SBCC deal 

w i t h  the subject near ly i d e n t i c a l l y  whi le  the I C B O  does not address signs a t  

a l l .  Nei ther code provides a s t r i c t  d e f i n i t i o n  of what const i tu tes  a sign 

though the SBCC includes i n  Paragraph 2307.1 "sign" as pa r t  o f  i t s  deT in i t i on  

for Outdoor Advert is ing Displays. BOCA de f ines  roof  s ign as "A d isp lay  sign 

which i s  'erected, constructed and maintained above the roof  o f  a bu i ld ing. "  

Both codes p roh ib i t  the use o f  combustible mater ia ls i n  roof  signs. BOCA, 

Section 1410, Roof Signs; SBCC Section 2303. There are exceptions, however, 

i n  both codes. BOCA permfts the use o f  combustibles (Paragraph 1408.6.1) as 

ornamental features, and approved (paragraph 1408.6.2) sign facings 

t o  the l i rni  t of 100 square feet .  The SBCC requires tha t  roof signs sha l l  be 

constructed ent  i re1 y o f  s tee l  except tha t  ". . .ornamental moul d'ing and battens 
. , 



behind the s tee l  fac ing  and the  decorat ive l a t t i c e  work may be of wood con- 

s t  r u c t  ion" (Paragraph 2303.2 (b) . Paragraph 2304 perm? t s  the  use o f  approved 

p l a s t i c s  def ined i n  the  Paragraph f o r  'I.. .d i sp lay  'surface mate r ia l  .'and f o r  the  

l e t t e r s ,  decorat ions and fac ings on signs...". ' .  The area o f  p l a s t i c  a l lowab le  

on "d isp lay  surface(s)I t  may not  exceed 1100' square fee t .  
. . 

Another requirement o f  both codes p e r t i n i r i t  t o  roo f  si.gn const ruc t ion  i s  t h a t  

the  s ign  be mounted no less than s i x  f e e t  above the  roof .  I f  the  RPM i s  judged 

then by the code requirements f o r  signs, the  r e s t r i c t i o n s  on m a t e r i a l s ,  s i z e  

and p o s i t i o n i n g  w i l l  have a s i g n i f i c a n t  e f f e c t  on t h e  poss ib le  choices a v a i l -  

able t o  the designer. . . 

The i n t e g r a l  mount RPM could conceivably be in te rp re ted  as simi1a.r eno,ugh t o  

s k y l i g h t s  t o  make compliance w i t h  the  code requirements f o r  s k y l i g h t s  neces- 

sary. I f  the  cover ma te r ia l  I s  p l a s t i c  the f o l l o w i n g  requirements for sky- 

l i g h t  assemblies glazed w i t h  p l a s t i c  would be,appropr ia te .  I n  a l l  th ree codes, 

the  framing mate r ia l  need nbt  be non~combusti 'b le. The area o f  p l a s t i c  w i t h i n  

each u n i t  i s  l i m i t e d  t o  100 square fee t  and the maximum aggregate amou'nt i n  

a1 1 s k y l  i ghts no greater  than 25% o f  the  . f l o o r  area o f  t h e  room o r  space 

she l te red by the roof .  The SBCC requirements are d i f f e r e n t  i n  t h a t  i t  al lows 

300 square fee t  per  u n i t  when the p l a s t i c  i s  Class CC1 - as def ined i n  Para- 

graph 2601.2, D e f i n i t i o n s  - and 33-1/3% maximum aggregate amount when s k y l i g h t s  

are  Class CC-1 p l a s t i c .  A l l  th ree codes r e q u i r e . t h a t  there  be a separat ion 

between u n i t s  o f  not  less than f o u r  fee t ,  and t h a t  u n i t  be mounted a t  l e a s t  . 

f ou r  inches above the  plane of t h e  roof .  Fur ther ,  the  SBCC and ICBO requ i re  

t h a t  p l a s t i c  g laz ing  used i n  s k y l i g h t  cons t ruc t i on  have edges pro tec ted w i t h  

metal o r  a non-combustible mater ia l .  

I n  the event t h a t  glass i s  used as a component o f  the  RPM and compliance w i t h  

the regu la t ions  f o r  s k y l i g h t s  i s  required, d i f f e r e n t  considerat ions are i n  

e f f e c t .  A1 1 three codes requ i re  t h a t  g lass used i n  sky l  i g h t s  be wi reglass, 

the I C B O  a1 lowing the use, a lso,  o f  tempered glass, minimum 7/32" th i ck .  The 

on ly  allowance o f  p l a i n  g lass i s  f o r  s k y l i g h t s  "...placed over sha f t s  and 

s t a i  r enclosures.. .I1 6r ". . .used f o r  emergency heat and smoke ventings.. .I1. 

There i s ,  however, the add i t i ona l  requirement t h a t  the  p l a i n  glass be pro-  

tec ted a b w e  and below by mesh screen o f  non-combustible construct ion.  C lear ly ,  



then, a code i n t e r p r e t a t i o n  t h a t  caXegorizes an RPM as a s k y l i g h t  . . w l l l  have a 

se r ious l y  - 1  im i ' t ing  e f f e c t  on the  const ruc t ion  and i n s t a l  l a t i o n  of the un i t s .  

The C i t y  df P i t t sbu rgh  B u i l d i n g  Code does no t  s t r i c t l y  de f i ne  roo f  s t ruc tu res  

but  does s t a t e  t h a t  they .must occupy less than 50% o f  the gross area o f  the 

bui l d i n g  o r  they are considered another s t o r y  (Sect ion 3001). L i ke  the model 

codes, the const ruc t ion  ma te r ia l s  o f  any roof s t ruc tu res  must be consistent  

w i t h  the. requi rements o f  the  code f o r  the  occupancy on which the  s t r u c t u r e  i s  

placed. 

This code's requirements f o r  s k y l i g h t s  (Sect ion 2902) are cons is ten t  w i t h  those 

o f  BOCA and SBCC. ' Generally,, g laz ing  must. be w i r e  g lass,  though p l a i n  g lass 

i s  permi t ted  i f  pro tec ted above and below w i t h  w i r e  mesh. There are no re- 

s t r i c t i o n s  on framing mater ia ls .  Glazing ma te r ia l s  o the r  than glass, p l a s t i c  

f o r  .example, a re  nbt addressed. 

Signs are t rea ted  i n  the ~ i t t s b u r ~ h  Code s i m i l a r l y  t o  the model codes. Sec- 

t i o n  3608(b) s ta tes  t h a t  signs, includi.ng upr igh ts ,  supports and braces s h a l l  

be an incombustible ma te r ia l  except t h a t  approved p l a s t i c s  -- as def ined. in'] 
Section 3607(b) -- may. be used as fac ing ma te r ia l ,  l e t t e r s  and decorat ions on 

signs t o  the  1 i m i  t s  o f  575 square feet~.. I n  d isp lay  areas over 100 square f e e t ,  

p l a s t i c  must no t  exceed 100 square f e e t  p lus  25% o f  t h e  d i f f e rence  between 100 

squa're' feet.  p lus  25% of ,  the  d i f f e rence  between 100 square f e e t  and the area 

o f  t he 'd i sp lay '  surface. Decorat ive l a t t i c e  and moldings may be o f  wood. 

Roof s igns erected on roofs o f  wood const ruc t ion  must have the  support ing 

members attached t o  and supported e n t i r e l y  by masonry, concrete o r  s tee l  

const ruc t ion .  Th is  i s  a s i g n i f i c a n t  departure from the requirements o f  model 

codes ' f o r ,  roo f  signs. ' Add i t iona l  l'y, sigis must be constructed t o  have not  

less than f i v e  f e e t  between roo f  and lowest p a r t  o f  the  s ign.  

The 'LOS Angeles C i t y  code i s  s i m i l a r  t o  the model codes i n  i t s  treatment o f  

the sub jec t .o f  roof s t ruc tures .  Sect.lon 93.3601(b) o f  D i v i s i o n . 3 6  - Roof 

Structures s t t p u l a t e s  t h a t  the . .  aggregate . area o f  a l l  penthouses and roo f  

s t ruc tu res  s h a l l  no t  exceed 33-1/3% of the  f l o o r  area she1 te red by the. roo f .  

I f  they do, they are t o  ''...be included I n  the he ight  o f  and s h a l l  conform t o  

the const ruc t ion  requtrements o f  the b u r l d i n g  upon which i t  i s  erected." There- 

fore,  roof s t ruc tu res  are  t rea ted  as 'another  s tory . '  This requirement i s  the 

same as' a l l  .model codes. 



Table 17-A es tab l ishes a he ight  l i m i t a t i o n  o f  three s t o r i e s  o r  5 0 , f e e t  f o r  

Type V (wood frame) construct ion.  Therefore; unless the RPM i s  i n s t a l  l e d  on 

the  roof  o f  a th ree  s t o r y  dwel l ing ,  i t s  components w i l l  not  be required t o  be 

f i r e  r e s i s t i v e .  

Th is  code's requi rements far sky1,ights d i f f e r  somewhat from those o f  the  o ther  

codes discussed. The maximum . .  aggregate . area f o r  w i reg lass  glazed s k y l i g h t s  

( sec t i on  .91.3606(b)) i s  40% o f  t h e  f l o o r  area she l te red by the  roo f  upon which 

they are erected, unless the  g laz tng .mater ia l  i s  a code approved p l a s t i c -  (see 

D i v i s i o n  61, P l a s t i c s ) .  If the p l a s t i c  i s  .approved, .the l i m i t  drops t o  25% 

and the maximum area f o r  i nd i v tdua l  s k y l i g h t s  i s  ,100 square fee t .  P l a i n  g.lass' 

i s  no t  , included as an acceptable, g laz ing  ma te r ia l .  

As i n  the I C B O  and SBCC, p l a s t ' i c  g laz ing  f o r  s k y l i g h t s  must have i t s  edges 

-p ro tec ted  by.meta1 o r  non-conbustible .mater ia l .  The code a l s o .  requires t h a t  

sky1 i ghts be constructed t o  comp1.y wi t h  roo f  loading requi rements of the 

code. Group R Occupancies ( res ident  i a1 ) are  the subject  o f  Sect ion  91.3603 (h) . 
Th is  sec t ion  expressly permi ts  the  use of wood as sash mate r ia l  f o r  s k y l i g h t s  

i n  'Group R bui  ld ings.  

Roof signs are t rea ted  much the same as by the  P i t t sbu rgh  Code. They must be 

constructed o f  incombusti b ' le mater,i a1 o r  approved p l a s t i c ,  though wood i s  per- 

m i t t e d  f o r  use i n  mouldings and b locking.  Un l ike  the  o the r  codes, however, 

the  Los Angeles Code s t i p u l a t e s  - Table. No. 52A - the s ize ,  th. i  ckness, and 

type o f  glass panels which nay.be used i n  s,igns. 

Summary: The Residentia.1 Photovo l ta ic  Module may be. judged f o r  code compliance 

on the basis '  o f  e x i s t i n g  requirement? f o r  s imi  l a r  elements i n  r e s i d e n t i a l  con- 

s t r u c t  i on. Some categor ies f o r  cons idera t ion  are penthouses,. roof s t ruc tu res  , 
s k y l i g h t s ,  and signs. These a re .espec ia l l y  appropr iate f o r  s tandof f  and rack 

mounted modules. 

A l l  f ou r  categories have been inves t iga ted  t o  determine how code requirements 

f o r  these elements might a f f e c t  the. design o f  the RPM i f  i t  were judged f o r  

compliance on t h i s  basis. O f  these, one i's-more I ' i k e l y  than. the  others t o  

form the basis f o r  a code o f f i c i a l ' s  judgement of the a c c e p t a b i l i t y  o f  the RPM. 



I t  i s  improbable t h a t  an RPM.could be expected t o  comply w i t h  the  requirements 

f o r  the roo f  mounted signs. The module i s  ne i  the; a  d i s p l a y  nor .  a  veh i c le  f o r  

adver t i s ing .  A d d i t i o n a l l y ,  s ince penthouses are  usua l l y  def ined as occupying 

33-1/3% o r  less o f  the r o o f  area and the  RPM undoubtedly occupies more, code 

requirements f o r  penth0us.e~ should no t  be app l icab le .  Although an i n t e g r a l l y  

mounted RPM might resemble a  s k y l i g h t  f rom. the  e x t e r i o r  o f  a ' .dwel l ing,  i t  i s  

not  t ransparent  o r  t rans lucent  and f u l f i l l s  an e n t i r e l y  d i f f e r e n t  func t ion .  

Roof s t ruc tu re ,  def ined as an enclosed s t r u c t u r e  on or .above the  roo f  o f  any 

par t .  o f  a  b u i l d i n g ,  i s  the most appropr ia te  e x i s t i n g  element i n  r e s i d e n t i a l  

cons t ruc t i on  by which t o  judge.code compliance o f  t he  s tando f f  o r  rack mounted 

RPM; . . .  . .. L 

The codes reviewed a  1 1 address the requi r e m n t s  f o r  roo f  s t ruc tu res .  Genera 1 l y  , 
they must be constructed o f  ma te r i a l s  which are  cons is ten t  w i t h .  the  requirements 

f o r  the b u i l d i n g  on which they  are .erec ted .  Other than the r e s t r i c t . i o n s  i n  

the use o f  p l  as t  i c  mater ia ls .  as .previous.l y  d i  scussed under "Roof Coverings" 

' and l a t e r  discussed under "Veneers'!, a  good deal o f  l a t i t u d e  i s  permi t ted.  

The on l y  except ion t o  t h i s  can be. found i n  the BOCA Code and i s  discussed i n  

the Body p o r t i o n  o f  t h i s  Section. 

Code compliance o f  the  RPM evaluated i n  t h e ' c o n t e x t  o f  the requirements f o r  

roo f  s t ruc tu res  should be read i . l y .a t ta inab le .  Roof s t ruc tu res  on one and two 

fami ly  dwe l l ings  need no t  be constructed o f  incombust ible ma te r i a l s .  They 

should conform, however, t o  the code requi rements f o r  wind,. snow, seismic 

1 oads and 1 i ve and dead 1 oads . 

VENEERS 

This sec t i on  deals w i t h  the  r e l a t i o n s h i p  o f  a  wall-mounted r e s i d e n t l a l  photo- 

vo l  t a i  c  module (RPM) t o  code requirements. f o r  e x t e r i o r  veneers. This  module 

i n s t a l  l a t i o n  technique,  a1 tho,ugh . n o t  s p e c i f i c a l  l y  out.1 i.ned i n  t h i s  repo r t ,  was 

consi dered t o  be simi l a r  enough. . t o  ..the . . in tegra l  o r  d i  r e c t  type t h a t  these 

could be used w i thou t  any d i f . f i c u l t i e s .  Again the  three model codes and two 

c i t y  codes were reviewed f o r  per t i .nent - i tems.  For the purpose o f  t h i s  review, 

the d e f i n i t i o n  of  veneer, as. def ined by a l l  o f  the code documents, i s  a  

fac ing a t t a c h e d . t o  a  w a l l  f o r  the purpose of  ornamen.tation, p r o t e c t i o n  o r  in -  

su la t i on ,  and not  t o  be calculated;.as. c o n t r i b u t i n g  t o  t h e . s t r e n g t h  o f  the  



w a l l .  I t  i s  a l s o  assumed t h a t  the  RPM i s  e i t h e r  a d i r e c t  o r  i n t e g r a l  mount. 

I n  t h i s  case, the RPM attached t o  the w a l l  s t r u c t u r e  o f  a dwel l ing  might be 

requ i red  t o  comply w i t h  code d i r e c t i v e s  f o r  e x t e r i o r  w a l l  veneers. .The d e f i -  

n i  t i o n s  i n  the SBCC and ICBO make i t  c l e a r  t h a t  e x t e r i o r  veneers are  requ i red  

t o  ca r ry  only the i r 'we igh t .  The RPM would not  then be required,  f o r  example, 

t o  f u l f i  1 1  the s t r u c t u r a l  purpose. o f  sheathing o r  bracing i f  i n s t a l  l ed  i n  wood 

frame construct ion.  The lCBO.states..in Sect ion 3004 t h a t  "Veneer s h a l l  sup- 

p o r t  no load o the r  than i t s  own weight and the v e r t i c a l  dead load o f  veneer 

above." The SBCC concurs i n  t h i s  and f u r t h e r  s t i p u l a t e s  i n  paragraph 1414.1 

(b) 'I.. . ne i the r  s h a l l  it be assumed t o  add t o  the s t rength  o f  t he  w a l l  .I1 The 

BOCA Code, P i t t sbu rgh  Code, and Los Angeles Code deal w i t h  veneers i n  much the  

same way. Therefore, since the RPM i s  not  sub jec t  t o  the  code requirements 

based on s t r u c t u r a l  loading, a greater  number o f ' o p t i o n s  i n  i t s  design may be 

possib le.  

E x t e r i o r  w a l l  veneers, l i k e  roo f  coverings, need not  be of noncombustible 

ma te r ia l s  on s t ruc tu res  whose w a l l s  are not  requ i red  t o  ca r ry  a f i r e  res i s -  

tance ra t ing .  This can b e d e t e r m i n e d b y  r e v i e w i n g ~ a b l e 2 1 4  i n  theBOCA 

Code o r  Tab1:e 5A i n  the  I CBO . Therefore, s ince the  w a l l  o f .  one 

and two fami ly  dwel l ings are  no t  requ i red .  t o  be f i r e - r e s i s t i v e  ( a l l  codes 

agree on t h i s )  an RPM i n s t a l l e d  on.. t h a t  w a l l  needn't  be f i r e  r e s i s t i v e .  

There are, t,owever, spec ia l  requirements which app1.y t o  the  wall-mounted RPM 

i . f . p l a s t i c s  Are used i n  i t s  construct ion.  Jus t .as  was the  case w i t h  p l a s t i c  

roo f  panels 'and p l a s t i c  s k y l i g h t s ,  .on ly  "approved p last ics l ' .may be used i n  

w a l l  panels. The BOCA Code s ta tes  , i n  Sect ion 2003.0, Ex ter io r .Wal1  Panels, 

t h a t  "...approved p l a s t i c m a t e r i ' a l s  may. be used as w a l l  panels, i n  e x t e r i o r  

w a l l s  not  required t o  have a , f i r e  res is tance r a t i n g  ..." This  statement i s  

cons is ten t  w i t h  the  i n t e n t i o n s  of the  o the r  codes. Nevertheless,. the maximum 

s i n g l e  area . . as w e l l  as aggregate area.are  l i m i t e d  by a l l  t h e  codes. The SBCC, 

f o r  example i n  Table 2603.1, a l lows f o r  a maxlmum o f  10% of the area o f  the  

e x t e r i o r  wa i l s  t o  be approved p1asti.c m a t e r i a l  if i.t i s  c l a s s i f i e d  C C - I  and 

.the F i r e  Separation - - ' t h a t  i s  'd is tance -- between.dwel l ings i s  more than 

s i x  f e e t  but  less than eleven fee t .  The maximum a1 lowable squa.re footage o f  a 

s i n g l e  area of p l a s t i c  i s  50 square fee t .  The a l lowab le  areas increase as the  

f i re separat ion increases t o  "over 30 feet". The areas, then,, perm; t t e d  by the 



SBCC are 30% and 300 square feet.  The v e r t i c a l  separat ion between the  panels 

i s  three o r  four feet depending on the  c l a s s i f i c a t i o n  o f  the p l a s t i c .  C lear ly ,  

then, the F i r e  Separation w i l l  have a s i g n i f i ~ d r l t  e f f e c t  on the  use o f  p l a s t i c  

ma te r ia l s  i n  the  w a l l  mounted RPM s ince i t  d i c t a t e s  so d i r e c t l y  the a l lowable 

area of p l a s t i c .  The code c l a s s i f i c a t i o n  o f  the  p l a s t i c  can a l so  have an 

e f fec t  on a1 lowable areas. Again referring t o  Table 2603.1 i n  the  SBC, under 

the  Fi r e  Separation "11 fee t  o r  more but less than 30 fee t "  the maximum a1 low- 

able percentage o f  w a l l  area fo r ,C lass  CC-1 p l a s t i c  i s  25%, f o r  Class CC-2, 

15%. The maximum square f o o t  s i n g l e  area f o r  Class C C - 1  i s  90 square f e e t ,  and 

70 square fee t  f o r  Class CC-2. 

- .  " .> . - 2 : .  - * . . I  . . , , " I t ,  
:. .. . . 

, !  

The Los Angeles Code requi rements d i f f e r  from those o f  the o ther  codes and i n  

some respects are more r e s t r i c t i v e . .  For example, Sect ion 91.2903 s t i p u l a t e s  

t h a t  approved p l a s t i c  u n i t s  less than  3/16" t h i c k  are not  t o  exceed one square 

f o o t  i n  area. Those n e i t h e r  more ,than 1./2" nor less than 3/36" t h i c k  s h a l l  no t  

exceed fou r  square f e e t  nor  be greater  than fou r  f e e t  i n  any dimension. The 

aggregate area s h a l l  not  exceed 30% o f  the area o f  the wal.1 face o f  the s t o r y  

on which i t  i s  i n s t a l l e d  and be sep.arated v e r t i c a l l y  by noncombust'ible w a l l  

sur face t o  a he ight  o f  f o u r  fee t .  

- .  
A w a l l  mounted RPM which incorporates p l a s t i c s  i n  i t s  const ruc t ion  w i l l ,  i n  

a l l  l i k l i h o o d ,  be subjected t o  e x i s t i n g  code requirements t h a t  w i l l  s i g n i f i -  

c a n t l y  e f f e c t  , i t s  .design and accpetabi l i t y .  No o the r  ma te r ia l  s e l e c t i o n  wi 11 

have t h i s  e f f e c t  on the RPM. I f  p l a s t i c s  are, there fore ,  re jec ted  as a 
. . 

m a t e r i a l ' s  op t i on  i n  the  design o f  the  w a l l  mounted RPM, i t s  a c c e p t a b i l i t y ,  , 

under e x i s t i n g  code prov is ions ,  becomes more l i k e l y .  , 

There are  a d i f f e r e n t  set. of c r i , t e r i a  which bear on the  RPM.in the event t h a t  
. . ,  . . 

g lass i s  a component o f  the modu.le. .The BOCA Code, .P i t tsburgh Code, and SBCC 

t r e a t  t he  sub jec t  o f  glass veneers. - i n  much the same way -- BOCA, in,, Sect ion . . 

862.0 S t ruc tu ra l  Glass veneers, ' S B C ~ ~  paragraph. 1414.10 Glass Veneer. Both 

requ i re  t h a t  glass have a minimum t h i c k  &ss o f  11/32!', t h a t  the maximum a1 low- s ,.) . .  . #  , ,  

. , 

able area of a s i n g l e  p iece i s  ten  squa e fee* and maximum length  fou r  feet.  

As w i t h  o ther  veneer materials. ,  . .  s t r u c t  . . r a l  requirements beyond se l f -suppor t  
. . . . .  

a re  not  addressed. The Los Angeles Co e., on the  o ther  han.d,, appl ies  t h e  same 
. . - . , . . 

r e s t r i c t i o n s  o f  thickness and area,to-glass . . as i t  . does . t o  p l a s t i c .  



Glass used as a p a r t  o f .  the  e x t e r i o r  w a l l  o f  a dwel l ing  may, however, be more 

l i k e l y  required by the  .codes to.comply w i t h  the  r e s t r i c t ' i o n s  and guide- 

1 i nes f o r  g laz ing  ra the r  than g1.ass .veneers. Again, both. BOCA and SBCC deal 

w i t h  g laz ing  i n  the.same.fashion. The SBCC..states i n  parag.raph 2703.2: 

"For sa fe ty ,  g lass o r  g lass areas in .  c x t e r i o r  wa l l s ,  i n  screens, i n  p a r t i t i o n s ,  

and .in o ther  openings s u b j e c t . t o  wind loading s h a l l  be capable o f  w i ths tand ing 

the  wind loads as shown i'n sec t i on  1205.1 a c t i n g  e i t h e r  inward 'or . . outward. 

I n  the  case o f  regu lar  p la te ,  f l o a t  o r  sheet g1,ass.supported on . f o u r  sides, 

the  design f a c t o r  s h a l l  be no t  less than 2.5". This i s  a s i g n i f i c a n t  d i f f e r -  

ence from the c o d e  requi  rements f o r  p l a s t i c s  and g l a s s .  veneers. The ICBO . . 

exempts from i t s  requirements f o e  g laz ingGroup R ( . ~ e s i d e n t i a l )  Occupancies of- 

th ree s t o r i e s  o r  less. 

The Los Angeles code a l s o  exeinpts two and three s t o r y  r e s i d e n t i a l  bui ld ' ings ' . 

from the area l i m i t a t i o n s  and minimum g laz ing  requirements o f  Sect ion 91.1711, 

~ l a z i n g ' o f  Openings. That i s ,  provided t h a t  the  "...walls which c o n t a i n g l a s s '  

are no t  c lose r  t o  a p u b l i c  way than.one-half  the  v e r t i c a l  d is tance from the 

ground t o  the top  o f  the  glazed opening."' Glazing w i t h  approved p l a s t i c s  i s  

permi t ted  but no t  w i thout  r e s t r i c t i o n s .  . P l a s t i c  g laz ing  may not  exceed 30% 

o f  the  area o f  the w a l l  face o f  the s t o r y  i n ' w h i c h  i t  i s  i n s t a l l e d ,  f o r  

example, and must be i n s t a l l e d  i n  accordance' w i t h  Table No. 17E Minimum 

Glazing .'kequi rements. ~ssemb l  ies must be separated v e r t i c a l  l y  by f o u r  f e e t  

o f  incombustible w a l l  su r fac ing  and. above the  f i . r s t  s t o r y  a s i n g l e  pane o f  ' 

p l a s t i c  sha' l l  not  exceed twelve square f e e t  nor  three f e e t  i n  v e r t i c a l  dimen- 

sion. These requirements .are more.consistent  w i t h  those f o r  veneers, and 

create  s i m i l a r  problems. 

Summary: I f  the  w a l l  mounted Res ident ia l  Photovo l ta ic  Module i s  t o  be judged 

on the basis o f  code requirements f o r  veneers, some conclusions.can be drawn. 

As a veneer, t he  RPM need not  conform t o  code requi red s t r u c t u r a l  loading 

cr ' i  t e r i a  f o r  b u i  ] d ing  wa l ls .  There. are a l s o  no f i r e  res is tance requirements 

f o r  veneers. 

. . 

I f  glass o r  p l a s t i c  a re  among the  components. o f  the  module, .striSngent .code 

r,egulations w i  1 1  b e  appl ied. These take' t,he io rm of r e s t r i c t i o n s  on the  t o t a l  

area o f  glass o r  p l a s t i c ,  the maximum area of i nd i v idua l ,  glass or p l a s t i c  u n i t s  



and requirements t h a t  i n d i v i d u a l  u n i t s  be separated by a c e r t a i n  s p e c i f i e d  

minimum ,distance. The presence o f  gJass o r  p 1 a s t . i ~  may a l s o  r e s u l t ,  i n  the 

a p p l i c a t i o n  o f  the normal code requirements f o r  g laz ing.  The s ign i f i cance  o f  

t h i s  i s  t h a t ,  unl  i k e  veneers, g laz ing  i's . requ i red  t o .  wi thstand code mandated 

wind loading c r i t e r i a .  

LOAD CHARACTERITICS. 

This sec't ion deals w i t h  the  r e l a t i d n s h i p  of. the  roof 'mounted RPM t o  bui l d i n g  

code load'ing c r i . t e r i a  f o r  r e s i d e n t l a l  construct ion.  Again the th ree model 

codes -- BOcA, SBCC .and l CBO -- were. reviewed along w i t h  the  c i t y  'codes 'o f  . . 

P i t t sbu rgh  and Los Angeles. .The i n s t a l ' l a t i o n  o f  t he  RPM was considered t o  be 

e i t h e r  an i n t e g r a l ,  d i r e c t ,  s tandof f ,  o r  rack mount (see Apperidix 13 -.Mounting 

Types ~ o n f  i gu ra t i ons ) .  . l t should be 'no ted . tha t  .no s p e c i f i c  in format ion  was 

der ived here, due t o  the vast references t o  . loading charac ter i  s t  i cs throughout 

the code, documents. Rather, a. genera 1 d i  s c u s ~  i on i.s presented. 

A l l  model codes inves t iga ted address the  sub jec t  'of the  loading c r i t e r i a  which 

are t o  be used i n  designing the s t r u c t u r e  of a bu'i 1di.ng.. These 'c r i  t e r i a  are 

the r e s u l t  of three fac tors  :. . .geography, . use, const ruc t  ion. 

The geographi ca l  l oca t  i o n  o'f a .  bui  1 ding. determines' t he  code mandated va 1 ues 

f o r  wind loading, snow loading,. earthquake loading. The 'standard Bui l d i n g  

Code, f o r  example, char ts  the  'basic wlnd speeds in .  mi. l es  per  hour - Figure 

1205.1', which are app l icab le  i n  va.rious p a r t s  o f  the  ~ n i , t e d . ~ t a t e s .  These are 

then used, f o l l o w i n g  . . the  d i r e c t t o n s  i n ' - t h e  code, t o  determine' the design o f  

s t r u c t u r a l  members and systems p rov id ihg  ' t h e  s t a b i  1 t t y  f o r  t h e  bui  1 ding o r  

s t ruc ture .  

The L i ve  Load i s  d e f i n e d ~ i n  Sect ion 1203 o f  the  SBCC as "...the greates t  loads 

t h a t  probably w i l l  be produced by the  intended uses and occupancies..." o f  a 

bu i l d ing .  The L i ve  Loads which. are cbnsidered minimums by the  code are l i s t e d  

i n  Sect ion 1203. Roof l i v e  loads are se t  f o r t h  i n  Table 3203.7. 

The Dead Load o f  a bui  ld ing as def ihed i n  S e e t i o n  1202' of t h e  SBCC i s  In.. . the 
, . 

weight o f  a l l  permanent construct ion,.  such as f l o o r s ,  roofs, .permanent .par t i -  

t i ons ,  s ta i rways and wal ls."  . Table 3-1 contains a 1 i s t  o f  t h e w e i g h t s  o f  con- 
I 



s t ruc t i on  mater ia ls.  

The appl tcat ion o f  code-mandated.deslgn;loads t o  the RPM w i l l  vary  w i t h  the 
. . 

mounting type. The in tegra l  l y  mounted RPM should be des,igned as pa r t  o f  the 

roof  panel. Wind, snow-and earthquake l'oads would apply as wel.1 .as the re- 

qui  rements tha t  the RPM support, roof  :.l.ive loads. The except tons would be the 

area which ascribe t o  the BOCA Code o r  the.SBCC. The' BOCA,' i n  Section 7'18, 
. . 

excludes one and two fami 1 y - dwe.l.1 i ngs. from i t s  earthquake requl rements. The 

SBCC i n  Section 1206, requi res sei  site design only when '.'.local au thor t t  ies" 
, - 

c a l l  fo r  i t .  A .di'rect mount RPM, on the other hand, w i l l  be supported .by the- 

roof  s t ruc ture  and need not .be designed under the same constraints as the 

i n teg ra l  mount. !t w i l l  con t r ibu te . to :  the dead load on the roof  s t ruc tu re  as 

w i l l  the standoff  and rack mounted un i ts .  . . 

I f  the standoff and rack mounted RPH ' .~  were' t o  b e  in terpreted as fa1 1 ing wi th-  

i n  the requirements f o r  roof  mounted signs the code would d i r e c t l y  in f luence '  

the s t r uc tu ra l  requi rements for the -s,ign. BOCA addressed t h i s .  subject i n  . - 

Section 1408.2, Design Loads; SBCC i n  Section 3202, St ructura l  Requirements. 
. , 

The same i.s t r u e  i f  the RPM i s  tnterpreted as a roof ,s t ructure.  Generally, as 

i n  the Uniform Bui ld ing  Code. Chapter 36, roof s t ruc . ture i  are t o  be constructed 

i n  a manner ;onsistent . . w i t h t h e  requirements o f  the main por t ion  o f  the 

bui l 'd ing,  that  is:, i.n compliance w i t h . a l 1  dead and. l i v e  load requirements'and 

the informat ion provided on, wind; snow. and earthquake loading. 

The successful integrat,ipn . . .  o f >  a roof-mounted RPM wi l l .depend, not on.ly on i t s  

abi 1 i t y  t o '  res i s t  envi ronmental c0nd.i t ions and loads, but a l so  'the character- 

i s  t i c s  o f  i t s  own: ?nd conf,lguyat ion. These t io 'a reas  can a t  times be 

cumulative, and;also;at times res.ul t .  i n  reduction fac to rs  t o  adjust  l i v e  load 
. . 

condit ions. . .  . 
. .  . . , . . .  .. * 

. . 

By d e f i n i t i o n ,  dead load i s  "...the weight of  a l l  permanent. construct ion such 

as f l oo rs ,  roofs, permanent partl.t. lons;.stairways and walls." Table 3-1 con- 

ta ins  a l i s t  o f  the weights o f  some of the more f requent ly.used construct ion 

mater ia ls.  The average res tden t la l  bu i l d i ng  roof envelope.would be made up 
2 

o f  a combi "at ion o f  three o r  .more of.:these mater ia ls.  



TABLE 3-1 
'WE I GHTS OF I LDI NG MATERIALS " ' 

Weight Weight 
~ b .  Per ~ b .  Per 

MATER I ALS s q . ~ t ,  ' ' MATERIALS sq. ~ t .  

CEILINGS 'Roofing f e ' l t ,  3 p l y  and . ' . 

Gypsum C e i l i n g  block, 2" . . grave 1 .:'. 53 
t h i  ck , unp las te red .I 0. Roofing f e l t ,  5 p l y  and , 

.3  Plas te r  boa'rd, unplastered gravel  ' 53 
P las ter ,  3/4", and wood l a t h :  ' 8 R o o f i n g . f e . l t , . 3 p l y & s l a g  43 
P las ter ,  3/4" and metal l a th .  . . 8 Roofing f e l t ,  5 p l y  & s lag  53 

,. .. P las ter ,  on . t i  l e  o r  'concrete 5 3-p ly  ready roof ing 1 
Suspended, metal l a t h  and p l a s t e r  . 10 . T i  l e  o r  s l a t e  . . 5-20 

FLOOR'S 

Hardwood f l o o r i n g ,  3/8" t h i c k  . . 

Sheathing, yell 'ow p ine  I", Oregon. 
pine, spruce o r  hemlock, 7/8Ii t h i c k  

sheathing,: ye1 low pine,, 1" , t h i ck  
Wood block,  creosoted, .3" t h i c k  
'Cement f i n i s h ,  per  inch t h i c k  
Cinder concrete, per  inch t h i c k  
Cinder concrete f i l l ,  per  inch t h i c k  
Terazzo, T i l e ,  Mast ic,  Linoleum, 

per  inch t h i c k ,  i -nc luding base . ' . 

Gypsum s lab  per inch th i 'ck 

ROOFS 
. . 

Corrugated metal ,,, galvanized: .; 
20 ~ a n u f a c t u r e r ' s  Standard , . ' 

Gauge 
24 Manufacturer' s Standard .. . .. . 

Gauge 
28 Manufacturer 's Standard 

Gauge 

PARTITIONS 

Channel,' .studs, .metal l a t h ,  
cement p l a s t e r ,  s o l i d  2" 
t h i c k  17-5 

Studs,. 2"x411, wood o r  me,tal 
l a t h ,  3/4" .p las ter  both 
s i des 

Studs, 2"x4", p l a s t e r  .board 
18 

3" p l a s t e r .  both s ides 18 
Plaster. ,  3", on gypsum 
' - b l o c k  o r  c l a y  t i l e '  (one 

s ide)  . .  . . 4 
Hollow c l a y  t i - l e ,  2" 13 
Hol ' low'clay t i l e ,  3" 16 
Hol low c lay  t i  le,: 4" , 18 
Hollow cl,ay t i l e ;  5" 20 
Hol l'ow'.'clay t i  le ,  6" 2 5 
Hollow c lay  t i  l e ,  8" 30 
Hollow c l a y  t i l e ,  10" 35 
Hollow gypsum bl,ock," 3" 10 
~ o l l &  gypsum block,  4" 13 
Hol low ,gypsum block,.  5" 153 
Hol low' .gypsum block,. 6" 163 
Sol i d   sum sum block., .2"* . . . 99 
Sol i d Gypsum .block., 3" 13 
Steel  p a r t i t i o n s  . . '  '2 



TABLE 3-1 (cotit.) 

We.Fgtit 
Lb.Per 

MATER l ALS Sq.Ft. 

Weight 
~ b ' ,  per  

MATER !ALS Sq.Ft, 

1 WALLS CONCRETE MASONRY 

Br i ck ,  8" t h i c k  
B r i ck ,  12" t h i c k  
B r i ck ,  16" t h i c k  
B r i ck ,  20" t h i c k  
B r i ck ,  24" t h i c k  
Wall t i l e ,  6" t h i c k  
Wall t i l e ,  8" t h i c k  
Wall t i l e ,  10" t h i c k  
Wall t i l e ,  12" t h i c k  
B r i c k  4", t i l e  backing 4" 
B r i c k  4", t i  l e  backi'ng 8" 
B r i c k  9", t i  l e  backi'ng 4" 
B r i c k  9", t i  l e  backi'ng 8" 
Limestone 4", b r i c k  '9" 
Limestone 4", b r i c k  13" 
Limestone 4", t i l e  12" 
Corrugated.meta1 s i d i n g  

same as roofs  
w i ndows , g 1 ass, frame and 

sash 

ASHLAR MASONRY, Per .Cu.Ft. 
Granite, syeni te,  gneiss . 165. 
Limestone., marble 160 
Sandstone, bluestone 140 

MORTAR RUBBLE MASONRY 
Grani te,  syen i te ,  gneiss 155 
Limestone, marble 150 
Sandstone, bluestone 130' 

DRY RUBBLE MASONRY 
Granite, syeni te,  gneiss , 130 
Limestone, marble . . 125 
Sandstone, bluestone 110 

B R I C K  MASONRY 
Pressed b r i c k  7 40 
Common b r i ck 120 
Sof t  b r i c k  100 

Cement, stone, sand 144 
Cement, s lag,  e tc .  130 
Cement, ci'nder, e tc .  100 

VARIOUS BUILDING 
MATER l ALS 

'Ashes, c inders 
Cement, por t land,  loose 
Cement,. p o r t  land,' se t  
Mortar,  se t  
Lime ,, gypsum, 1 oose 
Slags , bank s 1 ag 
s l'ags , bank screenings 
s l'ags , mach i ne s 1 ag' 
Sl'ags, s lag  sand ' 

EARTH, ETC., EXCAVATED 
Clay, d ry  63 
Clay, damp, p l a s t i c  110 
Clay and gravel ,  d ry  100 
Earth, dry,  loose' 76 
Earth, moist ,  looge 78 
Earth, mois t ,  packed 96 
Earth, mud, f l ow ing  108 
Riprap, l imestone 80-1 15 
R i  prap, sandstone 9 0 
Riprap,. shale 105 
Sand, gravel ,  d ry  I 

1 oose 90- 105 
Sand, gravel ,  dry, 
wet 118-120 

MINERALS 
Asbestos 
Barytes 
Basa 1 t 
Bauxi te 
Borax 



. . 

HATER IALS 

Cha 1 k 
Clay, marl 
Dolomi t e  
Feldspar, or thoclase 
Gne i ss., serpent i ne 
Granite, syen i te  
Greens tone, t r a p  
Gypsum, a labaster  
Hornblende 
Limestone, marble 
Magnes i t e  
Phosphate rock, a p a t i t e  . 
Pumice, na tu ra l  
Porphyry 
Quartz, f l i n t  
Sandstone, bluestone 
Shale, s l a t e  
Soaps tone, t a  1 c 

, TABLE 3-1 ( ~ o n t  .) 

Wetght 
~ b ' .  PIS r 
Cu. Ft .  

STONE, QUARRIED, PILED 
Basal t ,  granite,,  gneiss ,. .96 
Limestone, marbl,e, quar tz  9 5 
Sands tone 82 
Shale 92 
Greenstone, hornblende 1 07., 

BITUMINOUS SUBSTANCES 
Aspha 1 turn 8 1 
Coal, an th rac i te  9 7. 

MATER tALS 

Coal, bttumlnous 
Coal, l i ' g n i t e  
Coal, peat,. t u r f ,  d ry  
Coa 1 , charcoa 1:, p i'ne 
Coa 1 , charcoa 1 ,, oak 
Coal ,. coke 
Graphi'te 
Para f f  ine 
Petroleum 
Petroleum, r e f i n e d  
Petroleum, benzine 
Petroleum,, gasol ine 
P i  t c h  
Tar, bituminous. 

EXCAVATIONS I N  WATER 
Sand o r  gravel  
Sand o r  gravel  o r  c lay  
Clay 
River  Mud 
Soi 1 
Stone r i p r a p  

COAL AND COKE, PILED 
Coal, an th rac i te  
Coal, bituminous l i g n i t e  
Coal, peat, t u r f  
Coa 1 , cha rcoa 1 
Coal , coke 



I t  i s  reasonable t o  assume t h a t  the  m a j o r i t y  o f  a1 1 s i n g l e  fami ly  res iden t ra l  

roofs begin w i t h  module wood.frame r a f t e r s  o r  t russes a t  24. inches on' center  

wi t h  1/2 t o  3/4 i nch  e x t e r i o r  plywood sheathing and 1 5  t o  30 pound b u l l  d lng 

f e l t s .  The usual d i f f e rences  come i'n the. f i n a l  f i n i s h  ma te r ia l ,  the. choice o f  

which usual l y  comes from an aes the t i i ' cons ide ra t i on .  The m a j o r i t y  o f '  . , r oo f  

f i n i s h  ma te r ia l s  are  e i t h e r  asphal t  sh ingles,  concrete o r  :lay t i  l e ,  o r  s l a t e .  
. . 

To ta l  dead load normal ly  encountered i.n t y p i c a l  roo f  envelope would be: 

Modular wood f raming.@24'  inches on center  - I .5 ps f  * 

1/2 t o  3/4 inch pl'ywood sheathing - 2 psf 
15 t o  30 pound b u i l d i n g  f e l t s  

- *; Subtotal  

Adding dead load. we.ights of asphal t  sh ingles,  cement. o r  c lay  t i  l e ,  and s l a t e  

t o  t h i s  f igure ,  t o t a l  dead load we ig t i ts 'a re  7 ps f ,  '19. ps f ,  and 13.5 'psf res- 

p e c t i v e l y .  Considering an average roo f  r a f t e r  span o f  14'-Oil, an a1 lowable 

t o t a l  load o f  87 I b / f t  i s . n o t e d  f o r  a ' 2  X . ~ O  inch (1100 p s i )  wood beam. Con- 

sider ' ing 30 p s f  average snow l i v e  l.oad, a t o t a l  imposed load o f  2 f t  x 43.5 

p s f  = 87 l b / f t . i s  rea l ized.  The concurrence o f  t h e  imposed load w i t h  the  

a l lowable load would i nd i ca te  t h a t  f o r  most new o r  r e t r o f i t  i n s t a l l a t i o n s ,  

t he  manufactured weight o f  the RPM. must 'not exceed the  weight . %  o f  the  mater i  a1 

i n  the  above composite envelope t h a t  i t  i s  replac ing,  i f  no f u r t h e r  s t rength-  

ening o f  the  conventional framtng. i-s desired.:. This  would be , t rue .most ly  

f o r  t he  i n teg ra l - t ype  mounting. A d i r e c t  mounting . . could make use o f  the  

inherent  reserve capaci ty  b u i l t  i n t o .  a work ing ,s t ress versus u l t i m a t e  s t ress  

design analys is .  However, RPM imposed loads f rom's tandof f  o r  rack mounted 

arrays would d i c t a t e  a c lose r  look a t  the need. fo r  add i t i ona l  framing beyond 

the  convent i onal . . . .. , . > 

L i v e  loading imposed on roo f  s t ructures,  as we1 1 as RPM i r rays , ,  would be snow, 
I ' .  . 

wind, and earthquake, a1 1 of which have regional  1 im i ts '  on i n tens i t y . '  Figures 

1203.7, 1205.1 and 1206.1' o f  t he  BOCA.Code (See Figures 3-1, 3-2 and 3-3) show 

these reg i  ona 1 1 i m i  t s  f o r  t he  loading's ',i.'ndi'cated. 
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FIGURE 3-1 

Est imated ' .~round Snow Load ' in  Lbs./Sq. F t .  
50-Year Mean kecurrence l  nterva 1 

FIGURE 3-2 

BASIC WIND SPEEDS IN MILES PER HOUR 

-Annual Extreme Fastest-Mi le  Speed 30 Feet Above 
100-Year Mean ~ e c u r r e n c k  l n t e r v a l  

1 1  I t i  I .  I I I (  I I I 
-3-25~ 
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Ground, 
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Zone 0 - No Damage 

F I G U R E  3-3 

Risk Zones and damaging Earthquakes o f  the United States 
Through 1968 ' 

I t must be understood, however, tha t  very ra re ly  are the previously mentioned 

dead and l i v e  loads cumulative. For instance, i t  would be rare t o  have f u l l  

dead load, maximum snow and wind a t .  the same time. paragraph 1.203.7. F1 o f  the 

BOCA code addresses t h i s  s i  tuati.on, when i t  permits reduction i n  roof  snow loads 

depending on the shape and slope of ' the roof  causing a wind scouring act ion t o . '  

prevent o r  reduce the bui ldup of. snow. . , This approach t o  loading requirement 

would be most appl icable t o  standoff- o r  .rack mounted arrays. Height o f  r o o f :  

o r  PV array above the g round 'w i l l  al-so have vary ing e f f e c t  on the winds., i n -  . 

creasing as the height  increases, as shown i n  Table 1205.. 1 (see Table 3-2) .  ' 

Venturi   effect!^, . possib le wind gusts and d r . i f t i ng  of snow around o r  behind ob- 

s t ruc t ions 'would  a l so  be 's i ' gn l f i can t . fac to rs  t o  consider when mounting a PV 

ar ray on a roof. A1 1 o f  these can cause addi t  tonal loads above those normalsly 

encountered. I n  very rare cases, however, would more .than one 15ve load source 

be used a t  one time and even then a-chance for  a reduction fac tor  could be pos- . . 

s i b l e .  



Height' Above 
Ground , Feet 

TABLE 3-2 

BASIC. W I N D  LOAD PRESSURES t N  POUNDS 
. . PER SQUARE FOOT 

. . 

(See Pi;gure 3-12 

100 Y r .  Recurrence of' Fastest Mi le  
o f  Wi'nd, MPH 

Over1,OOO. . 34 45 56 70 77 84 100 117 

-- Measured above the average leve l  o f  the ground adjacent t o  the s t ruc ture .  

-- To be modif ied by shape factors .' 

-- Veloc i ty  ~re .ssures are based on the formula 
2 H P .=  0.00256 x V x 76 where : 

. , .  

V = Wind Speed i n  MPH; and . , . . 

H = the height above, grade ( i n f e e t )  o f  the pressure be ing  computed. 

.Th is  foimula i s  only appl icable t ~ ' f i e i . ~ h t s  30 f ee t  o r  greater, 

The s i gn i f i cance 'o f  . . these loading condi t ions t o . t h e ,  RPM.designer i s  tha t  i t  

indi'cates tha t  mater ia l  weights. used ' t n  the ' roo f ing  envelope. are 'constant, and 

as su& th= con t r ibu t ion  o f  the we,lght o f  the RPM must be taken  i n t o  account as 

an in tegra l  ,part of  ' that envelope and. s t i l l  stay below the. al lowable 1i.mits o f  

the convent iona l 's t ruc tura l '  support..s:ystem used. A l ~ o ,  of .signif icance t o  the 

designer i8s t ha t  even though 1 Sve loads:,are not  necessarh1.y cumulat tve, ' s ign i  - , 

f i cant i nc-reases o r  decreases., . in  load lngs. on the RPM can 'occur depending on 
. . . . 

the locat  ion and conf, ig"rat ianm . . t h e  designei chooser for  the PVarray.  For 
0 

example,' s tandoff  mounted array.  on a .30 angle: ' in  F lor ldq.  would receive a much 
. . 

higher wind load than a s i m t l a r l y , m o u n t e d ~ a r r a ~  i n  Pennsylvania. .However, a 



dead load cont r ibut ion of a PV array would not  be affected by i t s  height  above 

ground o r  geographic location, but  must nonetheless be integrated ca re fu l l y  

i n  the composite roof  envelope weights. 
a 

I t  would,.'thecefore, be. wise f o r  the manu.facturer o f .  a. RPM t o  adhere t o  the .J 

most cri3t i ca l  , yet  p rac t i ca l  , c r i t e r i a , .  as Pound i n  the various .major nat ional  

codes; wind loads as set  f o r t h  5n the.South F lo r ida  Coastal Code, snow as 

found i n  northernmost areas,of  the.Uni ted States, and earthquake as found i n  

Ca l i fo rn ia .  .Wh.ile t h i s  may appearas overcompensation, It. does. a l law a wider 

market area wi thout  the manufacturing.cost of regional design res t r i c t i ons .  

CONCLUSIONS 

U n t i l  separate sections dealing. spec i f i ca l l y  w i t h  photovo l ta ic  arrays begin t o  

appear i n  bu i ld ing  codes, roof-top arrays w i l l  almost certainly be judged,.at 

least  i n  par t ,  by ex i s t i ng  code prov;sions f o r  roof  coverings, roof  st ructures,  

sky l ights ,  veneers, and loading c r i t e r i a .  
1 

Af te r  invest igat ing three model codes,. two c i t y  codes and the National F i r e  

Code, the f o l  lowing conclusions. can .be drawn.. Resldent i a l  Photovol t a i  c ~ o d u l e s  

may be b u i l t  o f  v i r t u a l l y  any mater ia l ;  inc lud ing wood, and.be judged accep- 

tab le  w i t h i n  the requirements.of code provis ions cu r ren t l y  i n  e f f ec t .  The 

lone exception, and i t  i s  an important :one,. i s  plast ics-. 

The demands made by the codes upon the use of p l a s t i c s  are so severe as t o  

suggest tha t  a great deal o f  delay and complicat ion can be ,avoided by e l im i -  

nat ing p l as t i c s  from the l i s t  o f  p~~s ib l e ' componen t  mater ia ls.  fo r  the module. 

The delays would be the resu l t  o f  two.factors. F i r s t ,  t o  gain accep tab i l i t y  

f o r  a mater ia l '  o r  assembly which i s  either.:uhknown t o  the code agency o r  

appears t o  v i o l a t e  ex i s t i ng  provist.ons of the code, .It i s  necessary t o  f o l l ow  

the t ime consuming and expensive procedures d ic ta ted  by the code. This In-  

volves such things as thesubmlsslon of data, gained by subjest'i,ng the mater ia l  

o r  assembly t o  prescribed tes ts .  which. must. be conducted by an independent . 

t es t i ng  laboratory. Second, t h i s  process: must be repeated f o r  each area o r  

region under the j u r i s d i c t i o n  of a d i  Werent. code. It i s  a lso conceivable 

tha t  i t may be necessary t o  re-submit' the module for  apprwa l  every t ime the 

design i s modi f ied, area or..quant ty- of . p l a s t i c  changed o r  re-shaped. 



. . . . :. . . 

I t .  i s  t r u e  t h a t  p l .ast?cs .have a1 ready .been tncorporated I n t o  . the design of 

some s o l a r  thermal c o l  l e c t o r s  and c e r t a i n .  passive s o l a r  i i lstal  l a t  ions. These 

have been constructed, apparently; . in-.  areas not  sub jec t  t o  the  Jur isd i ' c t  ion  of 

any o f  .the model codiis. As so l ' a r  systems o f  a1 1 k inds ga in  i n .  popula'rt ty, and 

the i  r use .in res i .dent ia1,  construct ion '~~lncrea~es.~  t o  a significant percentage 

o f  the  . t o t a l  ,. a1 1. code agencies w i l l  ,beigFn p repar ing .  regu la t ions  f o r  t h e i r .  

design and i n s t a l  l a t i o n .  If, a t  t h a t - t i m e ,  s,ighif i .cant changes do n o t  occur 

i n .  the. manner tha t .  codes c u r r e n t l y  . regulate p l a s t i c s ,  - t he  s o l a r  c o l  l e c t o r  . 

i ndus t ry  w i l l  s u f f e r . a  ser ious  setback. . . 

~ 1 1  of these d i f f i c u l t i e s  argue ,against the  use o f . p l a s t i c s  i n  the construc- 

t i o n .  o f  t he  Residenti .al  Photovol tai:c. Module.. Th is  i s  e s p e c i a l l y  t r u e  when con- 

si-dered'wi th. :other  code requ,i remen.ts:whi,ch 1 ?mi t .  the area o f  p l a s t i c  used on a 

. r o o f  as a f u n c t i o n  o f  f l . oo r  area:or...roof area. Taken alone, t h i s  l i m i t a t i o n  i s  

s u f f i c i e n t  cause f o r  avo id ing  the..use of p l a s t i c s .  The area o f  a r ray  requ i red  

f o r  a conventional dwe l l i ng  : f a r  exceeds. the  l i m i t .  Changes i n  these p rov i s ions  

o f  t h e  code may b e p o s s  i b l e  , b u t  cons i der ing  the  f 1 amnab i 1 i t y  o f  p 1 as t i cs and 

the.conventiona1 code wisdom.as.i.t..relates t o  the  spread o f . f i r e ,  t h i s  seems 

u n l i k e l y ;  - .  I n  'any event, on l y  a . few.wel . l -publ ic ized f i r e s  i n v o l v i n g  p l a s t i c s  

i n  c o l l e c t o r s  wi l .1 b e . s u f f i c i e n t  t o  c reate  ser ious  doubts -- rea l  o r  imagined-- 
. . .  . i n  the  minds o f  t he  pub l ic .  . . 
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PURPOSE: The NEC, as the  most wide ly-accepted e l e c t r i c a l  code, 

was reviewed t o  i d e n t i f y  t he  e l e c t r i c a l  requirements 

f o r  r e s i d e n t i a l  PV modules. Because t he  NEC does no t  

.speci f i c a l  l y  address photovol  t a i c  systems o r  .modules, 

i t  was necessary t o :  1) rev iew genera l  e i e c t r i c a l  re -  

qu i  rements f o r  t e rm ina l s ,  grounding, guard ing o f  1 i v e  

p a r t s ,  ope ra t i ng  vo l tage ,  conductor s i zes ,  and wet 

l o c a t i o n  a p p l i c a t i o n s :  and 2) revi.ew requirements f o r  

s p e c i f i c  equipment such as generators ,  app l iances ,  

l i g h t i n g  f i x t u r e s  and modular b u i l d i n g  components f o r  

manufactured bu i  l d i  ngs t o  determine any .appl  i cab le  requ i  re -  

ments o r  p o s s i b l e ~ c l a s s i f i c a t i o n  f o r  PV modules and a r rays .  

CONCLUSIONS: I f  t he  p r a c t i c a l  safeguard ing o f  persons and p rope r t y  i s 

used as t h e  o v e r r i d i n g  des ign g u i d e l i n e  f o r  p h o t o v o l t a i c  

modules, compliance w i t h  t he  NEC can be expected. L i v e  

p a r t s  ope ra t i ng  a t  50 v o l t s  o r  more s h a l l  be guarded 

a g a i n s t . a c c i d e n t i a 1  con tac t  du r i ng  i n s t a l l a t i . o n .  Quick 

connect t e rm ina l s  a re  a recognized method f o r  mak.ing 

e l e c t r i c a l  connect ions.  Metal  framed panels wi.11 r e q u i r e  

grounding un less spec ia l  p r o v i s i o n s  f o r  i s o l S t i n g  l i v e  

w i r e s  a r e  made. Metal  frames used as conductor raceways 

r e q u i r e  grounding. Fac to ry  i n s t a l  l e d  i n t e r n a l  . w i r i n g  

o f  equipment does n o t  come under t he  j u r i s d i c t i o n  o f  the  

Code, i f  the  equipment has been. l i s t e d  by an e l e c t r i c a l  

t e s t i n g  l abo ra to r y .  A1  l conductors used.' f o r  general  

w i r i n g  s h a l l  no t  be sma l l e r  than #14 AWG copper. However, 

t he  NEC a l l ows  w i r i n g  i n  l i g h t i n g  f i x t u r e s  and s i m i l i a r .  

equipment t o  be as smal l  as #18 AWG copper. Th i s  i m p l i e s  

t he  p o s s i b l e  use o f  #18 AWG copper w i r e  i f  NEC o f f i c i a l s  

f e e l  PV modules resemble l i g h t i n g  f i ' x t u res .  Future deve l -  

opment o f  module and .ar ray wi r i n g  should n o t  be 1 i m i t e d  

t o  c u r r e n t l y  approved w i r i n g  methods a l though the process 

i s  lengthy new met,hods wi 11 be recognized i f they a r e  



engineered w i t h  safety i n  mind. Conductor operat  ing 
temperatures f o r  s p e c i f i c  mounting types must be de ter -  

mined so t h a t  conductors can be p rope r l y  s ized i n  accor- 

dance w i t h  the  NEC. Modular w i r i n g  systems intended t o  

minimize f i e l d  labor  are recognized by the Code. 

RECOMMENDATIONS: U n t i l  s p e c i f i c  requirements fo r  pho tovo l ta i c  modules 

and systems a r e  i d e n t i f i e d  i n  t he  NEC, t he  module manu- 

fac torer  must design modules based on the  p r i n c i p l e  o f  

sa fe t y  f i r s t .  I n  add i t i on ,  the  manufacturer should 

become f a m i l i a r  w i t h  general and equipment s p e c i f i c  

e l e c t r i c a l  requirements as p resen t l y  enforced by the  

NEC. 

A t  present ,  the  r e s i d e n t i a l  PV systems and. modules cou ld  

be def ined as a  modular b u i l d i n g  component and are . . 

gene ra l l y  covered by A r t i c l e  545 - Manufactured Bu i ld ing .  

I n  o rder  t o  e l i m i n a t e  poss ib le  confusion by f i e l d  e lec -  

t r i c a l  inspectors and l o c a l  b u i l d i n g  review boards, i t  

may be i n  the  best i n t e r e s t  of  t he  pho tovo l ta i c  i ndus t r y  

t o  work w i t h  the  NEC Committee i n  developing s p e c i f i c  

requirements f o r  pho tovo l ta i c  systems end modules. 

* ;: 5: ;: k 

l n t  roduct i on 

The Nat iona l  E l e c t r i c a l  Code i s  t he  most w ide ly  adopted set  o f  e l e c t r i c a l  

requirements i n  the wor ld  and w i l l  be reviewed t o  i d e n t i f y  a l l  e x i s t i n g  regu-, 

l a t i o n s  tha t  may have bear ing on r e s i d e n t i a l  photovol t a i c '  appl i ca t i ons .  The 

NEC i s  recognized by a l l  major b u i l d i n g  codes i nc lud ing  BOCA, UBC, SBC, and 

most munic ipal  codes. The on ly  known except ions t o  na t i ona l  acceptance are 

several  munic ipal  e l e c t r i c a l  codes such as those es tab l ished by the  C i t y  o f  

Los Ange les and the C i t y  of  Chi:cago. 

. . . T  he NEC i s  sponsored by the  Nat ional  F i r e  P ro tec t i on  Assoc ia t ion  under t h e  

auspices o f  t he  American Nat ional  Standards I n s t i t u t e .  

Rea l i z i ng  t h a t  the  Code was w r i t t e n  w i thou t  cons idera t ion  f o r  pho tovo l ta i c  

systems, some informal i n t e r p r e t a t i o n  as t o  i n t e n t  was necessary. 



Throughout t h i s  review, the  module and panel a re  referenced. A module i s  

defined as an i n t e g r a l  u n i t  w i t h  fac tory  wired c e l l s  t h a t  a re  e l e c t r i c a l l y  

i so la ted  except f o r  t he  te rmina ls  which may o r  may n o t  be guarded from 

d i r e c t  contact.  The module may have an i n t e g r a l  m e t a l l i c  o r  nonmetal l ic  

frame, o r  the  module may not  have any frame (as w i t h  the sh ing le  concept). 

The panel i s  genera l ly  assumed t o  be comprised o f  modules. A l l  e l e c t r i c a l  

connections a r e  fac to ry  wired. The panel may o r  may no t  have a m e t a l l i c  o r  

nonmeta l l i c  frame. 

I t  i s  conceivable t h a t  t he  panel may in teg ra te  the  frame as a raceway and/or 

j u n c t i o n  box s i m i l a r  t o  t h a t  done w i t h  f luorescent  l i g h t i n g  f i x t u r e s .  The 

frame could a1 so u t  i 1 i ze "knockouts" where cont i nuous raceways a r e  requ i red. 

Th is  l i g h t i n g  f i x t u r e  analogy i s  conceivable.but  has not  been assumed. The 

w i r i n g  methods conceived a re  . l im i ted  t o  ar ray  branch c i r c u i t s  and connections. 

(Array branch c i r c u i t  s h a l l  be def ined,  here as the  se t  of conductors between 

the panel o r  module terminal  :and the.  f i n a l  conductor. serv ing  the  residence o r  

se rv ing , the  storage system.) 

Voltage 1evel.s considered do not  exceed 600 Vol ts .  Those vol tages o f  p a r t i c u -  

l a r  concern a re  30, 100, and 200 Vo l t s  dc. 

The review technique f o r  t h e  NEC w i l l  be d i f f e r e n t  than t h a t  used f o r  the  b u i l d -  

ing codes. Rather than generat ing top i cs  o f  concern, around which each code 

was reviewed, each Code A r t i c l e  t h a t  appeared t o  have any relevance was 

reviewed. Those a r t i c l e s  conta in ing  re levant  in format ion have been ex t rac ted,  

and reproduced w i t h  commentary added. 

I n  the  process o f  reviewing the  NEC, we s t a r t e d  w i t h  assumptions as t o  what 

a PV module could be c l a s s i f i e d .  Then, as review proceeded, a d d i t i o n a l  

i n t e r p r e t a t i o n s  and o ther  re levant  requirements became apparent. These 

add i t i ona l  i n t e r p r e t a t i o n s  and requirements, along w i t h  conclusions a r e  

r e f l e c t e d  i n  the commentary. 

A l l  t e x t  t h a t  appears i n  ADJUTANT TYPE. i s  reproduced from the  Nat ional  Elec- 

t r i c a l  Code Handbook, Copyright @ 1978, by permission from the NatOonal 

F i r e  Pro tec t ion  Associat ion,  Boston, MA. A l l  type i n  ITALICS i s  o r i g i n a l  

commentary except as noted otherwise. 
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ARTICLE 90: INTRODUCTION 

90-1. Purpose 

(a) The purpose of this Code is the practical safeguarding of persons and 
prop'erty from hazards from the use of electricity. 

.>> ...., ... , .... . .. .. . . 

The National Electrical Code (NEC) is the most widely adopted set of 
electrical safety requirements in the world and is offered for use in 
law and for regulatory purposes 'in the interest of life and property 
protection. 

I .  '_ .  

(b) This Code contains provisions considered necessary for safety. 
Compliance therewith and. proper maintenance will result in an instal - 
lation essentially free from hazard, but not necessarily efficient, 
convenient, or adequate for good service or future expansion of 
electrical use. 

Hazards often occur because of overloading of wiring systems by 
methods or usage not i.n conformity.with the Code. Tllis occurs because 
initial wiring did not provide for increases in the use of electricity. 
An initial adequate installation and reasonable provisions for system, 
changes will provide for future increases in the use'of electricity. 

' 

(c) This Code is not intended as a design specification nor an instruction 
manual for untrained persons. 

The National Electrical Code is intended for use by capable kngineers 
and electrical contractors for the basic design and/or installation of 
electrical equipment, by inspection authorities exercising legal 
jurisdiction over electrical installations, and by instructors teaching 
eiectrical apprentices or students. 

Commentary: 

The important sentence: "The purpose of  th i s  code i s  the practicaZ safe I~ 
guurding o f  persons and property from hazards &sing from the use of I 
eZectficity." Safety ahring operation and instaZZation should be m 

overriding design cr i ter ia  during..deveZopment of the module. 

90-2. Scope 

(a) COVERED. This Code covers: 

(1) Electric conductors and equipment installed within or on public 
and private buildings or other structures, including mobile homes 
and recreational vehicles; and other premises such as yards, 
carnival, parking and other lots, and industrial substations. 



(2) Conductors that connect the installations to a supply of electricity. 

(3)  Other outside conductors on the premises. 

(b) NOT COVERED. This Code does not cover: 

(1) Installations in ships, watercraft,, railway rolling stock, 
aircraft, or automotive vehicles other .than mobile homes and 
recreational vehicles. 

(2) Installations underground in mines. 

(3) Installations of railways for generation, transformation, or ' . 
distribution of power u'sed exclusively for operation of rolling 
stock or installations used exclusively for signaling and commun- 
ication purposes. 

(4) Installations of communication equipment under the exclusive 
control of communication utilities, located outdoors or in 
building spaces used exclusively for.such installations. 

(5) Installations'under the exclusive control of utilities for the 
. ' . purpose of communication, or metering; or for the generation, 

control, transformation, transmission, and distribution of 
electric energy located in buildings used exclusively by utilities 
for such purposes or located outdoors on property owned or leased 
by the utility or on publ-ic highways, streets, roads, etc., or 
outdoors by established rights on private property. 

(c) SPECIAL PERMISSION. 

The authority having jurisdiction for enforcing this Code ma.y grant 
exception for the installation of conductors 'and equipment, not under 
the exclusive control of the electric utilities and used to connect 
the electric' utility supply system to 'the service-entrance conductors 
of the premises served, provided such installations are outside a 
building or terminate immediately inside a building wall. 

90-3. CODE ARRANGEMENT.' 

This Code is divided into nine chapters. Chapters 1, 2, 3, and 4 apply 
generally; chapters. 5, 6, and 7 apply to special occupancies, special 
equipment, or other special conditions. These latter chapters supplement or 
modify the general rules.. Chapters 1 through 4 apply except as amended'by 
Chapters 5, 6, and 7 for the particular conditions. 

Chapter 8 covers communications systems and is independent of the other 
chapters except where they are specifically referenced therein. 

Chapter 9 consists of tables and examples. 



90~4. ENFORCEMENT. 

This Code is intended to be suitable for mandatory application by govern- 
mental bodies exercising legal jurisdiction over electrical installations 
and for use by insurance inspectors. The authority having jurisdiction of 
enforcement of the Code will have the responsibility for making interpreta- 
tions of the rules, for deciding upon the approval of equipment and materials, 
and for granting the special permission contemplated in a number of'the - 

. . . > - .. . 

rules. 

The authority having jurisdiction may waive specific requirements in this 
Code or permit alternate methods, where it is assured that equivalent 
objectives can be achieved by establishing and maintaining effective safety. 

90-5. FORMAL. INTERPRETATIONS. . . . . 

To promote uniformity of interpretation and application of the provisions 
of this Code, the National Electrical Code Committee has established 
interpretation procedures. 

The procedures for formal interpretations of the provisions of. the. National 
Electrical Code are outlined in the regulations governing committee projects 
that may be obtained from the Asst. V.P.-Standards of the National Fire 

. .  Protection Association. The formal interpretations procedure can be found 
in Section 16 and has-been reprinted in its entirety in the appendix to 
this Handbook. 

The Interpretations committee is made up of five or more members or alter- 
nates of the Technical Committee(s) having primary jurisdiction of,the Code 
covering the subject under consideration. .The members are to be selected 
by the Chairman of the Correlating..Committee or the Asst. V.P.-Standards if 
the Chairman is not available. No member or alternate is to be eligible 
for appointment to.an.Interpretation Subcommittee if he or she is directly , . 

involved in the particular'case prompting the request for the Interpretation. 
The Interpretation Subcommittee should include Committee members or'alternates 
representing the same interest categories as the requester and the other 
parties involved as well as representatives of other parties. The personnel 
of Interpretation Subcommittees may be varied for each request. 

The Committee cannot be responsible for subsequent actions by authorities 
enforcing the NEC as to whether they accept or reject the findings. The 
authority having jurisdiction has the responsibility of interpretating the 
Code rules and should attempt to resolve all'disagreements at the local 
level. 

Two general forms of Formal Interpretations are recognized: (a) those 
making an interpretation of the literal text and (b) those making an 
interpretation of the intent of the Technical Committee when the particular 
text was adopted. 



Interpretations not subject to processing are those that (1) do not involve 
a determination of compliance of a design, installation, or product or 
equivalency of protection, (2) do.not involve a review of plans or specifi- 
cations or require judgment or kn&ledge that can only be required as a 
result of on-site inspection, and (3) do not involve texts that clearly and 
decisively provide the requested information. 

Formal Interpretations of Code rules are published in the NFPA Fire News 
and sent to interested trade publications. 

Conrmentary : 

Formal, or infoma2 interpretations should be sought as questions arise 

regarding Code intent for.any early'design work. The.forma2 .interpretation 

procedure from the Handbook Appendk i s  reprinted . . here.' 

I NEC APPENDIX SECTION 16: FORMAL INTERPRETATIONS PROCEDURE 

I 16.1 GENERAL 

The following formal interpretation procedure is for the purpose of providing 
formal explanations of the meaning or intent of any specific provision or 
provisions of any Document. 

NOTE: This formal interpretation procedure'does not prevent any Committee 
Chairman, member of any Committee-or the Staff Liaison from expressing an 
opinion on the meaning or intent of any provision of any such Document, 
provided that the opinion is clearly identified as not being a formal 
interpretation of the Committee or.of the Association. 

16.2 NATURE OF FORMAL INTERPRETATIONS. 

Two general forms of formal interpretations are recognized: 

(a) those making an interpretation of the literal text, and 

(b) those making an interpretation of the intent of the Technical Committee 
when the particular text was adopted. 

16-3. EDITIONS TO BE INTERPRETED. 

Interpretations shall be rendered on the text of the latest adopted Document 
and any text of earlier editions which is identical to the text in the 
latest Document. Interpretations may be rendered to the requester on. text 
of an outdated Document where such has been, revised in or deleted from . 

, 

later editions. If possible, the .requester should be informed why the'text 
was revised or deleted. 

. . 

4-12 ' 
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16-4. METHOD OF REQUESTING FORMAL INTERPRETATIONS 

A request for a formal interpretation shall be directed to the Assistant 
Vice President - Standards, at the National Fire Protection Association 
~eadquarters: The request shall include a'statement in which shail appear 
specific references 't,o a single problem .and identifying 'the portion of the 
~ocument (article, sec,tion, paragraph, etc.) and 'edition of the Document on 
which an interpretation is requested. 'Such a request shall be in writing 
and shall indicate the business interest of the requester. A request 
involving an actual field situation shall so state and all parties involved 
shall be named and notified. 

16-5. QUALIFICATIONS FOR PROCESSING. 

A request for an interpretation may be processed if it: 
., : 

(a) complies with 16-2 and 16-4 

.(b) does not involve a determination of compliance of a design, installation 
or product or equivalency of protection 

(c) does not involve a review of plans or specifications, or require 
judgement or knowledge that can only be acquired as a result of on- 
site inspection 

(d) does not involve text that clearly and decisively provides the requested 
information . 

16-6. DETERMINATION OF QUALIFICATION 

The Assistant ,Vice President-Standards, after consultation with the appro- 
priate Committee Chairmen, shall determine the qualification in accordance 
with 16-5.. . . 

16-7 EDITING OF INTERPRETATION REQUEST 

A request for an interpretation may be re-phrased. The re-phrased version 
and any pertinent background information shall be sent to the requester and 
all parties named in.the request for agreement. A deadline for receipt of 
agreement shall be established. 

16-8. ESTABLISHMENT OF INTERPRETATIONS SUBCOMMITTEE 
, . ~  . . 

If accepted for consideration, each request.shal1 then be submitted to 
letter ballot of an Interpretations Subcommittee made up of five or more 
members or alternates of the Technical Committee(s) having primary jurisdic- 
tion of the Document covering the subject under consideration. The members 
shall be selected by the committee Chairmen or the Assistant Vice President- 
Standards, if the Chairmen are' not available. NO me?lber or alternate shall 
be eligible for appointment; to an.lnterpretations Subcommittee if he or she 
is directly involved in the'particul'arPc~se'prompting the request for the 
interpretation. The Interpretations Subcomnlittee should'include Committee 
members or alternates representing the same interest categories as the 



requester and the other parties involved, as well as representatives of 
other parties. The personnel' of .Interpretations' Subcommittees may be 
varied for each request. 

16-9. VOTING ON INTERPRETATIONS 

In any case where'more than twenty percent of the Subcommittee members 
disagree on the interpretation, the request for interpretation shall be 
referred to the Technical. ~ommittee(s). Under these conditions, a formal 
interpretation requires a two-thirds majority agreement of the Technical 
Committee(s) as tallied in accordance with 12-4. Where the necessary 
agreement is not received, the item.shal1 be placed'on the docket for 
regular processing by the Technical Committee(s) for subsequent possible 
action. 

16-10 PUBLICATION OF INTERPRETATION 

If the required agreement is secured from the ~nterpretations ~ubiommittee (s) 
or from the Technical Committee, the requester and all named,parties shall 
be informed by the Staff Liaison and .the interpretation'shall be published 
by the Association in one of its publications sent to all members and 
announced in an Association news release to other media. 

Interpretations of text of an outdated Document which. has been revised in 
or deleted from later editions, shall not be published by the ~ssociation 
but shall be sent to the requester and all parties.named in .therequest, 

16-11 ACTION FOLLOWING ISSUANCE OF FORMAL INTERPRETATIONS 

Any Technical Committee(s) whose Document'has'been the subject of a formal 
interpretation shall review the item on which the' interpretation has been 
issued to determine whether any change may be desired to'the' text of the 
Document an which the interpretation has been rendered. If'such a change 
is indicated, the Technical Committee (s) shali process. such change in 
conformance with procedures set forth in Sections 10, 11, and 12. 

16- 2 APPLICABILITY OF FORMAL INTERPRETATIONS 

Any formal interpretation issued. shall apply to the edition of the ~ocument " '  

for which the interpretation ismade and to any other edition of the Document 
if the text is identical to the text of the edition of.which the formal 
interpretation was rendered. 

Comentary : 
i 

Shou M any Code changes or additions be. mride t o  cover PV systems, they 

would probably i n i t i a l l y  toke the fom of a ~ ~ n t a t i v e  Interim A m h e n t .  

( T I A ) .  A T IA  i s  a Code addition or revision pending formal acceptance. . . 

The fo l lckng ruZeson TIAts'areezcerpted from the appendix to  the1978 

NEC Handbook. They were originuEZy published as NFPA Regulations Governing 

Committee Projects. 



NEC APPENDIX SECTION 15: TENTATIVE INTERIM AMENDMENTS 

I 15-1 AUTHORIZATION . 

A Tentative Interim Amendment to any existing Standard, Code, Recommended 
Practice, Mantlal or Guide may be processed if the Tentative Interim Amend- 
ment is of an emergency nature requiring prompt action and has the endorse- 
ment of a member of the involved Technical Coinmittee. 

I 15-2 DETERMINATION OF COMPLIANCE 

A proposed Tentative Interim Amendment shall. be submitted to the Assistant 
Vice President-Standards who, after. consultation with the .appropriate 
Committee Chairmen, shall determine compliance with 15-1. . 

15-3 PROCESSING 

If such compliance is determined, the Assistant Vice president -~t~ndards 
shall submit the 'proposed Tentative Interim Amendment'to the'responsible 
Committee and it shall be ,processed in the following manner: 

. .. 

(a) the text of a proposed Tentative Interim Amendment, as submittkd shall 
not be changed by the Committee except.to correct obviously,incorrect 
references. ' 

(b) a propbsed Tentative Interim Amendment which meets the proirisons of 
15-1 shall be published by the Association in Fire.News and other 
appropriate media with a .notice that 'the proposed Tentative Interim 
Amendment has been forwarded to the responsible Technical-Committee 
for processing and that anyone interested may respond to the proposed 
Tentative Interim Amendment.within.the time period established and 
published. 

(c) Committees shall process a proposed Tentative Interim Amendment within 
sixty days; such time to be measured from the closing date for responses 
(see 15-3(b)) to submittal to the Council for approval for release. 

(d) The proposed Tentative Interim Amendment shall be submitted to letter 
ballot of the Technical committee .and at least three-quarters of the 
members shall have voted.in'favor of the Tentative Interim Amendment. 

NOTE: In calculating the three-fourths majority, those who have expressed 
in writing valid reasons for.not having voted, and those who after a second 
request fail to return their ballots within the specified time limit, are 
omitted from the calculations. In no event will an affirmative vote by 
less than a simple majority of. the total members of .the Technical Committee 
eligible to-vote satisfy the requirement that there be a three-fourths 
majority. 

(e) the proposed Tentative Interim Amendment shall be reviewed by the 
Correlating Committee, if any, whlch shall make a recommendation to 
the council with respect to the disposition .of the Tentative Interim 
Amendment. 



{f) all Committee actions on the proposed Tentative Interim Amendment 
shall be reported to the Council for action in accordance with 15-4. 

15-4 'ACTION OF THE COUNCIL . . . . 
The coundil shall: ' . . '  . . 

(a) review the committee action, 

(b) accept or reject the Committee action, 

(c) direct a different action, 

(d) authorize release of the proposed Tentative Interim Amendment, if 
approved. 

15-5. PUBLICATION OF TENTATIVE INTERIM AMENDMENT. 

The Association shall publish in one of its publications sent to all members 
notice of the issuance of each Tentative Interim Amendment, shall issue a 
news release to applicable and interested technical journals, and shall 
also include in any subsequent distribution of .the Document to which the 
Tentative Interim Amendment applies the text of the Tentative Interim 
Amendment in a manner judged most feasible to accomplishthe desired objec- 
tives. The tentative character of the Tentative Interim Amendment shall be 
clearly indicated in the publication and release. 

15-6 SUBSEQUENT PROCESSING OF TENTATIVE INTERIM AMENDMENTS 

The Technical Committee concerned shall process the subject matter of any 
Tentative Interim Amendment through normal Technical, Committee procedures 
(see Section 11 and 12) at the next meeting of the Association to which the 
Technical Committee reports. 

15-7 EXCEPTION 
. . 

When the Board of Directors"authorizes other procedures for the processing, 
and/or issuance of ~entative Interim Amendments, the provisions of this 
Section shall not apply. 

90-6 EXAMINATION OF EQUIPMENT FOR SAFETY 

For specific items of equipment and materials covered by this Code, examin- 
ations for safety made under standard conditions will provide a basis for 
approval where the record is made generally. available, through promulgation 
by organizations properly. equipped and qualified for experimental testing,, 
inspections of the run of goods at factories, and service-value.determination 
through field inspections. This avoids the necessity for repetition of' 
examinations by different examiners, frequently with'. inadequate .facilities 
for such work, and the confusion that would result from conflicting reports 
as to the suitability of devices and materials examined for a given purpose. 



It is the intent of. this Code that factory-installed internal wiring or the 
construction of equipment need not be inspected at .the time of installation 
of the equipment, except to detect alterations or damage, if the equipment 
has been listed by an electrical testing laboratory tha.t 'is nationally 
recognized as having the facilities described above and which requires 
suitability for installation in accordance with this Code. 

Nationally recognized testing laboratories, inspection agencies, or other 
organizations concerned with product evaluation publish lists of equipment 
or materials that have been tested and meet nationally recognized standards 
or that have been found suitable for use in a specified manner. The Code 
does not contain detailed information on equipment or materials, but refers 
to the products as "Listed", "Labeled'.', or "Approved for the Purposef1. See 
Article 100, "Definitionsw, for explanation of these terms. 

It is not the intent of the Code to apply to the internal factory-installed 
wiring, or to the construction of listed equipment at the time of installa- 
tion, unless damage or alterations are detected. 

Viaring the pane2 as a piece of.equipn?ent.and the module as a component, 

the manufacturer i s  most concerned with meeting the testing laboratories . 

standards for approval. Compliance to testing Zuboratory s-ds i s  

dependent on the handling of  module details by each manufaeturer. PV 

module/panel approval can be expedited by using standard etectrical components 

where possible. Attempted use of  non-approved components should be preceded 

by review of UL Standards. for Safety 'for a l l  s i m i h  devices previously 

tested. The a p v h  periods range from 6 - 8 weeks, for assembZies comprised 

of approved components to  2 - 3 months for assemblies of unapproved components. 

These periods represent approvals with no revisions. One year approval 
periods are not uncomon when revisions are required. 

In the second paragraph o f  Section 90-6, it states that testing.Zaboratory 

recognition i s  part Zy based on approval processes "which require suitabi l i t y  

for instaZZation i n  aceordunce with the Code". That i s ,  the' NEC w i 2 Z  only 

recognize testing laboratories that consider safety during i n s ta lh t i on  as 

part o f  their testing procedure.' Therefore, the module manufac&er must be 

aware c j f '  NEC s,afety. pequirements for .+nstat Za~ion ( for examp te,  see, Cornentoy 

following NEC 110-1.7 .Guarding of Live P e t s ) .  Safety during. installation is 

not only a systems concern - it must be considered during design of the module/ 

pane 2. 



ARTICLE 100 - DEFINITIONS 

Comnentary : 

Definitions of the terms used i n  the NEC are essentiz-2. Misinterpretation 

of the Code usually occurs due t o  .incorrect assumptions as t o  definition. 

Only the definitions for general application (i. e., Part A )  are reprinted 

here. Part B i s  not included.' Some editing of Part A has been done t o  

eliminate those definitions that have no reZmance t o  this' study. 

, SCOPE 

Only definitions of terms peculiar to and essential to the proper use of 
this Code are included. In general, only those terms used in two or more 
articles are defined in Article 100. Other definitions are included in the 
article in which they are used but may be referenced in Article 100. 

Part A of this article contains definitions intended to apply wherever the 
terms are used throughout this Code. Part B contains definitions applicable 
only to the parts of articles covering specifically installations and 
equipment operating at over 600 volts, nominal. 

ACCESSIBLE 

(As 'applied to wiring methods.) Capable of being removed or exposed without 
damaging the building structure or finish, or not permanently closed in by 
the structure or finish of the building. (See "Concealed" and "Exposed".) 

Wiring methods located behind removable panels designed to allow access are 
not considered permanently enclosed. 

ACCESSIBLE 

(As app1,ied to Equipment.) Admitting close approach b;cause not guarded by 
locked doors,: elevation, or other effective means. (See "Readily Accessible".) 

AMPAC I TY 

Current-carrying capacity of electric conductors expressed in amperes. 

APPLIANCE 

Utilization equipment, generally other than industrial, normally built in 
standardized sizes or. types, which is installed or connected as a unit to 
perform one or more functions such as clothes washing, air conditioning, 
food mixing, . . deep frying, etc. 

APPROVED 

Acceptable to the authorjty having jurisdiction. 



The phrase tlauthority having jurisdictionu is used in NFPA standards in a 
broad manner since jurisdiction and tlapprovaltl agencies vary as do their 
responsibilities. Where public safety is primary, the "authority having 
ji~risdiction" may be a Ieciaral, state, local, or other regional department 
or individual such as a fire chief, fire marshal, chief of a fire prevention 
bureau, labor department, health department, building official, electrical 
inspector, or others having statutory authority. For insurance purposes, 
an insurance inspection department, rating bureau, or other insurance 
company representative may be the "authority having jurisdiction". In many 
circumstances the property owner or his delegated agent assumes the role of 
the "authority having jurisdiction"; at government installations, the 
commanding officer or departmental official may be the "authority having 
jurisdiction." 

APPROVED FOR THE PURPOSE 

Approved for a specific purpose,, environment, or application described in a 
particular Code requirement. 

Suitability of equipment or materials for a specific purpose, environment 
or application may be determined by a nationally recognized testing labora- 
tory, inspection agency or other organization .concerned with product evalua- 
tion as part of its listing and labeling program. (See "Labeled" or tlListed't.) 

The above paragraph note to this definition has been included for information 
because it had been interpreted by some to mean that only the.authority 
having jurisdiction can determine the acceptability of equipment or materials 
for a specific purpose, environment or application. This fine print note 
provides a basis whereby.authorities having jurisdiction can. accept listed 
or labeled materials or deyices that have been evaluated by nationally 
recognized testing laboratories. 

ASKAREL 

A generic term' for a group of nonflammable synthetic chlorinated hydrocarbons 
used as electrical insulating media. Askarels of various compositional 
types are used. Under arcing conditions the gases produced, while consisting 
predominantly of noncombustible hydrogen chloride, can include varying 
amounts of combustible gases depending upon the askarel type. 

ATTACHEMENT PLUG (PLUG CAP) (CAP) 
. Y 

A device which, by insertion in a receptacle, establishes connection between 
the conductors of the attached flexible cord and the conductors connected 
permanently to the receptacle. 

BONDING 

The permanent joining of metallic parts to form an electrically conductive 
path which will. assure electrical continuity and the capacity to'conduct 
safely any current likely to be imposed. 



BONDING JUMPER 

A reliable conductor to assure the required electrical conductivity between 
metal parts required to be electrically connected. 

BONDING JUMPER, CIRCUIT 
% . .  

The connection between portions of a conductor in a circuit 'to maintainc ., 
required ampacity of the circuit. 

, . i  

BONDING JUMPER, EQUIPMENT 
T .  

The connection between two or more, portions of . the . :equipment grounding -. 
conductor. 

. . . .  : . , .  

BONDING JUMPER, MAI'N . . 

. . 

The, connection between the grounded circuit conductor and ,the. eq<ipment - . 

grounding conductor at the service. 
. . :. . . 

BRANCH CIRCUIT . - 
The circuit conductors between the final overcurrent device protecting the 
circuit and the outlet(s). 

BRANCH CIRCUIT, APPLIANCE 

A branch circuit supplying energy to. one or more outlets to which appliances 
are to be connected; such circuits to have no permanently connected lighting 

. . 
fixtures not a part of an appliance. .. . 

s .  2 

BRANCH CIRCUIT, GENERAL PURPOSE 

A branch circuit that supplies a number of outlets for lighting and appliances. 

BRANCH CIRCUIT, INDIVIDUAL 
. , 

A branch circuit that supplies only one utilization equipment. 

An individual circuit is a circuit that supplies "onlyT' one'. utilization 
equipment, that is, one range, or one space heater, or one motor. See 
Section 210-23. 

* .  

It may supply ftonly" one single receptacle for the connection.of a.single 
attachment plug. See Section 210-21(b). . s 

A branch circuit may be installed to supply one duplex receptacle.which can. 
accommodate two cord-and plug-connected ' appliances or' similar equipment and 
therefore this circuit would not be considered an, individual. branch circuit. 



BRANCH CIRCUIT, MULTIWIRE 

A branch circuit consisting of two or more ungrounded 'conductors having a 
potential difference between them, and an identified grounded .conductor 
having equal potential difference-between it and each ungrounded conductor 
of the circuit and which is connected to.the neutral conductor of . . the 
system. 

. . 

BUILDING , 

A structure which stands alone or which is cut off from adj.oining:structures: 
by fire walls with all openings. therbin.protected by approved..fire doors. 

A building is a structure used or'intended for supporting or sheltering any. 
use or occupancy. Definitions of the terms "fire wallsff and "fire doors" 
are the'.responsibility of the municipal and/or state building codes and 
interpretations of '!building termsfi have been avoided by NEC committees. 
Fire-resistance rating is defined as the time, in.minutes or hours, that' 
materials or assemblies have withstood a fire exposure. 

I CABINET 

An enclosure designed either for surface or flush mounting and provided 
with a frame, mat, or trim in which a swinging .door or doors are. or may be 
hung. 

Both cabinets and'cutout boxes are covered in Article 373. Cabinets are 
designed for surface or flush mounting with a trim to which a swinging 
door(s) is hung. Cutout boxes are designed for'surface mounting with a 
swinging door(s) .secured'directly to the.box. 

. . 

I CIRCUIT BREAKER . . 
. . 

A device designed to open and close a circuit by nonautomatic means.and to 
open the circuit automatically on a.predetermined overcurrent without 
injury.to itself when properly applied within .its rating. 

see definition in Part B of this article for definition applying to circuits 
and equipment over 600 volts, nominal. 

I ADJUSTABLE (As Applied To Circuit Breakers) 

A qualifying term indicating that the ciruit breaker can be set to.trip at 
, 

various values of current and/or time within a pre-determined range. 

INSTANTANEOUS TRIP (As Applied To Circuit Breakers) . " . .  . 

A qualifying term indicating that no'delay is purposely introduced in the 
tripping action of the circuit breaker. 



INVERSE TIME (As Applied To Circuit Breakers) 
. . 

A qualifying term indicating there is purposely introduced a delay in the 
tripping action of the circuit breaker, which delay decreases as the 
magnitude of the current increases. ' . . 

NONADJUSTABLE (As Applied To Circuit Breakers) 

A qualifying term indicating that the circuit breaker does not have any. 
adjustment to alter the value of current at which it will trip or the time 
required for its operation. 

SETTING (Of Circuit Breaker) , . 

The value of current and/or .time at which an adjusxable circuit. breaker is 
set to, trip. 

CONCEALED , 

~endered' inaccessible by the structure or finish of the building. Wires in 
concealed raceways are considered.concealed, even though they may become 
accessible by withdrawing them. [See vAccessible - (As applied to wiring , . 
methods) ."I 

~acewa~k and cables supported within the hollow f,r&nes or permanently 
closed in by the finish of buildings are considered "concealed". Open-type 
work, such as raceways and cables in open areas, for example, in unfinished 
basements, in accessible underfloor,areas or attics, or attached.to the 
surface of finished areas, which may be removed without damage to the . 

building structure or finish is not considered "~oncealed~~. See definition 
of "Exposed (as applied to wiring methods) ." 
CONDUCTOR 

BARE: A conductor having no covering or electrical insulation whatsoever. 
(See "Conductor, Covered,") 

COVERED: 'A conductor encased within material of composition or thickness 
that is not recognized by this Code as electrical insulation. (See "Conduc- 
tor, Bare".) 

INSULATED: A conductor encased within material of composition and thickness 
that is recognized by this Code as electrical insulation. 

CONDUIT BODY 

A separate portion of a conduit or tubing system that'provides access 
through a removable cover(s) to the interior of the system at a junction of 
two. or more sections of the system or at a terminal point of the system. . 

> '  

Boxes.such as FS and FD or larger cast or sheet,metal boxes' are not classified 
as. conduit. bodies. See   able 370-6(a).. , 



This definition is intended to clarify that conduit bodies are a portion of 
a raceway system with removable covers to allow access to the interior of 
the system. 

In the past, conduit bddies have been commonly refersed to in the trade as 
condulets of the LB, LL, LR, C, and T.conduit fittings. Section 300-15, 
345-14, 346-15, 347-16, 348-14, 348-15, 370-1, 370-6(c), and 370-18(a): 
Exception may be referred to for the rules, on the usage of conduit bodies. 

A device that establishes a connection between two or more conductors or 
between one or more conductors and a terminal by means of mechanical 
pressure and without the use of solder. 

CONTINUOUS LOAD 

A load where the maximum current is expected to continue for three hours or 
more. 

CONTROLLER 

A device or group of devices that serves to govern, in some predetermined 
manner, the electric power delivered to the apparatus to which it is connected. 
See also Section 430-81(a). 

A wcontrollerff is any switch, circuit breaker, or device normally used to - .  
start and stop motors and other apparatus and, in the case of motors, is to 
be capable of interrupting the stalled-rotor current of the motor. 

COPPER-CLAD ALUMINUM CONDUCTORS. 

Conductors drawn from a copper-clad aluminum rod with the copper metallur- 
gically bonded to an aluminum core. The copper forms a minimum of 10 
percent of the cross-sectional area of a solid conductor or each strand of 
a stranded conductor. 

CUTOUT BOX 

An enclosure designed for 'surface mounting and having swinging doors or 
covers secured directly to and telescoping with the walls of. the box proper. 
(See "Cabinetff. ) 

DEAD .FRONT 

Without live parts'exposed to a person on the operating side of the equipment. 

DEVICE 

A unit of ah electrical system which is intended to carry but riot utilize 
electric energy. 

units, such as switches, circuit breakers, receptacles, and lampholders, 
that distribute or control, but. do not consume, electricity are termed devices. 



DISCONNECTING MEANS 

A device, or group of devices, or other means by which the conductors of a 
circuit can be disconnected frbm their source of supply. 

See definition in Part B of this article fordefinition applying . . to circuit; 
and equipment over 600 volt.s, nominal. 

For disconnecting means for service'equipment see Part H of ArticPe..230; 
for fuses and thermal cutouts, see Part D of Article 240;.for circuit' 
breakers, see Part G of Article 240; for appliances, see Part D of Article , 

422; for space heating equipment,. see Part C 'of Article 424; for motors and' 
controllers, see Part H of Article 430, and for air-conditioning and refrig- 
erating equipment, see Part B of Article 440. See also references for 
"Disconnecting Meansw in Index. 

DWELLING 

DWELLING UNIT: One or more rooms for-the use of one,or more-persons as a 
housekeeping unit with space for eating, living, and sleeping, and permanent 
provisions for cooking and sanitation. 

MULTIFAMILY DWELLING: A building cbntaining three or more dwelling units. 

ONE-FAMILY DWELLING: A building consisting solely of one dwelling unit. 

TWO-FAMILY DWELLING: A building consisting solely of two dwelling units. 

ENCLOSED 

Surrounded by a case, housing, fence or walls which will prevent persons 
from accidently contacting.energized parts. 

ENCLOSURE 

The case or .housing of apparatus, or the fence orwalls surrounding an 
installation to prevent personnel from accidentally contacting. energized 
parts, or to protect the equipment from p'hysica- damage. 

EQUIPMENT 

A general term including material, fittings, devices, appliances?. fixtures, 
apparatus,'and the like used as a part of, or in connection with; an electri- 
cal installation. 

EQUIPMENT GROUNDING CONDUCTOR 

See "Grounding Conductor, Equipment". 

EXPLOSION-PROOF APPARATUS 

Apparatus enclosed in a case that is capable of withstanding an explosion 
of a specified gas or vapor surrounding the enclosure by sparks, flashes, 



or explosion of the gas or vapor within, and which operates at such an 
exterpal .t.empe.rature that a surrounding. flammable atmosphere will not be 
ignited thereby. . . 

EXPOSED . (As Applied To Live Parts) 

Capable of bcing ii~hdverreiltly touched or 'apljroached.hearer than a safe 
distance by;a person. It is applied to parts not suitably guarded, isolated, 
or insulated. . '(See llAccessiblew and'~llConcealed". ) 

. . 

EXPOSED (AS' Applied To ' Wiring Methods). . . . . 
' ,  . . . .  

On. or attached'to the surface or behind'j?knels designed to allow access. 
[See "Accessible - (As applied to wiring methods)".] 
EXTERNALLY OPERABLE 

Capable of being operated without exposing the operator to contact with 
' /  , . . 

live p,arts. ' 

.. , . , 

. . . . .  
FEEDER 

A1 1 circuit -con&ctors between the service equipment, ' or .the generator 
switchboard of an isolated plant., and the final branch-circuit'overcurrent . . 
device. ' ' 

FITTING " 

An accessory such as a locknut, bushing, or other part of a wiring system 
that is intended primarily to perform a mechanical rather than an electrical 

' . function. 

GARAGE 

A building or portion of a building in which one or more self-propelled 
vehicles carrying volatile flammable liquid for fuel or power are kept for 
use, sale, storage, rental, repair, exhibition, or demonstrating purposes, 
and all that portion 0f.a building which is on or below the floor or floors 
in which such vehicles are kept and which is not separated therefrom by 
suitable cutoffs. 

GROUND , . 

I A conducting connection, whether intentional or accidental; between an 
electrical, circuit or equipment and the earth, or to some,conducting body 
that serves in place of the earth. 

I GROUNDED 



GROUNDED CONDUCTOR 

A system or conduit conductor that is intentionally grounded. 

GROUNDING CONDUCTOR 

A conductor used to connect equipment or the grounded circuit of a wiring 
system to a grounding electrode or electrodes. 

GROUNDING'CONDUCTOR, EQUIPMENT 

The conductor used to connect the noncurrent-carrying metal parts of equip- 
ment, raceways, and other enclosures to the system grounded conductor 
and/or the grounding electrode conductor at the service equipment or at the 
source of a separately derived system. 

The conductor used to connect the grounding electrode to the equipment 
grounding conductor and/or to the grounded conductor of the circuit at the 
service equipment or at the source of a separately derived system., 

The grounding electrode conductor is to be of copper, aluminum,.or copper- 
clad aluminum and is used to connect the equipment grounding conductor 
and/or the grounded conductor (at the service equipment or at the separately 
derived system) to the grounding electrode for either grounded or ungrounded 
systems. It is sized by using Table 250-94. See also Article 250 Parts H 
and J. 

GROUND-FAULT CIRCUIT-INTERRUPTER 

A device whose function is to interrupt the electric circuit to the load . 

when a fault current to ground exceeds some predetermined value that.is 
less than that required to operate the overcurrent protective device of the 
supply circuit. 

GUARDED 

Covered, shielded, fenced, enclosed, or otherwise protected by means of 
suitable covers, casings, barriers, rails, screens, mats, or platforms to 
remove the likelihood of approach or contact by persons or objects to a 
point of danger. 

See Section 110-17, 110-34, 430-133, 450-7, and Article 710. 

ISOLATED - 
Not readily accessible to persons unless special means for access are used. 

See Sections 110-31, 110-34, and 710-22. See definition of "Switch, Isolating" 
in Article 100. 



LABELED 

Equipment or materia1.s having a label, symbol, or other identifying mark of 
a nationally recognized te.sting laboratory, inspection agency, or other 
organization concerned with product evaluation that maintains periodic 
inspection of production of labeled equipment or materials and by whose 
labeling is indicated compliance with nationally recognized standards'or 
tests to determine suitable usage in a specified manner. 

Equipment and conductors required or permitted by this Code are acceptable 
only when approved for a specific environment or application by the authority 
having jurisdiction. 

"Listing" or "labeling" .by a nationally recognized testing laboratory will 
provide a basis for 'approval. See Section 90-6. 

LIGHTING OUTLET 

An outlet intended for the direct connection of a lampholder, a lighting 
fixture, or a pendant cord terminating in a lampholder. 

I LISTED 

: Equipment or materials included in a list published by a nationally recognized 
testing laboratory, ,inspection agency,. or other organization concerned with 
product evaluation that maintains periodic inspection of'pro'duction of 
listed equipment or materials, and whose listing states either that the 
equipment or material meets national1y.recognized standards or has been 
tested and found suitable for use in a specified manner. 

The means for identifying listed equipment may vary for each testing labor- 
atory, inspection agency, or other organization concerned with product. 
evaluation, some of which do not recognize equipment as listed unless it is 
also labeled. The. authority having jurisdiction should utilize the system 
employed by the listing organization to identify a listed product. 

See comments that follow the definition of "Labeledw. 

I1 LOCATION 

DAMP LOCATION: Partially protected locations under canopies, marquees, 
roofed open porches, and like locations, .and interior locations subject to 
moderate degrees of moisture, such as some basements, some.bars, and some 

. cold-storage warehouses. 

DRY LOCATION: A location not normally subject to dampness or wetness. A 
location classified as dry may be temporarily subject to dampness or wetness, 
as in the case 0f.a building under construction. 

WET LOCATION: Installations underground or in concrete slabs or masonry in 
direct. contact with the earth, and locations subject to saturation with 
water or other liquids, such as vehicle washing areas, and locations exposed 
to weather and unprotected. 
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. LOW-ENERGY POWER CIRCUIT 

A circuit that is not a remote-control or signaling circuit but has its 
power supply limited in accordance with .the requirements of Class 2 and 
Class 3 circuits. (See Article 725.) 

MULTIOUTLET, ASSEMBLY 

A type of surface or flush raceway designed to'hold conductors and receptacles, 
assembled in the field or at the factory. 

In dry locations, metallic and nonmetal-lic multioutlet assemblies. are 
permitted; however, they are not to be installed where concealed. See 
Article 353 for details of recessing these assemblies. 

I OUTLET 

A point on the wiring system at which'current is' taken to supply utilization 
equipment. 

OVERCURRENT 

Any current in excess of the rated current of equipment or the ampacity of 
a conductor. It may result from overload (see definition) short circuit, 
or ground fault. . 

A'current in excess of rating may be accommodated by certain equipment and 
conductors for a given set of conditions. Hence the rules.for overcurrent 
protection are specific for particular situations. 

OVERLOAD 

Operation of equipment in excess of norma1,'full load rating, or of a con- 
ductor in excess of rated.ampacity which, when it persists for a sufficient 
length of time, would cause damage or dangerous overheating. A fault, such 
as a short circuit or ground fault, is not an overload. (,See ltOvercurrent".) 

For motor apparatus application, see Section 430-31. 

I PANE LBOARD 

A single panel or group of panel units designed for assembly in.the,form of 
a single panel; including buses, automatic overcurrent devices,. and,with or 
without switches for the control of light, heat, or power circuits; designed 
to be placed in a cabinet or cutout box placed in or against a wall or par- 
tition and accessible only from. the front. (See tlSwitchboardtt.) 

POWER OUTLET 

An enclosed assembly which may include receptacles, circuit breakers, fuse- 
hqlders, fused switches., buses and watt-hour meter mounting means; intended 
to. supply and control power to mobile homes, recreational' vehicles or 
boats, or to serve as a means for distributing power required to operate, 
mobile or temporarily installed equipment. 



PREMISES WIRING.(SYSTEM) 

That .interior and exterior wiring, including power, lighting, control, and 
signal circuit wiring together with all. of its associated hardware, fittings, 
and wiring devices ,' both permanently and temporarily installed, which 
extends from the load end of the service drop, or load end of the service 
lateral conductors to. the outletcs). Such wiring does not include wiring 
internal to appliances,. fixtures, .motors, controllers, motor control centers, 
and similar equipment : 

'QUALIFIED ' PERSON , 

,One famili,ar with. the construction- and operation of the equipment. and the 
hazards involved. . , 

. . '  

RACEWAY 

A channel' designed expressly for holding wires, cables, or busbars, with 
additional functions as permitted in.this Code. , . 

Raceways may be of metal or insulating material, and the term includes 
rigid metal conduit, rigid nonmetallic conduit, intermediate metal conduit, 
liquidtight flexible metal conduit, flexible metallic tubing, flexible 
metal conduit, electrical metallic tubing, underfloor raceways, cellular 
concrete floor raceways, cellular metal floor raceways, surface raceways, 
wireways, an$ busways. c 

fi 

RAINPROOF 

So constructed, protected, or treated as to prevent rain from interfering 
w-ith successful operation of the apparatus. 

RAINTIGHT 

So constructed or protected that exposure to a beating rain will not result 
in the entrance of water. 

Raceways on exterior surfaces of buildings are to be made raintight. See 
Sections 225-22 and 230-53. 

For boxes and cabinets, see Section 300-6. 

READILY ACCESSIBLE . . 

capable of being. reached quickly for operation, renewal, or inspections, 
without requiring those to whom ready access is requisite to climb over or 
remove obstacles or, to resort to ,.portable ladders, chairs, etc. (See 
"Accessible".) 

Overcurrent devices are to be readily accessible. See Section 240-24(a). 
There is considered to be a high degree of safety when switches or circuit 
breakers can be disconnected quickly without being hindered by obstacles. 
See Section 230-72(c) for services. See also the Exceptions to this rule 
for services, Section 230-91; for busways, Section 364-12;'and for supple- 
mentary overcurrent protection, Section 240-10. 



RECEPTACLE 

A receptacle is a contact devi'ce installed at the outlet for the connection 
of a single attachment plug. L I  ' 

A single receptacle is a single contact device with no .other contact device 
on the same yoke. A multiple receptacle is a single 'device containing two 
or more receptacles. 

The basic'.receptacle is a single contact'. device for the connection of'a 
' 

single attachment plug. A multiple receptacle is a contact 'device containing 
two or more receptacles for the -connection of two. or more attachment plugs. 

RECEPTACLE OUTLET 

An outlet where one or more receptacles are installed. 

REMOTE-CONTROL CIRCUIT 

Any.electric circuit' that controls any other circuit through a relay or an 
equivalent device. 

I SEALABLE EQUIPMENT 

Equipment enclosed in a case or cabinet that is provided with a means of 
sealing or locking so that live parts cannot be made accessible without 
opening ,the enclosure. The equipment may or may not be operable without 
opening the enclosure. 

SERVICE . . 

The conductors and equipment for delivering energy from the electricity 
supply system to the wiring system of the premises served. 

I SERVICE CABLE 

Service conductors made up in'the form of axable: 

The supply conductors that extend from the street main or from transformers 
to the service equipment of the premises supplied. 

Service conductors from an overhead distribution system originate at the 
utility pole, 'or wires attached to it, and terminate at the service equipment. 

Service: conductors from an underground distribution system originate at the 
utility manhole and terminate at the service equipment. When primary 

, conductors are extended to outdoor pad-mounted .or underground transformers 
on private property, the service conductors originate at the secondary 
connections of the transformers. 

See Article 230, Part K for service conductors exceeding 600 V. 



SERVICE DROP 

The overhead service conductors from the last or other.aeria1 support 
to and including the splices, if any; connecting to the service-entrance 
conductors at 'the building or other structure.' 

SERVICE-ENTRANCE . . CONDUCTORS, OVERHEAD SYSTEM 

The service conduc,tors between, the. terminals of the service equipment and a 
point usually outside .the building, clear of building walls, where joined . 
by tap or splice t.o the service drop. 

SERVICE-ENTRANCE CONDUCTORS, UNDERGROUND SYSTEM 

The service conductors between the terminals of the service equipment and 
the point of connection 'to the service' lateral. 

Where service equipment is located outside the building walls, there may .be 
no service-entrance,.conductors, . . or.they may be entirely outside the building. 

SERVICE EQUIPMENT 

The necessary equipment, usually consisting of a circuit breaker or switch 
and fuses, and their accessories, located near the point of entrance of 
supply conductors to a building or other structure, or an.otherwise defined 
area, 'and intended to constitute the main control'and means of cutoff of 
the supply. 

Service equipment consists of a circuit breaker or a fused switch provided 
to disconnect all conductors in a building or other structure from the 
service-entrance conductors. 

The disconnecting means is to consist of not more than six circuit breakers 
or six switches and be readily accessible, either inside or outside the 
building or structure nearest the point of entrance of the-service-entrance 
conductors. 

See Article 230, Part H. 

SERVICE LATERAL 

The underground service conductors between the street main; including any 
risers at a pole or other structure or from transformers, and the first 
point of connection to the service-entrance conductors in.a terminal box or 
meter or other enclosure with adequate space, inside or outside the building 
wall. Where there is no terminal box, meter, or other enclosure with 

, - 
adequate space,. the'point of connection shall be considered to be the point 
of en~rance' of the service conductors into the building. 

SERVICE RACEWAY 

The raceway that encloses the service-entrance conductors. 



SETTING (Of Circuit Breaker) 
. . 

The'value of the current at which it is set to trip'. . .  . . . , . .  

SIGNALING CIRCUIT 

Any electric circuit that energizes signaling equipment. .. ,< , . <%; ! . ' 

SPECIAL PERMISSION F . . , .'.. ., . . ~ ,.; . .  , 
. . 

The written consent of the authority having jurisdiction. 

The authority having jurisd,iction . for enforcement of the Code has' responsi- 
bility for making interpretations and granting special~permission'contemplated 
in a number of.the rules. Examples, see Section 110-'16(a), Exception No, 

I 

2, or Section 230-2, Exception No. 4. 

SWITCHBOARD . .  . . . . .  , '  

. . 
A large single panel, frame, or assembly' of panels on which are mounted, on 
the face or back or both, switches, overcurrent and other protective devices, 
buses, and usually instruments. Switchboards are generally accessible from 
the rear as well as from the front and are not intended to be installed in 

I cabinets. (.See "Panelboard" . ) 
Busbars are to be arranged to avoid inductive overheating. 

Service, busbars are to be isolated by barriers from the remainder 'of' the 
switchboard. 

~ o s t  modern switchboards are totally enclosed to reduce to a minimum the 
probability of communicating fire to adjacent combustible materials and to 
guard live parts. , . ,  

VOLTAGE (Of A Circuit) 

The greatest root-mean-square (effective) difference' of potential between 
any two conductors of the circuit concerned. 

Some systems, such as 3-phase 4-wire,,single-phase 3-wire, and 3-wire 
.' . 

direct-current may have 'various circuits of various. voltages. 
. . 

A 3-phase, 4-wire wye system has two voltages (2771480, 1201208). The 
"voltage of the circuit" is the highest voltage between any two.conductors,, 
that is, 480 V and 208 V. The "voltage of the circuit" of a 2-wire feeder 
or branch circuit (one phase and the grounded conductor) derived from the 
above systems- would be the' voltage between the two wires of the lower 

, . voltage, that 'is, 277 V -and 120 V. . 
. . . . . . 

The same applies to DC or single-phase, 3-wire systems where there are two 
I .  _I . - voltages. 



VOLTAGE, NOMINAL' 

A nominal value assigned to a circuit or system for 'the purpose of conven- 
iently designating ':its voltage class (,as 120/240, 480Y/277, 600,. etc.) ; 

The actual voltage at which a circuit operates can vary from the nominal 
within a range 'that permits s,atisfactory operation -of equipment.' 

See "Voltage Ratings for Electric Power Systems and Equipment (60Hz), 
ANSI C84.1-1970 and supplement C.84.la-1973. 

VOLTAGE. TO GROUND 

For grounded ci'rcuits., .the voltage between the given conductor and that 
point or conductor of the circuit that is grounded; for ungrounded circuits., 
the greatest voltage between the given conductor and any other conductor of 
the circuit. 

The I1voltage to groundf1 of a 277/480 V wye system would be 277 V; of a 
120/280 V wye system wouid be 120 V; and a 3-phase, 3-wire ungrounded 480V 
system, 480 V. 

WATERTIGHT 

So constructed that moisture will not enter the.enclosure. 

WEATHERPROOF 

So constructed.or protected that exposure to the weather will not interfere 
with successful operation. 

Rainproof, raintight, or watertight equipment can fulfill the requirements 
for weatherproof where varying weather conditions other than wetness, 'such 
as snow, ice, dust, or temperature extremes, are not a factor. 

ARTICLE 110 - INSTALLATIONS 
110-2 APPROVAL 

The.conductors ,and equipment required or permitted by this Code shall be 
acceptable only when approved. 

. . . . 

See Examination of Equipment for Safety, ,Section llG-3. See definitions of. 
llApprovedll, "Approved for the purpose", "Labeled", and "Listed1'. 

Approval of equipment is the responsibility of the electrical inspection 
authority and many such llapprovalsfl are based on tests' and listings of . . 

nationally recognized testing laboratories such as Underwriters Laboratories 
Inc. (UL) . Plublished lists indicating electrical equipment that has been 
examined can be secured from UL representatives in principal cities of the 
United States. . 



110-8 WIRING METHODS 

Only wiring'methods recognized as suitable are included in this Code. The 
recognized methods of wiring shall be permitted to be installed in any type 
of building or occupancy, except as otherwise provided in this Code. 

The scope of Article 300 applies generally to all wiring methods, except as 
amended, modified, or supplemented by Chapter 5 (special Occupancies), 
Chapter 6 (Special Equipment), and Chapter 7 (Special Conditions). 

Chapter 8 (Communications Systems) is independent of the other chapters 
except where it is specifically referenced by the Code. 

Commentary : 

The "recognized methods of wiring" are discussed i n  detail i n  Article 300. 

Article 545 - . Manufactured . Building which "covers requirements for a manufactured 

building and/or building componentsft incZudes modifications of Article 300 

wiring methods which could pertain to  the photovoltaic module. These modifica- 

tions along with their impor'tance are discussed i n  Chcqter Three and Article 

54 5 commentaries . 

11 0- 14 ELECTRICAL CONNECTIONS 

Commen tary : 

This sectionestablishes general requirements for electrical connect'ions 

both terminals and splices. The entire section including NEC Handbook 

~ommentc&y i s  reprinted here. FoZlo&ng the reprinted material i s  a brief 

comment concerning quick connect terminals. 

110-14 ELECTRICAL CONNECTIONS 

Because of different characteristics of copper and aluminum, devices such 
as pressure terminal or pressure splicing connectors and soldering lugs . 
shall be suitable for the material of the conductor and 'shall be properly 
installed and used. Conductors of dissimilar metals shall not be intermixed 
in a terminal or splicing connector where physical 'contact occurs between 
dissimilar conductors ('such as copper and aluminum, copper and copper-clad 
aluminum, or aluminum and copper-clad aluminum), unless the device is 
suitable for the purpose and conditions of use. Materials such as solder, 
fluxes, inhibitors, and compounds, where.employed, shall be suitable for 
the use and shall be of a type which will not adversely affect the conductors, 
installation, or equipment. 



(a) TERMINALS 
Connection of conductors to terminal parts shall ensure a thoroughly 
good connection without damaging. the conductors and shall be made by 
means 'of pressure connectors ('including set-screw type), solder lugs, 
or splicos to flcxiblc leads. 

Exception: Connection by- means of wire binding screws or studs and 
nuts having upturned lugs or equivalent shall' be permitted for No. 10 
or smaller conductors. 

~erminals for more than one conductor and terminals used. to connect 
aluminum shall be of a type approved for the purpose. 

(b) SPLICES 
Conductors shall be spliced or joined with splicing devices suitable 
for the use or'by brazing, welding, or soldering with a fusible metal 
or alloy. Soldered splices shall first be so spliced-ebr joined as to 
be mechanically and electrically secure without solder and then 
soldered. All splices and joints and the free ends of conductors 
shall be covered with an insulation equivalent to that of the conductors 
or with an insulating device suitable for the purpose. 

Field observations and trade magazine articles indicate that failures 
of electrical connections are.the cause of many equipment burn-outs 
and fires. Many of these failures are attributable to improper 
terminations, poor workmanship, different characteristics of dissimilar 
metals, and improper binding screws or splicing devices. 

Recent revisions in Underwriters Laboratories Inc. requirements for 
listing solid aluminum conductor in sizes No. 12 and 10 AWG and for 
listing snap switches and receptacles for use on 15- and 20-A branch 
circuits incorporate stringent tests which take the factors listed in 
the previous paragraph into account. 

SCREWLESS: PRESSURE TERMINAL CONNECTORS OF THE CONDUCTOR PUSH-IN TYPE 
ARE FOR USE WITH COPPER AND. COPPER-CLAD ALUMINUM CONDUCTORS ONLY. 

Instructions describing proper installation techniques and emphasizing 
the need to follow these techniques and practice good workmanship are 
required to be included with each coil of No. 12 and No. 10 AWG insulated 
aluminum wire or cable. 

New product and material designs which provide for increased !eyeis ~f 
safety of aluminum wire terminations have recently been developed by 
the electrical industry. 

To assist all concerned parties in the proper and safe use of ;ol'd 
aluminum wire in making connections to wiring devices used on 15- and 
20-A branch circuits ,' the following information is presented. Under- 
standing and utilizing this information is essential to proper appli- 
cation of materials 'and devices now available. 



For New Installations 

The following was prepared by the Ad Hoc Committee on Aluminum Termin- 
ations: coinply with Section 110-14'(a) of the 1978 NEC when aluminum 
wire is used in new installations. . . .  

New Materials and Devices 

' a. For direct connection use only 15- and 20-A receptacles and switches 
marked llCO/ALRtl and connected as described under "Installation Method." 

The I1CO/ALRW marking is on the device mounting strap. The I~CO/ALR~~ 
marking means the 'devices have been tested to stringent. heat cycling 
requirements to determine their suitability for use with UL labeled 
aluminum, copper, or copper-clad aluminum wire. 

. . 
1. Strip. wires 3/8" 
2. Pretwisting unnecessary. Hold stripped wires together with ends 

even. (Lead stranded wires slightly.) 
3.  Screw on connector - push wires firmly into connector when 

starting. 
COPPER TO COPPER 
ALUMINUM TO ALUMINUM 
COPPER TO ALUMINUM (dry locations only) 

Temperature rating: 150° C. (302'~). Max 
Listed as a PRESSURE TYPE wire connector on.the following solid and/or 
stranded wire combinations. 

2 or 3 #8 3 1.0 with 1 or 2 # 14 
2 # 8 with 1 or 2 # 10 2 # 10 with lj 2, 3, or 4 # 12 
2 # 8 with 1, 2, or 3 # 12 2 # 10 with 1,. 2, or 3 # 14 . 
1 # 8 with 1, 2, 3, or 4 #10 1 # 10 with 1, 2, 3, 4, or 5# 12 
1 # 8 with 1, 2, 3, 4, or 5# 12 1 10 with 1, 2, 3, or 4 # 14 
3 # 8 with 1 # 12 2, 3, 4, 5, or 6 # 12 
2, 3, 4, or 5 # 10 4 # 12 with 1 or 2 # 14 
5 # 10 with 1 # 12 3 # 12 with 1, 2, or 3 # 14 
4 ff 10 with 1 or 2 # 12 2 # 12 with 1, 2, or 3 # 14 
4 # 10 with 1 # 14 1 # 12 with 2, 3, or 4 # 14 
3 # 10 with 1, 2, or 3 # 12 



Note. Deta~led installat~on instrrictlons TO branch-arcuit wiring 
provded with pressure wire 
connectors must be folbwed 

amper lead 
(pgtail) No. 1 9 1  2 AWG connected 
to wlnng device 

From branch- Aluminum wire U.L listed AUCU insulated wire connector 
' 

provided in canon marked "FOR DRY 
LOCATIONS ONLY' and for the aluminum , 

\rJ w p p e r  combinations for which it is 
suitable . . 

F~gurt 110.2. Ptpailtng copper to rlumlnum conducror. (Underwritur &boratorirr k c . )  

h'otr. Pigtailing. either field- or.factory-wired, as illustrated in. Figure 110.2, is 
recognized by the NEC. . . . ' . . . ., 

. . . . ., . 

NOTE: pigtailing, either field- or factory-wired,; as 
.illustrated in Figure 110-2, is re'cognized by.the NEC. 

b. Use solid aluminum wire, No. 12 or 10 AWG, marked with the 
Underwriters Laboratories' new aluminum insulated wire label, as 
shown in Figure 110-3. Follow the installation instructions packaged 
with the wire. Conductor bearing this UL label is judged under the 
requirements for the chemistry, physical prop-erties, and processing of 
the conductor which became effective September 20, 1972. 

Installation Method 

1. Wrap the freshly stripped end of the wire two-thirds to three- 
quarters of the distance arouna the wire-binding screw post, as 
.shown in Step..A of Figure 110-.3. 

The loop is made so that rotation of the screw in tightening-will 
tend to wrap the wire around the post rather than unwrap it. . 

2 .  ~ i ~ h t e n  the- screw until the .wire.: is snugly' in contact with the 
underside of the screw head and with the contact plate on the 
wiring device, as. shown in Step B of Figure 110-3. 

. . ,  , . .  

INSULATED I ALUMINUM WIRE I 
NOT OVER ' ' " 

. 1 500 NO ~ s e r i a l  ~ b . 1  I ' 
1 I 

PRINTED IN U.S.A. 
- - - I  

' , 0 '  

Coned method of terminating , 

aluminum wire at wire-binding- Two-thirds 
screw terhnals of receptacles 
and snap switches Three-quaden 

Step A: Strip and wrap wire 



Screw tightened an add~tional half-turn. mntad , or to 12 bin.  
M// - .  

cantah plate on wirtng . . 
device marked "COIALR" , :. 

Step B: T19h:en screw to lull contad Step C: Complete connection 

. . 

Figure 110- 3. Correct method of terminating aluminum ,wire 
at wire-binding s.crew terminals of receptacles and snap 
switches. .(Underwriters Laboratories Inc.) 

3. Tighten the screw an additional one-half turn, thereby providing 
a firm connection. 'Where torque screwdrives are used, tighten to 
12 pound inches. See Step C of Figure 110-3. 

4. Position the wires behind the wiring device ,so as .to decrease the 
likelihood of the terminal screws loosening when the device is 
positioned into the outlet box. . . 

Figure 110-4 illustrates incorrect methods for connection and 
should not be used. 

Incorrect 
t~ghlening torque Incorrect wlre wrap 

Less than 
Go-th~rds wrap 

Figure 110-4. incorrect methods of terminating aluminum 
wire, at wire-binding screw terminals.of receptacles and 
snap switches. (Underwriters . . Laboratories Inc. ) 



ÿ xi st in^ Inventory . ' , ' 

When UL-labeled solid aluminum wire No. 12 and. 10 AWG not bearing the 
new aluminum wire label .is used, .it should be.used with wi.ring devices 
marked 1 1 ~ ~ / ~ ~ ~ 1 1  and connected as described in llInstallation Methodt1. 
This is the preferred and recommended method for using such wire. 

Note.. Pigtailing, either field- or factory-wired, as illustrated in 
Figure 1'10-2,' i's recognized:~ the NEC. 

" 

In the following types of devices the' terminals shall ,not be directly 
connected to .aluminum conductors, but may be used with UL-labeled 
copper or copper-clad~conductors: 
Receptacles and snap switches marked "AL-CUtl 
.Receptacles and snap ,switches having no conductor marking 
Receptacles and snap switches having "backwired, terminals or screwless 
terminals of the push-in type. 

For Existing Installations 
. .  . 

If examination discloses overheating or loose connections the recohenda- 
tions described under.llFor New Installations - Existing Inventoryl1 
should be followed. 

Commentary : 

Based on the terminal costing study.done a8 p a r t  of the Electrical Interface 

Studies (see'~ppend& 1.5 - ~tudies) . .and.  a sihdy'prepmed by 

Bechtel Corporation (Ref: "Engineering Study of  the ModuZe/Am~ry Interface 

for Large Terres triu Z ~hotovo l t a h  ~rnq j s " ,  Bechte Z Corporation, Ju.ne 19 7 7, 

F i ~ l  Report pp. 71-82) ERDA/JPL/~S%~-  77/1, quick connect temriMls 

appear to  be the most economical inter module or module-to-array branch 

circuit  connectors ., 

Although quick connect terminals are not specifically mentioned i n  the NEC 

t es t ,  there i s  reference (see the third paragraph following 110-14(b) of 

the NEC Comentary) t o  a "screwless pressure t e d n a l  connector of the . 
conductor push-in type" These are quick connect terminats. Quick connect 

do meet the requirements of the NEC for electrical connections, as long as 

they are testing laboratory approved. (UL S-d 31 0 for Quick Connect 

T e d n a l s  requires the use of copper and copper-clad alwninwn conductors 

only.) 

One modular 2<ghti,ng .and . conununications . system presently used i n  the ,building 

industry uses a-quick connect terminal; a c t u a ~ ~ y  a nrmstandmd NEiM (National. 
, 



Electrical Manufacturer's Association) receptacle and p&g, that i s  UL 

approved and accepted b y  the NEC. T h i s  system, manufactured by w i r k l d  of 

Vest Hartford, Connecticut i s  described i n  the Wiring and TenniMl studies 

of Appendix 15 of t h i s  do&ent. . . 

Some si+Zare moduZar lighting system*. y e ,  running in to  N I k  opposition. The 

reasons for t h i s  opposition and a more complete description of the M o W r e  

System are presented i n  the Terminal S.tudy, Appendix 15. . , 

Another quick connect design currently pending UL recognition as an accept- 

able component of a manufactured building component, i s  n m  being manu- 

factured by Amp Inc. (See Commentary following Section 11 0-8 cmd Article 

545 for explanation of manufactured building and manufactured building 

components.) Thihis connector i s  intended for use u i t h  three' conductor 

nonmetallic sheathed cab.Ze (cornonly called Romescj .and i s  designed such 

that connection to the conductor can be made d thou t  stripping the insula- 

t ion from the cable. 

Although quick connect terminalsure recognized by ths.NEC, acceptance by 

a l l  municipality codes does rwt automatically follm. Thwugh a copversa- 

t ion with Mr. W. P. Hogan. of the Chicago Bureau .of ,Electrical Inspection 

and Chairman of NEC Panel No. 9 (panel No. 9 has jurisdiction over Articles 

370, 373, 380, 384. Article 370 covers requirqnents for Boxes and Fittings),  

it has been learned that the C i t y  of Chicago does not recognize quick 

connect tevlmimZs as an approved permanent connection technique and does 

not permit the use of the Moldwire O D s  for lighting or comnicatirm systems. 

Chicago has one of the s tr ic tes t  electrical codes i n  the country. Careful 

r e v i m  of Chicago ' s  e2ectr;ical code should be perfomed ' i f  PV penetration 

in to  that market area i s  expected. Due to  t imerestrict ion and anticipated 

smaZZ market i n  the Chicago jurisdiction a r ev im  of t h i s  code was not. 

undertaken. 

110-17 GUARDING OF LIVE PARTS (600 volts or iess, nominal) . . 
, 3 . . 

(a) Except as elsewhere required or permitted by this Code, live parts of 
electric equipment operating at 50 volts or'more shall be guarded 
against accidental contact by approved cabinets or other 'forms of 
'approved enclosures or by any of the following.means: 



(1) By location in a,room, vault, br similar enclosure that is 
, accessible only to qualif.ied persons. 

(2) By suitable permanent, substantial parititons or screens so 
arranged that only qualified persons will have access to-the 
space w'ithin reach of the live .parts. Any, openings in such 
partitions or screens shall be so sized and located that persons 
are not likely to come into accidental contact with the live 
parts or. to bring,conducting . . objects into contact with them. 

(3) By location on,a suitable balcony, gallery, or platform so 
elevated -and iirranged as to exclude unqualified persons. 

(4) By elevation of 8 feet or more above the floor or other working 
surface. . 

(b) In locations where electric equipment would be exposed to physical 
damage, enclosures ,or guards shail be so arranged and of such strength 

. as to prevent such damage. . . . 

(c) Entrances to rooms and other .guarded locations. containing exposed live 
parts shall be marked with.'conspicuous warning signs forbidding 

, . unqualified persons to enter. 

For motors, ,see Section 430-132 and 430-133. For over '600 volts, see 
Section 110-34. . 

Live parts of.electric.equipment should be covered, shielded, enclosed, 
or otherwise protected .by covers; barri.ers.,. mats,. or platforms to 
remove the likelihood of contact by persons or objects. See defin- 
i tions for "Dead. Front", "G~arded~~, and "Isolated" in Article 100. 

Cohen tary : 

sect ion 11 0-1 7 references Sections 430-1 32 and 430-1 33. These two sections 
fottow. 

430-132 WHERE REQUIRED ' 

Exposed live parts of.motors and controllers operating at 50 volts or 
more between terminals ... shall be ..guarded. against accidental contact by ' 

enclosure or by location as fol'lows: . .  . . . .  

(a) By installation in a room or enclosure that is accessible only to 
quaiified persons. 

(b) By installation on a suitable balcony, gallery, or platform, so 
elevated and. arranged as to exclude unqualified persons. 

. , 

(c) B ~ '  elevation 8 feet or more above the floor.. 



430-133 GUARDS FOR ATTENDANTS 

Where live parts of motors or controllers operating at over 150 volts 
to ground are guarded against accidental contact 'only by location as 
specified in 'section 4'30-132, and where adjustment or other attendance 
may be necessary during the operation of the apparatus, suitable 
insulating mats or platforms shall be provided so that the attendant 
cannot readily touch live parts unless standing on the mats or platforhs. 

For working space, see Sections 110-16 and 110-34. 

Comentary : 

The guarding Zive parts i n  PV modules i s  an important design requirement. 

During instal lat ion,  asswning exposure t o  sunlight, the panel will be 

generating e lec tr ic i ty  and Zive parts must be guarded. 

In regard t o  voltage level,  some research in to  "safe" voltage levels veri f ied 

the 50 vo l t  m i n i m  for Zive part protection. Quoting from a paper written 

i n  195.6 by C.  F .  Dalziel (Member AIEE)  on "Let-Go Currents and Voltages": 

"From the foregoing [experiment] it i s  apparent that,  wet contact conditions, 

the reasonably safe 60 cycle let-go voltage for man, for the major current 

pathways through the body, are between about 20 and 21 vol t s  rrns, and the 

corresponding. voltage for direct  current are 51 t o  104 volts." (The test ing 

proceedure simulated the hand t o  foot pathway by having the subjects grasp 

with wet hands a pair of 6-inch long-nose pliers i n  the r ight  hand when 

standing barefoot i n  a bucket of sa l t  water t o  a depth of about 4 inches. 

The hand t o  hand pathway was simulated by a copper wire connected from the 

r ight  hand to an armband on the upper arm.) As further confirmation, quoting 

from the same ar t ic le ,  the author notes: " A t  a conference sponsored by the 

Comite Medical of the Electr ici te  de France during the CIGRE meetings of 

June 1952, French authorities consider the matcim voltages safe for man 

were appro&mately 24 vo l t s  for 50 cycle ac and 50 vo l t s  for direct current." 

He goes on to  say because of biological variabi l i ty ,  no absolutely safe 

voltage level can be determined. I t  appears then.as though the 50 vo l t  

level  specified i n  the code has a strong experimental base and that a l l  PV 

modules operating a t  voltages over 50 must be protected from accidental 

contact. 



However, the over 50 vo l t  protection requirement does not address speci f ic  

hazards inuo %oed ~l,?:t;h photozto 2 ta ic  i~z315.x Z L- btun. VO Ztciges less  than 50 V dc 

may be "safe" i f  your feet  are on the, ground but these voltages may become 

hazardous when put i n  the context o f  ,a typical roof top instal lat ion.  That 

i s ,  voltages l e s s  than 50 V dc may not be lethal but the fa22 o f f  the roof 

may. 

Guarding may be as simple as a recessed terminal or a required nighttime 

insta2lation. Final d e t e d n a t i o n  o f  design and/or ins ta l  Zation requirements 

for approval w i l l  be made by an electr ical  testing laboratory. 

110-21 MARKING 

The  manufacturer!^ name, trademark, or other descriptive marking by which 
the organization responsible for the product may be identified shall be . 

placed on all electric equipment. Other markings shall be provided giving 
voltage, current, wattage, or other ratings as are specified elsewhere in 
this Code. The marking shall be of sufficient durability to withstand the 
environment involved. 

Manufacturer's markings are to be located so as to be visible or easily 
accessible, during.or after installation. 

Comentary : 

This i s  sommhut o f  a mundane eZectz4caZ-code requirement thut must not be 

overtooked. In addition to voltuge and peak nzttage,. the manufacturer . 

s hou Zd also include markings showing module po Zarity and possib Zy weight. 

ARTICLE 200 - USE AND IDENTIFICATION OF GROUNDED CONDUCTORS 

Commentary : 

Article 200 deals with ident i f icat ion o f  terminals, connection ko grounded 

systems, and ident i f icat ion o f  grounded conductors. Should the modules or 

panels require grounding, t h i s  section then becomes important. Asswning 
the panel design w i l l  require some internal wiring similar t o  that found i n  

typical residential use, Article 200'will apply t o  wiring of the panel, i f  

Code approved wiring i s  required. The app licab l e  sections are inc  luded 

here. 



200-1 SCOPE 

This article provides requirements for (1) identification of terminals; (2) 
grounded conductors in premises wiring systems; and '(3) identification of 
grounded conductors. 

See Article 100 for definitions of "Grounded Conductor" and "Grounding 
Conductorstt. 

200-2 GENERAL 

All premises wiring systems shall have a grounded conductor that is identified 
in accordance with Section 200-6. 

Exception: Circuits and systems exempted or prohibited by Sections 210-10, 
215-7, 250-3, 250-S., 250-7, 503-13, and 517-104. 

Isolated circuits are required in hazardous areas of hospital anesthetizing 
locations. The ungrounded conductors of these circuits are colored orange 
and brown and are provided with a continually operatings "Line Isolation 
Monitor." See Section 517-104(d) and ( e ) .  See also NFPA 56A, Standard for. 
the Use of 1nhalation.Anesthetics. 

The grounded conductor, when insulated, shall have insulation which is 
suitable, other than color, for any ungrounded conductor of the same circuit. 

200-3 CONNECTION TO GROUNDED SYSTEM 

Premises wiring shall not be electrically connected to a supply system 
unless the latter contains, for any grounded conductor of the interior 
system, a corresponding conductor which is grounded. 

For the purpose of this section, "electrically connectedft shall mean 
conncction capable of carrying current as distinguished from connection 
through electromagnetic induction.. 

Grounded conductors of premises wiring are to be connected to the premises 
system grounded conductor to .assure a common continuous grounded system. 

200-6 MEANS OF IDENTIFYING GROUNDED CONDUCTORS 

(a) Sizes No. 6 or Smaller.. An insulated grounded conductor, of No. 6 or 
smaller shall be identified by a continuous white or natural gray 
outer finish along its entire length. 

Exception No. 1: The grounded conductor of a mineral-insulated metal- 
sheathed cable shall be identified at the time. of installation by 
distinctive marking at its terminations. 

Exception No. 2: Where the conditions of maintenance and supervision 
assure that only qualified persons will service the installation, 
grounded conductors in multiconductor cables shall be permitted to be 
permanently identified at their terminations at the time of installation 
by a distinctive white marking or other equally effective means. 



(b) Sizes Larger Than No. 6. An insulated grounded conductor. larger than 
No. 6 shall be. identified either by a 'continuous white or natural gray 
outer finish along its entire length or at the time of installati'on by 
a distinctive white marking at i'ts terminations. 

Exception: Where the conditions.of maintenance and supervision assure 
that only qualified persons will service the installation,, grounded 
conductors in multiconductor cables shall be permitted to ..be permanently 
identified as their terminations at the time of installation'by a ' 

. '  

distinctive white marking or other equally effective means. 

(c) Flexible Cords. An insulated conductor intended for use as a grounded 
conductor, where contained within a flexible cord, shall be identified 
by a white or natural gray outer.finish or by methods permitted by 
Section 400-22. 

Article 200 contains the grounded circuit indentification requirements. 
The grounded circuit conductor is referred to throughout the Code as 
the identified conductor or the grounded conductor. The NEC formerly 
made recommendations for identification of ungrounded circuit conductors 
for branch circuits. Section 210-5, however, no longer requires or 
recommends an identification scheme for ungrounded branch-circuit 
conductors. 

Section 215-8, covering 3-phase, 4-wire delta connected systems with 
the midpoint of one phase grounded, requires that the higher phase-to- 
ground conductor is to be identified by the color orange, by tagging, 
or by some other effective means at every point of connection where 
the neutral is also present. The high leg of 120/240 4-wire, 3-phase 
delta systems is 208 V to ground (120 V.x  1.73). 

Both Sections 200-6(a) and (b) contain Exceptions introducing a new 
concept for identifying grounded conductors of multiconductor cables. 
These Exceptions allow the identification of conductors at the time of 
installation by a distinctive white marking or other equally effective 
means. A variety of other schemes, equally effective, include number- 
ing, lettering, or tagging. These Exceptions are intended to-apply in 
locations where a regulated system of maintenance and supervision 
assures that only qualified persons will service the installation. 

For the identification of branch-circuit conductors, see Section 210- 
5. For the identification of the high .leg (delta system) conductor, 
see Section 215-8. See Section 384-3(f) for the phase arrangement of 
3-phase buses on switchboards and panelboards. 

200-7 USE OF WHITE.OR NATURAL GRAY COLOR' 

A continuous white or natural gray covering on a conductor or a termination 
marking of .white or natural, gray color shall be used only for the grounded 
conductor. 



Exception No. 1: An insulated conductor with a white or natural gray 
finish shall be permitted:as an ungrounded conductor where permanently 
reidentified to indicate its use, by painting or other effective means 
at its termination and at each outlet where the conductor is visible 
and accessible. 

~xception No. 2: A cable contzining an insulated conductor with a 
white or natural gray outer fi,lish shall be permitted for single-pole,. 
3-way, or 4-way switch loops where the white or natural gray conductor 
is used for the supply to the switch, but not as a return conductor 
from the switch.to the switched outlet. In these applications, reidenti- 
fication of the white or natural gray conductor shall not be required. 

Exception No. 3: A flexible cord for connecting an appliance having 
one conductor identified with a white or natural gray outer finish, or 
by any other means permitted by Section 400-22, shall be permitted 
whether or not the outlet to,which it is connected is supplied by a 
circuit having a grounded' conductor. 

Exception No. 4: A white or natural gray conductor of circuits of 
less than 50 volts shall be required'to be grounded only as required 
by. Section 250-5(a) . 

200-9 MEANS OF IDENTIFICATION OF TERMINALS 

The identification of terminals to which a grounded conductor is to be 
connected shall be substantially white in color. The identification of 
other terminals shall be of a readily aistinguishable different color. 

Exception: Where the conditions of maintenance and supervision assure 
that only qualified persons will.service the installations, terminals 
for grounded conductors shall be permitted to be permanently identified 
at the time of installation by a distinctive white marking or other 
equally effective means. 

See the comments following Section.200-6. 

200-10 IDENTIFICATION OF TERMINALS 

(a) Device Terminals. All devices provided with terminals for the attach- 
ment of conductors and intended for connection to more than one side 
of the circuit shall have terminals properly marked for identification. 

Exception No. 1: Where the electrical connection of a terminal intended 
to be connected to the grounded conductor is clearly evident. 

Exception No. 2: Single-pole devices to which only one side of the 
line is connected. 

Exception No. 3: The terminals of lighting and appliance branch- 
circuit panelboards. 

Exception No. 4: Devices having a normal current rating of over 30 
amperes other than polarized attachment plugs ,and polarized receptacles 
for attachment plugs as required in (b),below. 

. . 



(b) Plugs, Receptacles, and Connectors. Receptacles, polarized attachment 
plugs and cord connectors for plugs and polarized plugs shall have the 
terminal intended for connection to the grouned (white) conductor 
identified Ly a aeLal or metal coating substantially white in color. 

If the terminal for the grounded .conductor is not visible, the conductor 
entrance hole for the connection shall be marked with the word "white". 

The terminal for the connectio~~ of ,the equipment .groundi'ng conductor ' .  

shall be identified by: .. ,(I). A green-colored, not readily removable 
terminal screw with a hexagonal head; (2) A green-colored, hexagonal, 
not readily removable terhinal nut; 'or (3) A green-colored pressure 
wire connector. If.the.termina1 for'the grounding conductor is not 
visible, the conductor entrance hole -shall be marked. with the word 
"green" or otherwise identified.by a' distinctive green color,. . ' 

. Exception: Two-wire attachment plugs shill not be.required to have 
their terminals' marked. for identification. . 

. . 
ARTICLE 225 - OUTSIDE'BRANCH C'IRCUITS'AND FEEDERS 

Corrunentary : 

Rack and Stand Off mounting type wilt require wiring Zocated outside of the 

build<ng. ~ b s e  sections that relate to  the residential PV systems me 

reprinted here.. 

225-1 SCOPE 

This' article covers electric equipment and wiring for the. supply of utilization 
equipment located on, or' attached. to, the outside .of public and private 
buildings, or run between buildings, other structures or poles on other' 
'premises served. 

Where within 10 feet of any building or other structure, open wiring on- 
insulators shall be insulated or covered. Conductors in cables or raceways, 
except Type MI cable, shall be of the rubber-covered type or thermoplastic 
type and in wet locations shall comply with Section 310-7. Conductors for 
festoon lighting shall be of the rubber-covered or thermoplastic type. 

225-10 WIRING ON BUILDINGS 

The installation.of outside wiring on surfaces of buildings shall be permitted 
for circuits of 'not over 600 vol'ts as open wiring on ins'ulators, as multi- 
conductor cable ' approved for the purpose, as Type MC cable,. as Type MI 
cable, 'in rigid metal conduit, in intermediate metal conduit, in busways as 
provided in Article 364, or in electrical metallic tubing. 

. . 



225-11 CIRCUIT EXITS AND ENTRANCES 

Where outside branch and feeder circuits leave or enter, a building, the 
requirements of Section 230-43, 230-52 and 230-54 shall apply. 

ARTICLE 230 - SERVICE . . 
. . 

Commentary: 

Those sections referenced i n  225-11 are.repryinted here with comentury as 

appropryiate . 

230-1 SCOPE 
, ' 

This article covers service 'conductors &d' equipmekt for control and 
protection of services; the number,. types;and sizes of services and service 
equipment; and the installation requirements. 

Commentary : 

The PV panel may be generally defined as the service. See NEC definition 

of service. 

230-43 WIRING METHODS FOR 600 VOLTS OR LESS . ,  
, . 

Service-entrance conductors shall be installed in accordance with the 
applicable requirements of this Code covering the type of wiring method 
used and limited to the following methods: (1) open wiring on insulators; 
(2) rigid metal conduit; (3) intermediate metal conduit; (4) electrical 
metallic tubing; (5) service-entrance cables; (6) wireways; (7) busways; 
(8) auxiliary gutters; (9) rigid nonmetallic conduit; (10) cablebus; (11) 
Type MC cable; or (12)'mineral-insulated metal-sheathed cable. 

Commentary: ' ., . 

By NEC definition: 

Service coizductors are "the supply eonduetors that .extend from the street 

main or from transformers to  the service equipment of the premises supplied". 

Asswning the moduZes/paneZs are considered the service, any wiring extending 

from the module/panel to the service equipnient could be considered a service 

entrance conductor. I f  the wi&ng fromthe modul.es/paneZs i s  bussed to  a 

central box or conductor, the final conductorls) enterYi,ng the residence 

could be considered the service.entrance eonducto~. I f  the.PV system 

wiring i s  internut to, the residence, as with an integral mount, i s  the 
, . .  

conductor leading t o  the service equipment considered a service entrance 

conductor? A formaZ interpretation or code addition will be required t o  

c lari fy  the situutZon. 



230- 52 INDIVIDUA~ 'CONDUCTORS ENTERING BUILDINGS OR OTHER STRUCTURES 

Where individual open c6nduct6rs' enter a building or other structure, they 
shall enter through roof bushings or through the wall in an upward slant 
through individual, noncombustible, nonabsorbent insulating tubes. Drip 
loops shall be formed on the conductors before they enter the tubes. 

230-54 CONNECTIONS AT SERVICE HEAD 

(a) Service raceways shall be equipped with a raintight service.head. 

(b) Service.cables, either (1) unless continuous from pole to service 
equipment or meter, shall be equipped with a raintight service head, 
or (2) formed in a,gooseneck and taped and painted or taped with a 
self-sealing weather-resistant thermoplastic. 

(c) Service heads and goosenecks in service-entrance cables shall.be 
located above the point of attachment of the service-drop conductors 
to the building or other structure. 

Exception: Where it is impracticable to locate the service head above 
the point of attachment, the service head location shall be permitted 
not farther than 24 inchcs from the point of attachment. 

(d) Service cables.shal1 be held securely in place by connection to servite- 
drop conductors below the goosen'eck 'or by a fitting approved for the 
purpose . 

(e) Service heads shall have conductors of opposite po1arit.y brought out 
through separately bushed holes. 

(f) Drip loops shall be formed on individual conductors. To prevent .the 
entrance of moisture, service-entrance conductors shall.be connected 
to the service-drop conductors either (1) below the level of the 
service head; or (2) below the .level of the termination of the service- 
entrance cable sheath. 

(g) Service-drop conductors and service-entrance conductors shall be 
arranged so that water will not enter service raceway or equipment. 

Most areas require service raceways and service cables to be equipped 
with a raintightlservice weather head. Service (SE) cables, however, 
may be continuous from utility pole to metering or service equipment 
or, where shaped in a downward direction or "gooseneck" and sealed by 
taping and painting, may be used without a service head. See Figure 
230-4. 

Wherever practical, service heads and goosenecks are to be located 
above the service-drop attachment. Individual conductors should 
extend in a downward direction, as shown in Figure 230-4, or drip 
loops are to be formed. 



Figure 230.4. A se~ice.entrance cable that terminates in r 
"gooseneck" without a raintight service weather herd. 

Figure 230-4. A service-entrance 
cable that terminates in a "goose- 
neckff without a raintight service 
weather head. 

ARTICLE 240 - OVERCURRENT PROTECTION 
Comentury : 

The asswtrption i s  that any overcurrent device uaed will not be a necessary 

part of the array. Maximum output can be predicted, therefore overcurrent 

should not be a problem. 

ARTICLE 250 - GROUNDING 

A. General 

250-1 SCOPE 

This article covers general requirements for grounding and bonding of 
electrical installations, and specific requirements in (a) through (g) 
below. 

(a) Systems, circuits, and equipment required, permitted, or not permitted ~ to be grounded. 

(b) Circuit conductor to be grounded on grounded systems. 

(c) Location of grounding connections. 

(d) Types and sizes of grounding and bonding conductors and electrodes. 

(e) Methods of grounding and bonding. 

(f) Conditions under which guards, isolation, or insulation may be sub- 
stituted for grounding. 



(8) C~iiiie~ t i u l ~ s  fur lightning arresters. 

-- Systems and circuit conductors are grounded to limit voltages due to 
lightning, line surges, or unintentional contact with higher voltage lines, 
and 'to stabilize t'he voltage to ground during normal operation. 'Systems 
and circuit conductors are solidly grounded to fat-ilitate overcurrent . 

device operation in case of ground faults. 
. 

Conductive materials enclosing electrical conductors or equipment, or 
forming part of such equipment, are grounded to limit the voltage to. ground 
on these materials and to facilitate overcurrent device operation in case 
of ground faults.' See Section 110-10. 

Commentary: 

This art icle i s  very important as most o f  it applies t o  the RPM. . O f  particu- 

Zar importance are items (a) ,  through (f). Item ( g ) ,  "Connection of Lightning 

'Arrestors" was not reviewed as it i s  considered a system probtem. 

B. Circuit and System Grounding 

250-3 DIRECT-CURRENT SYSTEMS 

(a) Two-Wire Direct Current Systems. Two-wire DC systems supplying 
premises wiring shall be grounded. 

Exception No. 1: A system equipped iuith a ground detector and supplying 
only industrial equipment in limited areas. 

Exception No. 2: A system operating at 50 volts or less between 
conductors. 

Exception No. 3: A system operating at over 300 volts between conductors. 

Exception No. 4: A rectifier-derived DC system supplied form an AC 
system complying with Section 250-5. 

Exception No. 5: DC fire protective signaling circuits having a 
maximum current of 0.030 amperes as specified in Article 760, Part C.. 

(b) Three-Wire ~irect-&rent Systems. The neutral conductor of all 3- 
wire DC systems supplying premises wiring shall be grounded. 

Commentary : 

Grounding and grounded conductors are defined i n  ArticZe 100. 

Exceptions # 2  and #3 of 250-3 requ5re explarmtion. The 50 vol t  exception 

i s  easily understood.' Low voltage means lower safety hazar&. The 300. vo l t  

exception i s  not so easily .understood, and has been the subject of  minor 



I controversy within the NEC Code committees. I t  . i s  . a hold over from the. 

late 40's and early' 50's when DC was m a i k b l e  i n  some c i t ies .  A t  thut 
:I ,. 

time, equipment that operated on 300 voits  '&s linrited to  permanent equipment 

such as overhead cranes. !l'he equipment w s  grounded but the system'&s ' :. 

not. The 300 vol t  exceptZon should not be expected to  stay i n  ef fect .  

DC systems to be grounded shall, have the grounding Connection 'made. at 'one 1 
or more supply stations. A grounding' connection shall not be made at :. : ,  . : 
individual services nor at any point. on" premises wiring. 

' 

generator 

ground 

3-wire 115-230-V DC 
distribution system 

Figure 250-3. The neutral is shown grounded at the 
generator site in this 3-wire DC distribution system. 
Grounding of a 2-wire DC system would be accomplished 
in the same manner. 

Commentary : 

One reason suggested by NEC Committee member C. L. Pietmn for the "point- 

of-connection" requirement of  not grounding a t  individwrl services i s  

because o f  underground water line corrosion problems thut are'believed t o  

be caused by earth currents. Pipe corrosion was frequently a problem with 

eZectricaZZy driven troZZeys which used the rai l  as the grounded conductor. 
" . . :  

. . . . .  

The severity of th i s  corrosion problem has not been vehf ied;  it would 

obviously be depe-dent on the magnitude of the earth current involved. 

Re lative to PV residential' application, which would typically use the water 

supply line for the, grounding conductor, the point of connection may or may . ;  . . 

not be &portant. Rek t ive  t o  the design of the PV moduZe/panel the systems 

grounding requirements have no ef fect .  



D.. Enc1osur.e Grounding 

250-32 SERVICE RACEWAYS AND ENCLOSURES - . . 

Metal enclosures for service. conductors and equipment ,shall be grounded. 

250- 33 OTHER CONDUCTOR ENCLO~RES 

Metal enclosures for other than service conductors shal'l be grounded. 

Exception NO. 1: ~ e t a l  enclosures .for conductors added to existing installa- 
t ions of open wire, knob-and-tube wiring, and nonmetallic-sheathed cable, 
if in runs of less than 25 feet, if free from probable contact with ground, 
grounded metal, metal lath, or other conductive material, and if guarded 
against contact by persons shall not be required to.be grounded. . . .  . . , 

Exception No. 2: Metal enclosures used to protect cable assemblies from 
physical damage shall not be required to be grounded. 

Commentary: 
RPM frames are l ikely  to be used for protection of  conductors and/or cable. 

Assuming the frames are defined as enobsures, grounding i s  required. 

E . .. Equipment   rounding 
, . 

Commentary: 

Sections E, F & G (Equipment Grounding, Methods of Grounding, and Bonding) 

are the basis for bonding and grounding requirements used throughout the 

Code. These three sections are also. referenced i n  Article 545 (See Commentary 

following Section 110-8). 

250-42 EQUIPMENT FASTENED IN P,LACE OR CONNECTED BY PERMANENT WIRING METHODS 
(FIXED) 

Exposed noncurrent-carrying metal parts of fixed equipment likely to become 
energized-. shall be grounded under any of the conditions. in .(-a) through (f)' 
below. 

(a) Where within 8 feet verticallyor 5 feet horizontally of ground or 
, grounded metal objects and subject to contact by persons. 

(b) Where located in a wet or damp location and not isolated. 

(c) Where in electrical contact with metal. 

(d) Where in a hazardous location as covered by Articles 500 through 517. 

(e) Where supplied by a metal-clad, metal-sheathed, or metal-raceway . 
wiring method, except as permitted by Section ,250-33 for short sections 
of raceway. 



(f) Where equipment operates with any terminal at over 150 volts to ground. 

Exception No. 1: ~nclosures for switches or circuit breakers used,.for . . 

other than service equipment and accessible to.qualified persons'only. . 
\ 

I .  
. . 

Exception No. 2: Meta1,frames of electrically heated devices, exempted 
by special permission, in which case the frames shall be permanently,. 
and effectively insulated from ground. 

. .  . .  

Exception No. 3: Distribution apparatus, such as transformer and. 
capacitor cases, mounted on wooden poles, at a height exceeding 8 feet 
above ground or grade level. 

. . , ... ,_ ' .  

Commentary : 
In reference to  item (d l ,  Articles 500 through 503 cover the requirements 

for locations where fire or .  eq los ion  hazards may ex i s t .  Other arti.cZes 
. . . 

cover special occupancies which do not apply to  the RPM. 
L. 

. . 

250-43 EQUIPMENT FASTENED IN PLACE BY PERMANENT WIRING METHODS (FIXED) 
SPECIFIC 

Exposed, noncurrent-carrying metal parts of the kinds of equipment described 
in (a) through (j) below, regardless of voltage, shall be grounded. . 

(a) Switchboard frames and structures supporting switching equipment. 

Exception: Frames of DC, single-polarity switchboards where effectively 
insulated. . . , . .  

(b) Generator and motor frames in an electrically operated organ. 
. , 

Exception: Where the generator is effectively insulated from ground 
and from the motor driving it. 

(c) Motor frames, as provided by Section 430-142. 

(d) Enclosures for motor controllers. 

Exception: Lined covers of snap switches. 

. (e) ~lectrif equipment for elavators and cranes. 

(f) Electric equipment in garages, theaters, and motion picture studios. 

Exception: Pendant lampholders supplied by circuits not over 150 
volts to ground. 

(g) Electric signs and associated equipment. 
. . 



~xce~tion: Where insulated from ground and from 0the.r conductive 
.' objects and '.accessible only to authorized persons ; . . 

(h) Motion picture projection equipment. 

(i) Lighting fixtures as provided in Part E of Article 410. 

Comentury :' . 

- Based on section 250-42 (a)  the modute pane2 shatZ be grounded 'as it i s  

"subject t o  contact by persons", but exception #2 suggests that a n ' i n s t a ~ ~ b t i o n  

detail  pe-tting an exception for the RPM i s  probable. SGniZurZy i n  

Section 250-43 (b)  with genemtors, exceptions are given i f  Zive parts ., . . . .  are 
ef fect ive Zy insuZated .from ground. 

250-44 NON-ELECTRIC EQUIPMENT 

The metal parts of nonelectric equipment described in (a) through (e) below 
shall be grounded. 

(a) Frames and tracks of electrically operated cranes. 

(b) Frames of nonelectrically driven elevator cars to which electric 
conductors are attached. 

(c) Hand-operated metal shifting ropes, or cables of electric elevators. 

(d) Metal partitions;grill work, and similar metal enclosures around 
equipment of over 750 volts between conductors except substations'or 
vaults under the sole control of the supply company. . ' . . 

(e) Mobile homes and recreational vehicles' as required in Articles 550 and 
551. 

Where extensive metal in or on buildings may become energized and is subject 
to personal.contact, adequate bonding and grounding will provide additional 
safety. 

. . 

250-46 SPACING FROM LIGHTNING RODS 
, I .  . 

Metal raceways, enclosures,.frames, and other noncurrent-carrying,metal 
parts of electric equipment 'shall be kept at. least 6 feet away 'from lightning 
rod conductors, or they shall be. bonded to the lightning rod.conductors. 

ConnnentQ2.y : 

The f i r s t  point t o  be addressed i s  whether a Zightning rod w i Z Z  be necessary. 

Asswring it i s ,  typicaZ residential applications may .not aZZow a six foot 

distance from mo&Ze/paneZ t o  Z(ightni,ng rod, therefore i f  the frame i s  



metal and i f  the frame i s  grounded, some means of connecting the rod t o  the 
array must be availab'le. This connection may be as simple as a ground lead 

fastened to the module/puneZ by way of a sheet metal screw. Also, the 

manufacturer may want to  invest igati  a non-metaZZic moduZe/paneZ t o  etiminute 
the grounding requirement. 

F. Methods of Grounding 

Commentary : 
, . 
'Those sections that may appZy, should grounding of the module, panel, or 
array become necessary, are reprYinted here. 

250- 50 EQUIPMENT GROUNDING 'CONDUCTOR CONNECTIONS 
,' . 

Equipment'grounding conductor connections at the source of separately 
derived systems shall be made in accordance with Section 250-26(a). Equip- 
ment grounding conductor connections at service equipment shall be made on 
the supply side of the service disconnecting means and shall be made as I 

indicated in (a) or (b) below. 
I 

(a) For Grounded System. The connection shall be made by bonding the 
equipment grounding conductor to the grounded circuit conductor and 
the grounding electrode conductor. 

(b) For Ungrounded System. The c'onnection shall be made by bonding the . 
equipment grounding conductor to'the grounding electrode conductor. 

Exception for (a) and (b) above: ,For branch-circuit extensions only 
in existing installations that do.not have .an equipment grounding. 
conductor in the branch circuit, the grounding conductor of a grounding- 
type receptacle outlet shall be permitted to be grounded to a grounded 
cold water pipe near the equipment. 

250-51 EFFECTIVE GROUNDING PATH 

The path to ground from circuits, equipment, and conductor enclosures 
shall : 

(a) Be permanent and continuous 

(b) Have capacity to conduct safely any fault current likely to be imposed 
on it. 

(c) Have sufficiently low impedance to limit the voltage to ground and...to. 
facilitate the'operation of the circuit protective devi'ces in the 
circuit. . . 



Exception: A.self-restoring grounding contact shall be permitted on 
grounding-type attachment plugs use,d on the power supply and of portable 
hand-held, hand-guided, or .hand-supported tools or appliances. 

By means' of a pounding conductor run with the power supply conductors 
in $.cable assembly or flexible cord properly terminated in grounding- 
type attachment plug with one fixed grounding contact. An uninsulated 
grounding conductor shall be permitted but,. if individually covered, 
the covering shall have a continuous outer.finish that is either green 
or' green with one or more yeilow .stripes. 

Exception: A self-restoring grounding contact shall be permitted on 
grounding-type attachment plugs used on the power supply cord of 

'. portable hand-held, hand-guibed,..or '.hand-supported tools or appliances. 

. (c) By means of a separate flexible wire or strap, insulated.or bare, 
protected' as we 11 as practicable against physical damage, where part 
of equipment, or by special permission. ' 

250-57 EQUIPMENT FASTENED IN PLACE OR CONNECTED BY PERMANENT WIRING METHODS 
, ' (FIXED) -. GROUNDING 

. . .. . 
Noncurrent-carrying metal parts of,equipment,,where required to be grounded, 
shall be grounded by one' of the,methods indicated in . (a) , (b) , or (c) 
below. 

(a) By any of the equipment grounding conductors permitted by Section 250- 
91(b). 

(b) By an equipment grounding conductor contained within the same raceway, 
cable, or cord 'or otherwise run.. with the circuit conductors. Bare, 
covered ' or insulated equipment grounding~.conductors shall ,be permitted. 
Individually covered or .insulated grounding conductors shall have a 
'continuous outer .finish that is ,either green; or green with one or 
more yellow stripes. . , 

. . 

Exception No. 1: An insulated conductor larger than No. 6 shall, at 
the time of installation, be permitted to be permanently identified as 
a grounding conductor at each end and at every point where the conductor 
is accessible. Identification shall be accomplished by one of the 
following: , 

I ( 1  Stripping the insulation from the entire exposed length. 

I (2) Coloring the exposed insulation green or 

I . . 
' ( 3 )  Marking the exposed insulation with green colored tape or green 

colored adhesive labels. 

Excpetion No. 2: For direct-current circuits only, the equipment 
grounding conductor shall be permitted to be run separately from the 
circuit conductors. 



Exception No. 3: Where the conditions of .maintenance and supervision 
assure that only qualified persons will service the installation, an 
insulated conductor in a multiconductor cable shall, at .the' time of. 
installation, be permitted to be permanently identified as a grounding 
conductor at each end and at every point where the conductor is 
accessible by one of the following mean: 

1 .  (1) Stripping the insulation from the entire exposed length. 

(2) Coloring the exposed insulation green, or 

(3)  Marking the exposed insulation.with green tape or green colored 
adhesive labels . 

See Section 250-79 for equipment bonding jumper requirements. 

(c) By special permission, other means for grounding fixed equipment may 
be used. 

See Section 400-7 for use of cords for fixed.equipment. 

250-58 EQUIPMENT CONSIDERED EFFECTIVELY GROUNDED 

Under the conditions specified in (a) arid (b) below, the noncurrent-carrying 
metal parts of the equipment shall be considered effectively grounded. 

(a) Equipment Secured to Grounded Metal Supports. Electric equipment 
secured to and,in electrical contact with a metal rack or structure 
provided for its support and grounded by one of the means indicated in 
Section 250-57. The structural metal'frame of a building shall not be 
used as the required equipment grounding conductor for AC. equipment. 

250-61 USE OF GROUNDED CIRCUIT CONDUCTOR FOR GROUNDING EQUIPMENT 

(a) Supply-Side Equipment. A grounded circuit conductor shall be permitted 
to ground noncurretlt-carrying metal parts of equipment on the supply 
side of the service disconnecting means, such as meter enclosures, 
service raceways, etc., and on the supply side of the main disconnecting 
means of separate buildings and of separately derived systems as 
provided in Sections 250-24 and 250-26 respectively. 

I G. Bonding 

I Comentary : 

There are two techniques for grounding: (1) using ground conductors, (2) 

using bonded metal frames fasswnes frames & part of the module or panel). 

This section outZines requirements for the second technique. 

250-70 GENERAL 

Bonding shall be provided where necessary to assure electrical continuity 
and t'he capacity to conduct safely any fault current likely to be imposed. 



250-71 BONDING SERVICE EQUIPMENT 

The noncurrent-carrying metal parts of equipment indicated in (a), (b) , and 
(c) below shall be effectively bonded together, 

(a) Except as permitted in Section 250-55, the service raceways, cable 
trays, or service cable armor or sheath. 

(b) All service equipment enclosures containing service-entrance conductors, 
including meter fittings, boxes, or the like, interposed in the service 
raceway or armor. 

(c) Any conduit or armor enclosing a grounding electrode conductor. 

250-72 METHOD OF BONDING SERVICE EQUIPMENT 

Electrical continuity at service equipment shall be assured by one of the 
methods specified in (a) through (e) below. 

Figures 250-15 and 250-16. Figure 250-15 (left) shows a grounding 
wedge lug for providing an electrical connection between a conduit 
and a box. Figure 250-16 (right) shows the manner in which the lug 
is installed. (The Thomas 8 Betts Co., Inc.) 

Figure 250-17. A threaded 
grounding bushing showing 
openings for set screws to 
assure electrical and mechanical 
connection. (General Electric Co.) 

(a) Bonding equipment to the grounded service conductor in a manner 
provided in Section 250-113. 



(b) Threaded couplings and threaded bosses on enclosures with joints shall 
be made up wrenchtight where rigid metal conduit and intermediate 
metal conduit are involved. 

a 
(c) Threadless couplings made up tight for rigid metal conduit, intermediate 

metal conduit and electrical metallic tubing. 

(d) Bonding jumpers meeting the other requirements of this article. 
Bonding jumpers-shall be used around concentric or eccentric knockouts 
that are punched or otherwise formed so as to impair the electrical 
connection to ground. 

(e) Other devices, such as bonding-type locknuts and bushings, approved 
for the purpose. 

250-75 BONDING OTHER ENCLOSURES 

Metal raceways, cable armor, cable sheath, enclosures, frames, fittings, 
and other metal noncurrent-carrying parts that are to serve as grounding 
conductors shall be effectively bonded where necessary to assure electrical 
continuity and the capacity to conduct safely any fault current likely to 
be imposed on them. Any noncondtlctive paint, emanel, or similar coating 
shall be removed at threads, contact points, and contact surfaces or be 
connected by means of fittings so designed as to make such removal unnecessary. 

comnenw: 

A panel design using the metal frame as the raceway wilZ use this  technique 

for gmunding.  rew ways are fur the^ discussed i n  Cc~nnentary foZlooing 
Article 352. 

250-77 BONDING LOOSELY JOINTED METAL RACEWAYS 

Expansion joints and telescoping sections of raceways shall be made electric- 
ally continuous by equipment bonding jumpers or other means approved for 
the purpose. 

250-78 BONDING IN HAZARDOUS LOCATIONS 

Regardless of the voltage of the electrical system, the electrical continuity 
of metal noncurrent-carrying equipment in any hazardous location as defined 
in Article 500 of this Code shall be assured by any of the methods specified 
for services in Section 250-72(b) through (e) that are approved for the 
wiring method used. 



. . 

250-91 MATERIAL 
. , 

The'mat.crial 'for' grosieding conductors shali . . be as, specified in: (a) and (b) 
below. . . . . . . 

. . . . . , a .  

(a) . . Grounding ~lectrode ~knduktor.. " The electrode conduCtor shall 
be of copper, aluminum, or copper-c19d alhinum. The material selected 
shall be resistant t.o any corrosive .condition exis'ting at the installation 
or shall be suitably protected against, corrosion. ' The conductor shall 
be solid or stranded, insulated, covered., or bare and shall be installed 
in one continuous length without a splice or joint. 

' Exception No. 1: Splices in busbars shal1,be permitted. 

Exception No. 2: Where a service consists of more than a single enclosure 
as permitted in Section 230-45, it shall be permissible to connect taps 
to the grounding, electrode conductok. Each such tap conductor shall 
extend to' the inside of. each "s$h enclosur'e. The grounding electrode 

. . .  . , . conductor shall be sized in a,ccofd.ance wit,h..~able"250-94, but the tap 
. . conductors shall be.'permitted to 6e sized .in acc6rddicewith the grounding 

electrode conductors specified in Table .,25'0-94 for the "'largest conductor 
serving the respective enclosures; , . . 

'(b) Types of ':Equipment Grounding Conductors. The equipmerit grounding conduc- 
tor run 'with or enclokfng the circuit conductors shall .be one or. more 

. . or a'combination of the'following: ,,(I) a copper or other corrosion- 
resistant conductor.. .. .This. conductor. shall .be solid or stranded; insulated, 
cove,ied,. or brire'; and in" form of a .wir{::br a busbar ,of any shape; (2) 

"rigid metal conduit; (3)' intermedzafe metal conduit; (4) electrical 
metallic tubing;. (5) flexible metal conduit. approved for the purpose and 
installed with fittings approved. for the purpose; (6) armor of Type AC 
cable; (7) the sheath of mineral-insulated metal-sheathed cable; (8) the 
metallic sheath or the combined meta'llic she'ath and grounding conductors 
of Type MC cable; (9) cabie trays as permitted in Sections 318-2(c)' and 
318-6; (1'0) other raceways .specifically approved for grounding purposes. 

Exception No. .1: Flexible metal conduit and flexible metallic tubing 
shall be permitted for grounding if all the following conditions are met: 

a. The total length in any ground return path does not exceed 6 feet. 
b., The circuit conductors contained therein are protected by overcurrent 

devices rated at 20 amperes or less. 
c. The conduit or tubing is terminated in fittings approved for the 

purpose. 

Exception No. 2: Liquidtight flexible metal conduit shall be permitted 
for, grounding in th'e l.1/'4-inch and smaller trade sizes if the total 
length in any ground return path does not exceed 6 feet and the conduit 
is terminated in fittings approved for the purpose. 

Exception No. 3: For direct-current circuits only, the equipment ground- 
ing conductor shall be permitted to be run separately from the circuit 
conductors. 



(c) Supplementary Grounding. Supplementary grounding electrodes shall be 
pefmitted to augment 'the. equipment. grounding conduc'tors specified in 
Section 250-91' (b), but the earth 'shall not be used as the sole. ' 
equipment grounding conductor. 

250-92 INSTALLATION 

Grounding conductors shall',be as specified in (a) and '(b) below. 

(a) Grounding Electrode Conductor. A grounding electrode conductor or its 
enclosure shall be securely fastened to the surface on which it is' carried. 
A No. 4 or larger conductor shall be protected if exposed to'severe physical 
damage. A NO. 6 grounding conductor that is free from exposure to physical 
damage shall be permitted to be run along.the surface of the building 
construction without metal covering or protection'where it is'rigidly 
stapled,to the construction; otherwise, it shall be in ri.gid metal conduit, 
intermediate metal conduit, electrical metallic tubing, or cable armor. 
Grounding conductors smaller than No. 6 shall be in rigid metal conduit, 
intermediate metal conduit, electrical metallic tubing, or cable armor. 

Metal enclosures for grounding conductors shall be electrically contin- 
uous from the point of attachment to cabinets or equipment to the 
grour~ding electrode, and shall be securely fastened to the' ground clamp 
or fitting. Metal enclosures that are not physically continuous from 
cabinet or equipment to the grounding electrode shall be made electrically' 
continuous by bonding each end to the grounding conductor. Where inter- 
mediate metal conduit is used for protection for a grounding conductor, 
the installation shall comply with the requirelnents of Article 345. Where 
rigid metal conduit i s  used as protection for a grounding conductor, the 
installation shall comply with the requirements of Article 346. Where 
electrical metallic tubing is used, the installation shall comply with the 
requirements of Article 348. 

Aluminum or copper-clad aluminum grounding conductors shall not be used 
where in direct contact with masonry or the earth or where subject to 
corrosive conditions. .' Where used outside, aluminum or copper-clad 
aluminum grounding conductors shall not be installed within 18 inches.of 
the earth. 

(b) Equipment Grounding Conductor. An equipment grounding conductor shall be 
installed as' follows: 

(1) Where it consists of a raceway, cable tray, cable armor, or cable 
sheath or where it is a wire within a raceway or cable, it shall be 
installed in accordance with the applicable provisions in this Code 
using. fittings for joints and teminations approved for use with the 
type raceway or cable used. All connections, joints, and fittings 
shall be made tight using suitable tools. 

' 

(2) Where.it is a separate grounding conductor as provided in Section 
210-7 or by special permission as provided in Section 250-57(c), 
it.shal1 be installed in accordance with (a) above in regard to 

' restrictions for aluminum and also'in regard to protection from 
physical damage. 



, Exception: Sizes smaller than No. 6 shall not be required to be 
. enclosed.:in a raceway or armor where run in the hollow spaces of 
a wall or partition or where otherwise installed so as not to be 
subject to physical damage. 

250-93 SIZE. OF DIRECT-CURRENT SYSTEM GROUNDING CONDUCTOR 

The size of the grounding conductor for a DC system shall be as specified in' 
(a) through (c)' below. 

(a) Where the DC system consists of a 3-wire balancer set or a balancer wind- 
ing with overcurrent protection as provided in-Section 445-4(d), the 
grounding conductor shall not be smaller than the neutral conductor. 

(b) where the DC system is other .than as i.n (.a). above, the grounding. conduc- 
tor shall not be smaller than the largest conductor supplied by the system. 

(c) In no 'case shall the grounding conductor be smaller than No. 8.. 

250-94 SIZE OF ALTERNATING-CURRENT GROUNDING ELECTRODE CONDUCTOR 

The size of the grounding electrode conductor of a grounded or ungrounded AC 
system shall no't be less than given in Table 250-94. 

Exccption No. 1 :  Gro~uided Systems. Where connected to made electrodes 
(as in Sdction 250-83), that portion of.the grounding electrode conduc- 
tor which is the sole connection between the grounding electrode and 
the.grounded system conductor shall not be required to be larger than 
No. 6 copper' wi.re or its equivalent in ampacity. 

Exception No., 2: Ungrounded Systems. .Where connected to made electrodes 
(as in section. 250-83) , that portion of the grounding conductor which is 
the sole 'connection between the grounding electrode and the service 
,equipment'shall not be required to be larger than No.. 6 copper wire or 
its. equivalent in &pacity.' 

250-95 SIZE OF EQUIPMENT GROUNDING CONDUCTORS 

The size of copper, aluminum, or copper-clad aluminum equipment grounding con- 
ductors shall not be less than given in Table 250-95. 

Where conductors are run in parallel in multiple raceways, as permitted in 
Section 310-4, the equipment grounding conductor, where used, shall be run 
in parallel. Each parallel 'equipment grounding conductor shall be sized on 
the basis of the ampere rating of the overcurrent device protecting the circuit 
conductors in' the raceway in accordance with.Table ,250-95, 

. . 

When conductors are adj.usted in size to compensate for voltage drop, grounding 
conductors, where required, shall be adjusted in' siz'e. 

Exception No. 1: An equipment grounding conductor not smaller than No. 18 
copper and not smaller than the'circui't conductors if ,an integral part of 
a listed flexible cord assembly shall be permitted for grounding cord- 
connected equipment where the.equipment is protected by overcurrent devices 
not exceeding 20-ampere rating. 



Exception No. 2: The equipment grounding conductor 'shall not be required 
to be larger than the circuit conductors supplying the equipment. 

. . . . 
Exception No. 3: Where a raceway 0.r a cable armor or sheath is used as 
the equipment grounding conductor, as provided.in Sections 250-57(a) and 
250-91 (b) . . 

250-97 OUTLINE LIGHTING 
, . 

Isolated noncurrent-carrying metal parts of 'outline lighting systems shall be 
permitted to be bonded together by.a No. 14 conductor protected from physical 
damage, where a conducto'r complying. with Section 250-95 is. used to ground 
the group. 

250-98 GROUNDING CONDUCTOR 'IN COMMON' RACEWAY 

A grounding conductor shall be permitted in the same raceway or.enclosure with 
other conductors of the system to which it is connected. 

250-99 GROUNDING CONDUCTOR CONTINUITY 

(a) Separable Connections; Separable connections such as those provided 
in draw-out equipment or attachment plugs and mating connectors and 
receptacles shall provide for first-make, last-break of the equipment 
grounding conductor. 

Exception: Interlocked equipment, plugs, receptacles and connectors 
which preclude energization without grounding 'continuity. 

(b) Switches. No automatic cutout or switch shall be placed in the grounding 
conductor of a premises wiring system. 

Exception: Where the opening of the cutout or switch disconnects all 
sources of energy. 

K. Grounding Conductor Connections.. ' -  

Comentury : 

This section w i t 2  give the manufacturer some idea o f  typical grounding 

connections .app&ved by the NEC. Portions pertaining t o  the RPM are 

reprinted. 

250-111 TO RACEWAY OR CABLE ARMOR 

The point of connection of the grounding conductor to ikierior metal raceways, 
cable armor, and the like shall be as near as.practicable to the source of 
supply and shall be 'so chosen that no raceway or cable armor is grounded 
through a run of smaller size than is called for in Section 250-95. 



TABLE 250-95 
MINIMUM SIZE GROUNDING CONDUCTORS FOR GROUNDING RACEWAY AND EQUIPMENT 

250-112 TO GROUNDING ELECTRODE 

. . 

Rating or Setting 0.f. 
~utomatic overcurrent . ' . .  

~e'vice 'In circuit. Ahead . .. . .  . 
' of Equipment, Conduit, 

'. etc., Not Exceeding 
(Amperes) 

15 
2 0 
30 

. . 

4 0 
. 60 
-. ' ,100. . . . 

200 
400 
600 . . 

800 
1000 
1200 

1600 
2000 
2500 

3000 
4000 
5000 

6000 

The connection of a grounding electrode conductor to a grounding electrode 
shall be accessible and made in a manner that will assure a permanent and 

' 

effective ground. Where necessary to assure this for a' metal piping system 
used as a grounding electrode, effective bonding shall be provided around 
insulated joints 'and sections and around any equipment that is likely to be 
disconnected for repairs or "replacement. 

Exception: ' A  connection to a concrete encased, driven, or buried 
grounding electrode shall not be required to be accessible. 

Size, 

.. . 
. . . .  . .  . : 

. . . . .  .. .. 

Copper 
Wire No. 

1 4 . . ,  
12.: 
10 

'.-lo : 

'10 
8 . . . . 

. .  . 
6 
3 
1 

0 
2/ 0 
3/ 0 

4/0 
" 250MCM 

350 MCM . , 

400 MCM 
500MCM : 

' 700 MCM 

800 MCM 

. . . . 

. .  . . Alqinum, or 
fopper--C 1 ad 

Al.uminum Wire 'NO. 
. . 

12. 
10 
8' 

8 
8 
6 

4 
1 
2/0', 

3/0 
4/0 
250 MCM. 

350 MCM 
400 MCM 
600 MCM 

600 MCM 
800 MCM 
1200 MCM 

1200 MCM 



250-113 TO CONDUCTORS AND EQUIPMENT 

Required grounding conductors and bondihg jumpers shall be connected by 
pressure connectors, clamps, or other approved, means. Connection devices 
or fittings that depend on solder shall not be used. 

Figure 250-23. A clip used to connect 
a copper grounding conductor to a box. 

Figure 250-24. An application of a 
grounding clip. 

.250-114 CONTINUITY AND ATTACHMENT OF BRANCH-CIRCUIT EQUIPMENT GROUNDING 
CONDUCTORS TO BOXES 

Where more than one equipment grounding conductor' of a branch circuit enters 
a box, all such conductors shall be in good elecir.?cal contact with each 
other and the arrangement shall be such that the disconnection or removal 
of a receptacle, fixture, or other device fed from the box will not interfere 
with or'interrupt the grounding continuity. 

(a) Metal Boxes. A connection shall be made between the one or more equip- 
ment grounding conductors and a metal box by means of a grounding screw 
which shall be used for no other purpose, or an approved grounding device. 

(b) Nonmetallic Boxes. One or more equipment grounding conductors brought 
into a nonmetallic outlet .box shall be so arranged that a connection 

. can be made to any fitting or device in that box requiring . . grounding. 

250-115 CONNECTION TO ELECTRODES 

The grounding conductor shall be connected to the grounding fittings by . 
suit able lugs, pressure connectors, clamps, or other approved means. Connec- 
tions depending on solder shall not be used. Ground clamps shall be suitable 



for the materials of.the grounding electrode and the grounding electrode 
conductor. Not more than one conductor. shall be connected to the grounding 
electrode by a single clamp or fitting unless the clamp or fitting is approved 
for. the use. one of the methods indicated in (a) , (b) , (.c) , or (d) below 
shall be used. 

(a) An approved bolted clamp of cast bronze or brass or plain or malleable 
iron. 

(b) A pipe fitting, pipe plug, or other approved device screwed into a 
pipe or pipe fitting. 

(c) A sheet-metal-strap type ground clamp having a rigid metal base that 
seats on the electrode and having a strap of such material and dimensions 
that it is not likely to stretch during or after installation. 

(dj An equally substantial approved' means. 

250-117 PROTECTION OF ATTACHMENT 

Ground clamps or other fittings shall be approved for general use without 
protection or shall be protected from ordinary physical damage as indicated 
in (a) or (b) below. 

(a) Installations where they are not likely to be damaged. 

(b) Enclosing in metal, wood, or equivalent protective covering. 

250-118 CLEAN SURFACES 

Nonconductive coatings (such as paint, lacquer, and enamel) on equipment to 
be grounded shall be removed from threads and other contact surfaces to 
assure good electrical continuity. 

CHAPTER THREE - WIRING METHODS AND MATERIALS 

Conunentary : 

Chapter Three includes: 1 )  generally applicable wiring requirements such 

as voltage limitations and protection requirements; 2 )  conductor requirements 

such as .description, insulation, and ampacity rating; and 3) approved 

wiring systems such as Open Wire on InsuZators and NonmetaZZic Sheathed 

Cable. 

Wiri,ng systems can be generally classi f ied as either insulated conductors 

or cable. Insulated conductors can be: 1 )  wired i n  an eqosed system' if ' 

placed on insulators -- t h i s  i s  called Open Wire on Insulators and Cs' 

described i n  ArticZe.320; 2) wired i n  a concealed system using segments of 

f lexible tubing and insulators for protection -- t h i s  i s  called Concealed 



Knob and !Tube and i s  described i n  Article 324; and 3) used 'with conduit, 

wireways, or some other protective means. . Approved conduit systems a& 

described i n  Articles 346. through, 352. Cable incorporates a protective 

sheathing that usually eliminates the need' for conduit or wireways.. Approved 

cable systems are, given i n  Articles 326, through. 340. Art<cZe 328 Flat. 

Conductor Cable (FCC) has recently been added as an approved wiring.system 

under, a Tentative Interim Amehent. ITIA i s  explained i n  commentary 

fo Zlowing 90-5.) FCC however, i s  not approved for. residential applications. 

See Article 328 for further discussion. 

. > . . 

I f  the photovoltaic system i s  intended for immediate residential application, 

the wiring systems of Chapter Three or an approved adaptation  of^ modular 

building system should be used. 

Asswning the manufacturer chooses to  deve lop the modular concept ( for  . 

exarnp le,  a p tug-in quick connect terminaZ and pre-wired cable with receptacles) ; 

the electrical system ms.t  be designed to meet the requirements of Article 

545 -~anufactured'BuiZding. A l l  the wiring methods of Chapter !Three and 

"wiring systems specifically intended and approved for use i n  manufactured 

buildingj " are approved for use i n  manufactured or modular building. 

The repercusszons of Article 545 relative t o  the emerging residential 

photovoltaic industry are great. I t  allows the deve Zopment of a pre- 

engineered factory fabricated system requiring only plug-in type electrical 

connections a t  the s i te ,  minimizing Zabor and mater-ial costs. See Article 

545 for further discussion. 

I t  must be understood that future development of the module, panel, or 

array should not be Zimited'to the wiri,ng methods currently approved for 

use i n  res<dences. Based on unofficial conversations with NEC committee 

members, it can be asswned t&t n m  wiping methods will be recognized as long 

as they are engtneered with safety i n  mind. Should n m  technologies develop 

which might. reduce costs or simplify installations, Ses'ting Zaboratories 

and/or Code o f f i c ia l s  should be contacted for guidance toward eccpediant 
. . . . 

acceptance into electrical codes and standards. 



. . 

.~bweber, testing Zaborabory approval and NEC approval do requ<re time even 

with, guidance. . . For ernmpie, a consortiam of flat conductor cable manufacturers 

ini t iated a UL Fact Findi,ng Investigation i n  1.975, into the feasibility o f  

using their products as a tviring system i n  buildings. The Fact Finding 

Investigation, which lasted approximately one year, was the f i r s t  step 

towrd N ~ C  approval. The cable has been approved for limited applications 

and i s  included i n  the 1978.,NEC as a Tentative .Interim ,Arne&ent. A proposal 

for code revision.. i s  t o  be published i n ' ~ u g u s t  1979 af ter which .it. i s  t o  be 

re leased for pub Zic review though November 9, 1979. Fol lariaring Code-Making 

Pane t s  review, Corre luting Conmrit tee Revia,  and Technical Committee Docwnenta- 

tion, the Amehent ma,y become an Article i n  the 1981 Code. 

ARTICLE 300 - WIRING METHODS 
300-1 SCOPE 

' (a), The provisions of this article shall apply.to all wiring installations. ' 

Exception No. 1: Only those sections referenced in Article 725 shall 
apply to,Class 1, Class 2, and Class 3 circuits. 

Exception No. 2: Only those sections referenced in Article 760 shall 
apply to fire protective signaling circuits. 

Exception No. 3: Only those sections referencedin Article 800 shall 
apply to communication systems. 

'(b) The provisions' of this article are not intended to apply to the conduc- 
tors wh'ich form an integral part of equipment, such as motors, controllers, 
motor control centers, or factory-assembled contro1,equipment. 

. . 

Commentary : 

O f  those exceptions listed above, only Exception No. 1 could apply t o  the 

PV module; it references Article 725. Article 725 covers CZass I ,  CZass 2, 

and Class 3 Remote-control, Signaling, and Power-Limited Circuits. Class 1 
circuits are defined as circuits supplied from sources having a rated 

output of not more than 30 volts  and 1000 volt-amperes. CZass 2 and 3 DC 

circuits are limited to  150 volts  and 0.75 volt-amperes. 

Only a moduZe/pane l o r .  group of modules/pane 2s operating a t  not more , than 

30 volts  with a rated output of not more than 1000.watts could f i t  the NEC 

definition for power limited circuits.  The .only advantage, to  th is  i s  that 
wire sizes as small as #18 AWG can be used rather than the '# I4  AWG limit of 

Article 310 for general use conductors. 



300-2 . VOLTAGE LIMITATIONS . . 
. . ' . 

, . . . . . . . 

Wiring methods specified in chapter 3 shall be used for voltages not exceeding 
600 where not specifically limited in some section of chipt'er 3. The 
shall ,be permitted for voltages over 600 where.. specifically ,permitted 
elsewhere in this Code. . . 

300-4 PROTECTION AGAINST PHYSICAL DAMAGE 

Where subject to physical damage, conductors shall be adequately protected. 

(a) Cables Through Wood Framing Members 
1 

(1) Bored Holes. In both exposed and concealed locations, where a 
cable or raceway-type wiring.method is installed through bored 
holes in joists, rafters, or similar structural wood members, 
holes shall be bored at the approximate center of the face of the 
member. Holes in studs for cable-type wiring methods.shal1 be 
bored so that the edge of the hole is not less than 1 1/4 inches 
from the nearest edge of the stud or shall be protected from 
nails and screws by either a steel plate or bushing at least 1/16 
inch thick and of appropriate length and width installed to cover 
the area through which nails or screws might penetrate the installed 
cable. 

The intent of this section is to prevent wallboard nails from 
being driven into cables. By keeping the edge of the drilled 
hole 1 1/4 inch from the nearest edge of the stud, most wallboard 
nails would not penetrate the stud far enough to injure the 
cables. The model building codes provide maximum requirements 
for bored or notched holes in studs and Paragraph (a)(2) indicates 
that consideration should be given to the size of notches in 
studs so as not to affect the strength of the structure. 

Figure 300-1. steel plate to protect 
nonmetallic-sheathed cables within 
1 1/4-inch of the edge of a stud.' 
(RACO) 



(2) Notches in Wood. Where there is no objectionlbecause of weakening 
the building structure, in both exposed and concealed locations, 
cables shall be permitted to be laid in notches in wood studs, 
joists, raftcrs ox uLller wood~members where the cable at those 
points is protected against nails or screws by a steel plate at I 

least 1/16 inch thick installed before the building finish is 
applied. 

(b) Cables Through Metal Framing Members. In both exposed and concealed 
locations where nonmetallic-sheathed cables pass through either factory 
or field punched, cut or'drilled slots or holes in metal members, the 
cable shall be 'protected by bushings or grommets approved for 'the 
purpose securely fastened in the opening. Where:nails or' screws are 
likely to penetrate the cable,. a, steel sleeve, steel plate or' steel 
clip .not. less than. 1/16 inch-in.! wall' thickness. shall. .be used 'to protect 
the nonmetallic cable. . 

Exception: When the slots or holes are'so formed that no metal edge 
can cut or tear cable insulation, bushings or gromniets shall not be 
required. 

I " Commentary: . 

Adequate 'protection i s  generaEZy &pendent on the wir ing  system; for e q l e ,  

.sheathed cable or insukted conductors i n  crmduit. .InsuZQted conductors 

for general wiring require conduit for protection unless an open wire on 

insulators or a knob and tube wiring system i s  used. 

. . 

Metallic and nonmeta~~ic  conduit i n  addition to providing protection to  

I conductors, also, protect surroun&ings against.fire hazard that may result 

from over heating or 'arcing a t  the enclosed conductors, and serve t o  support 

the conductors. Metal conduit can provide a grounded enclosure to prevent 

shock hazard and 'can provide a system ground path eliminuting the need for 

a grounding conductor. 

Cable wiring systems, i n  general, have a metallic or PVC sheathing that 

protects against &age to conductors. 

In very hazardous areas, other protective means such as enclosures or guard 

strips must be used. 



300-15 BOXES OR FITTINGS - WERE REQUIRED 
. . . . 

(a) Box or Fitting. A box or fitting shall be installed at each conductor 
splice connection point, outlet,. switch point, junction point, or pull 
point for the connection of conduit, electrical metallic tubing, 
surface raceway, or other raceways. 

Exception NO. 1 : A box ?r' fitting shall not be required for a conductor 
splice connection in surface raceways, wireways, header-ducts, multi-outlet 
assemblies, and auxiliary gutters, cable trays and conduit bodies having 
removable covers which are accessible' after .installation. 

Conduit bodies (Types I1T", llL", etc.) are a part of the conduit or tubing 
system and should not contain more conductors than permitted for the raceway. 
Conduit bodies having providions for 1ess.than three conduit entries are . 
not to contain splices, taps, or devices unless they are durably and legibly 
marked with their cubic inch capacity and the maximum number of conductors 
that is permitted to be enclosed is to be computed as per Table 370-6(b). 
See Sections 370-6(b) and 370-6(c) . 
For the use of conductors No. 4 or larger, see'section 370-18(a). 

Exception No. 2: As permitted in Section 410-31 where a fixture approved 
for the purpose is used as a raceway. 

Commentary: 

This i s  a very cr i t ical  electrical requ&ement. I t  atutes that aZZ connections 

and splices must be protected and must be accessible af ter .tnstaZZation. 

I t  also impZys that no wire shaZZ be spliced or c m c e e d  cnd t h  drawz 
in to  conduit or mcewqy so that the connection i s  inaccessible. 

As mentioned i n  the commentary foZlowing. Section 110-14, it nas determined 

from the Terminal Study that a quick connect t e d n a l  would be the most 

economical for the paneZLarray branch circuit  connection. Based on the NEC 

definition for f i t t ings,  "an accessory such as. a lock nut, bushing, or 

other part of a tlvi~Lng system that i s  intended pr imar i l y  to  perform a 

mechanical rather than an electrical function", the quick connect dessgn . 
- 

appears t o  meet 11 0-1 4 requirements. andcan replace the junction boz. 

(b) Box Only. A box shall be installed at each conductor splice connection 
point, outlet, switch point, junction point, or pull point for the 
connection of Type AC cable, Type PIC cable, mineral-insulated metal- 
sheathed cable, nonmetallic-sheathed cable, or other cables, at the 
connection point between any such cable system and a raceway system 
and at each outlet and switch point for concealed knob-and-tube wiring. 
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Exception No.. 1: As permitted by Section 336-11 for insulated ':&tiit : 
. . . . . . 

devices supplied by nonmetallic-sheathed cable. . ~ 

. . 

Exceptiw Nu. 2: As permitted by Section 410-62 for rosettes. 

Exception No. 3: Where accessible fittings approved for the purpose. 
are used for straight-through splices in mineral-insulated metal- . 

sheathed cable. 
. . . . 

Exception No. 4: Where cables enter or. exit from conduit or tubing 
which is used to provide cable support or protection against physical 
damage. . _.. . , 

Exception No. 4 was inserted in the Code to permit conduit or tubing to be 
used as. support and .protection agai'nst 'physical damage without terminating 
in a box at such places as boil'ers or furnaces where nonmetallic-sheathed 

' 

cables would dangle in free air for 5 or 6 ft. This Exception also permits 
conduit or tubing to,be used as physi'cal protection.for underground cables 
exiting from buildings or outdoors on poles, without a .box being required 
on the end of the conduit. . , 

Exception No. 5: Wiring devices with integra-l enclosures. approved for 
the purpose, having brackets that securely fasten the device in .walls 
or ceilings of frame construction . for use .with nonmetal lic-sheathed 
cable, shall be permitted without a separate box. 

See Sections 336-5, Exception No. 2, 336-11, 545-10, and 551-15(a) Exception. I 
The wiring deu'iees described i n  Exception No. 5 are sCmi.2~~ i n  'concept t o  

. . 
the quick connect. 

. . Commentary : . . 

Article 310 i s  divided into three parts - general requirements, conductors 

600 vol ts  or 'less, and conductors 600 votts  or more. 
. . 

A l l  of t h i s  ar t ic le  except that dealing with 600 vot ts  or more relates 

directly t o  residential PV m a y .  Only those sections requiring comment 

are reprinted here. 
. . 

This ar t ic le  covers general use. conductors. ' ~onductors and cable systems 

developed t o  meet specific needs. are covered i n  separate Articles that' 

explain their  particular ' instal  Zation requirements. 



310-1 SCOPE 

This article covers general requirements for conductors and their type 
designat ions, insul'ations , markings, mechanical strengths, ampacity ratings, 
and uses. These requirements do not apply to conductors that form an 
integral part of equipment, such as motors, motor controllers, and similar 
equipment, or to conductors specifically provided for elsewhere in this 
Code. 

For flexible cords and cables, see Article 400. For fixture wires, see 
Article 402. 

310-5 MINIMUM SIZE OF CONDUCTORS 

Whether solid or stranded, conductors shall not be smaller than No. 14 
copper or No. 12 aluminum or copper-clad aluminum. 

Exception No. 1: For flexible cords as permitted by Section 400-12. 

Exception No. 2: For fixture wire as permitted by Section 410-23. 

Exception No. 3: For fractional hp motors as permitted by section 430-22. 

Exception No. 4: For cranes and hoists as permitted by Section 610-14. 

Exception No. 5: .For elevator control and signaling circuits as permitted 
by Section 620-12. 

Exception No. 6: For Class 1, Class 2 and Class 3 circuits as permitted by 
Sections 725-16, 725-37, and 725-40. , 

Exception No. 7: For fire protective signaling circuits as permitted by 
Sections 760-16, 760-27, and 760-30. 

Commentary: 

Note f i r s t  that these requirements do not apply t o  conductors that form an 

integral part of the module. 

Of the exceptions Zisted foZZowi.ng the minimum size requirements, only 

Exception No. 2 can apply t o  the module or array. See Article 410 for 

further explanation. 

310-7 WET LOCATIONS 

(a) Insulated Conductors. Insulated conductors used in wet locations 
shall be (1) lead-covered; (2) Types'RHW;' RUW, TW, THW,,THWN, XHHW; or 
(3) of a type approved for the'purpose.' 



(b) Cables.' Cables of one or more conductors used in wet locations shall 
be of a type approved for the purpose and use. 

S11r.h cnnductors shall not be used for direct burial in the earth 
unless of a type approved for the purpose. 

310-8 CORROSIVE CONDITIONS 

Conductors exposed to oils, greases, vapors, gases, fumes, liquids, or 
other substances having a deleterious effect upon the conductor or insulation 
shall be of a type approved for the purpose. 

A l l  conductors used i n  rack and stand o f f  mounting types must be approved 

for wet Zocations unless they are protected by waterproof enclosures. 

Conduit i s  available that i s  ap'proved for both dry or wet Zocations. Those 

approved for wet locations are ei ther galvanized s tee l ,  alwninwn, or PVC. 

Those approved for indoors are ei ther enamel coated metal, s tee l ,  or non- 

metallic (PVC). Approved conduit types are described'in Articles 345 

through 352. 

Cables approved for wet Zocations are covered i n  Artic'les 330 and 339. 

.Corrosive protection i s  not required for a typical residential i n s t a l k t i o n ,  

however, an integral mount array over a battery storage area i s  a conceivable 

design which wouM require insulated conductors i n  conduit or cable approved 

for that purpose. 

310-9 TEMPERATURE LIMITATION OF CONDUCTORS 

No conductor shall be used in such a manner that its operating temperature 
will exceed that designated for the type of insulated conductor involved. 
In no case shall conductors be associated together in such a way with 
respect to type of circuit, the wiring method employed, or the number of 
conductors that the limiting temperature of any conductor' is exceeded. 

Most terminations are designed only for 60°C or 7S0c maximum temperatures; 
therefore, the higher rated ampacities for conductors of 90°C, 110~C, etc., 
cannot be utilized unless the terminations have comparable ratings. 

Tables 310-16 through 310-19 have correction factor tables for ambient 
temperatures that 'exceed 30'~ c86O~) ; To assign the proper allowable load 
current to a conductor in an ambient above 3d0c, the appropriate correction 
factors must be used to determine the maximum allowable load permitted on 
any given conductor. 



. . 

Example: A No. 2 TW copper conductor is to be installed in a raceway in an 
ambient temperature of' 50'~. According. to Table 310-16, the ampacity of 
the conductor is 95 A which is multiplied by 0.38 Ctaken from the correction 
factors at the bottom of the tableJ; thus the maximum allowable load current 
of the No. 2 conductor is reduced.to 55.1 A (95 A,x 0.58 = 55.1 A). 

If six of these conductors were run in a raceway, Note 8 to the Tables 
would require the maximum allowable load current to.be reduced to 80 percent, 
which, in this case, would be 55.1 A x 0.8' = .44.08. A. U~der these conditions 
the No. 2 conductor would be suitable for a 40 A circuit. 

The basis for determining the ampacities of conductors for Tables 310-16 
through. 310-19 was the "NEMA Report of Determination of Maximum Permissible 
Current-Carrying Capacity of Code Insulated wires and Cables for Building 
Purposes" dated June 27, 1938. 

The temperature rating of a conductor (see Table 310-13) is the maximum 
temperature, at any 1ocatio.n along its length, that the conductor can 
withstand over a prolonged time period without serious degradation. The. 
principal determinants of operating temperatue are.(l) the ambient temperature 
(which may vary. along the length as well as from'time to time), (2) the 
heat generated internally by load current flow, and (3) the rate at which 
the internally generated heat dissipates into the,ambient medium (air, 
earth, etc.). Cognizance must also be .taken of adjacent load-carrying 
conductors which will both raise the temperature of the conductors and 
partially impede dissipation of heat. 

Conductors that have a rating above the anticipated maximum ambient termperaturc 
should be chosen. The operating temperature of conductors should be controlled 
at or below its rating by coordinating' conductor size, number of-associated 
conductors, and allowable load current for the particular conductor rating 
and ambient temperature. Tables 310-17 and 310-19 give ampacities, or 
allowable load currents, for isolated conductors (not in contact with other 
conductors). Tables 310-16 and 3.10-18 give ampacities where up to three 
conductors are closely associated (in.contact). All tabulations are based 
on a 30°C ambient temperature condition and should be corrected for the 
anticipated ambient using the correction factors at the bottom of the 
tables. Where more than three conductors are associated together, the 
additional correction given in Note 8 to the Tables is to be applied. 

Commentary : 

Operating temperature of the module, panel, and array' w i r ing  must be k m  

t o  safely size the conductors. l7wse parameters most important. i n  determining 

operating temperature are module design characteristics le.g., NOCT or some 

other measure), panel wiring details le.g., prewir2d racemys i n  metat . 
conduit or exposed wiring), array wiri,ng method (e. g., wiring exposed to  

vented a t t i c  space or concealed between the pane2 and roofl, and mounting 

detail  (e,.g., Cntegral over a vented a t t i c  space or stand of f  with aZZowame 

for free air  movement). 
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. . UL .TABLE 1 
. . . MINIMUM TEMPERATURE RATING OF WIRING , , . 

, i .  I . . ': ! ,  , - .  , , .  

Type of Fixture Position of Lamp Base OC O F  

Ceiling-mounted, enclosed (a) Any 150 302 
glass fitter (b), dropped- 
glass (c), single-or multiple- 
bullet shade types (d or e) 

Suspended, enclosed lamp Up, or horizontal 150 302 

Suspended, enclosed lamp (f) Down 

Suspended, open lamp (g) Up, or horizontal 90 194 1 
Suspended, open lamp (g) . I 
Wall .Bracket, open or 
enclosed lamp (h) 

Wall Bracket, enclosed 
lamp (i) . 

Down 

Up, or hori-zontal 
. . 

Down 

Wall Bracket, open lamp (k) Down 60 140 

UL FIGURE 1 , 

CEILING-MOUNTED F IXTURES. .  

(a)  Enclosed lamp. Ib )  Glssr f i t t e r .  ( c )  Dropped-gla,s ( remi - f lu lh ) .  . . . 
(d)  Mu l t ip le  b u l l e t  shade ( e l  Single b u l l e t  shade 

STEM-SUSPENOED FIXTuRFS, 

( f )  Enclosed lamp (9 )  Open !arnp 

+ .  

h i k 

WALL-BRACKET FIXTURES 

( h )  Enclorcd lamp (bare up1 ( i )  Enclosed Ianlp (bale dm") (j) ~~~l~~~~ lamp 
(ba$e hor i ron ta l )  ( k l  Open lamp (bare dm,,) 



Stamihrds for module designs and mounti,ng detai ls  w i l l  probably be established 

by an independdht test in^ Zabomtory, such as UL. As an example i f  what' 

these ~ tandards 'm i~h t  look Zike, minimum. temperature ratings for wiring 

used i n  lighting p:xtures, reprinted from UL Stmzdard 57, are given i n  

UL Table I and UL Figure. I .  A simita-* table using di f ferent  parameters i s  

Zike Zy for residential photovoltuics. 

310-10 CONDUCTOR INDENTIFICATION & MARKING 

Comen t a q  : 

Conductor Ident4fication and Marking requ{rements should 'not be a consid- 

eration of the module manufacturer - th i s  should aZZ be handled by the 

wiring manufacturer. 

310-12 CONDUCTOR APPLICATION 

Insulated conductors listed in Table 310-13 shall be permitted for use with 
any of the wiring methods recognized by Chapter 3 as specific in the table. 

Thermoplastic insulation may stiffen at temperatures colder than minus 10°C 
(plus 14"~), requiring, care be exercised during installation at such temper- 
atures. Thermoplastic insulation may also be deformed at normal. temperatures 
where subjected to pressure, requiring care be exercised during installation 
and at points of support. 

310-13 CONDUCTOR CONSTRUCTION 

Insulated conductors for use at 600 volts or less shall comply with Table 
310-13. 

Table 310-13 lists the various types of insulated conductors as covered by 
the requirements of this Code. More detailed wire classification information 
from sizes Nos. 14 through 2,000 MCM.may be obtained from standards or 
directories, such as those published by the Underwriters Laboratories Inc. 

Table 310-13 also includes conductor applications and maximum operating 
temperature. Some conductors have dual ratings, such as Type XHHW, rated 
90°C for dry locations and 7 5 " ~  for wet locations; or, Type THW, 7S0c for 
dry and wet locations and 90°C for special applications within electric- 
discharge lighting equipment. In no case are conductors to be associated 
together in such a way, with respect to 'type of circuit, the wiring method 
employed, or the number of conductors, that the limiting temperature of any 
conductor is exceeded (see Section 310-9) .. ~ o s t  terminals of wiring devices, 
switches, and panelboards have not been tested for use wkth conductors 
whose maximyn insulation temperature exceeds 75'~. 

The maximum continuous ampacities for copper, copper-clad aluminum, and 
aluminum are listed in Tables 310-16 through 310-19 and acconipanying Notes 
1 through.12. , 



310-15 AMPACITY 

The maximum continuous ampacities for copper, aluminum, and copper-clad 
- aluminum conductors shall be as specified in Tables 31'0-16 through 310-19 

and accompanying Notes 1 through 12. 

Comentamj : 

Table 310-13 i s .  not reprinted i n  th is  report. A complete l is t ing of wires 

and wire cZassification informtion i s  available from UL and wire manufacturers. 

NEC A2 ZowabZe Ampacity Tables and Notes are' reprinted on. the following 

pages. 

ARTICLE 320 - OPEN WIRING ON INSULATORS 
320-1 DEFINITION 

Open wiring on insulators is an exposed wiring method using cleats, knobs, 
tubes, and flexible tubing for the protection and support of single insulated 
conductors run in or on buildings, and not concealed by the building structure. 

Open wiring on insulators is an exposed wiring method and is not to be con- 
cealed by the structure or finish of the building. It is permitted indoors 
or outdoors, in dry or wet locations, and where subject to corrosive vapors. 
Open wiring may be any of the general-use conductors listed in Table 310- 
13, such as Types TH, T, TW, XHHW; the selection, of course, is dependent 
upon whether the location is wet or dry, temperature considerations, ampacities, 
etc. 

This method of wiring may be used for transformer hook-ups in vaults or at 
substations, temporary lighting and power circuits on construction sites, 
lighting and power circuits in agricultural buildings, and services, and is 
commonly used for feeders 'in industrial locations. See Section 305-2, '547- 
3, 230-43, and' Article 710. 

320-3 USES PERMITTED 

Open wiring on insulators shall be permitted on systems of 600 volts, 
nominal or less for industrial or agricultural establishments, indoors or 
outdoors, in wet or dry locations,' where 'subject to corrosive vapors, and 
for services. 

Comentary : 

Open wire on insulators i s  not al lowd. for residential applications. 

A2 though the NEC Article does not specifically state th is ,  conversations 

with Cbde Cohi t tee  member A. P. Haggerty, and several Pittsburgh. area 

electrical inspectors verifys that approval of open wire on insulators i s  

for agricuZturaZ and industrial establishments only. 

4- 79 
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. . . . 



NATIONAL ELECTRICAL CODE . . 

CONDUCTORS FOR GENERAL WIRING 

310-15. Ampacity. The maximum continuous ampacities for 
copper, aluminum and copper-clad'aluminum'conductors shall 

~ a b i e  310-16. 
Allowable Arnpacities of Insulated Copper Conductors 

Not More than Three Conductors i n  Raceway or Cable o r  
Direct Burial (Based on Ambient Temperature of 30°C. 86'F.). 

Table 310-18. 
Allowable Arnpacities of Insulated Aluminum and 

Copper-Clad Aluminum Conductors 
Not More Than Three Conductors i n  Raceway or Cable Or 

Direct Burial (Based on Ambient Temperature of 30°C. 86'F.) 

be as, specified in Tables 310-16 through 310-19 and accom- 
panying Notes 1 through 14. 

Table 310-17. 
Allowable Ampacities of Insulated Copper Conductors 

Single Conductor i n  Free Air 
(Based on Ambient Temoerature of 30°C. 86'F.) 

Special use only. See Table 310-13 . Page 31. 
' O  For dry locations only. See Table 310-13 - Page 31. 
;hese ampacities relate only to conductors described i n  Table 31013. 
t The ampacities for Types FEP. FEPB. RHH. THHN, and XHHW con- 

ductors for sizes 14. 12. and 10 shall be the same as designated 
for 7S°C conductors in this Table. 

For ambient temperatures over 30°C, see Correction Factors, Note 13. 

These ampacities relate only to conductors described in Table 310.13. These ampacities relate only to conductors described in. Table 31013. 
* For dry locations only. See Table 310.13 . Page 31. ' For dry locations only. See Table 310-13 . Page 31. 
t The ammacities for TvDes RHH. THHN. and XHHW conductors for t The ameacities for Tvaes RHH. THHN. and XHHW cenclnlctora for 
dzes  12 :rid l 0 ~ s h a l l  6 the same as designated for 7S°C conductors size; 12 annd 10-shall &'tie &me asdekii"iteb'.fa;-7g-~onducto% 
i l  e h i r  TsLl- .r +hir T-hln ... ....- ..a ..a, a ,aun.a. 

For ambient temperatures over 30°C. see Correction Factors. Note 13. For ambient temperatures over 30°C. see ~ o r r e c i i o n  Factors. Note 13. 

TABLES 310-16 through 310-19 



NOTES TO N,.E.C. TABLES 310-16 THROUGH 310-19 

Amoacity. l he maximum, continuous, ampacities of copper conductors are given in Tables 310-16 and 310.17. The ampacities of 
aluminum and copper-clad aluminum conductors are given in  Tables 310-18 and 310-19. 

1. Explanation of Tables. For explanation of Type Letters, and 
for recognized size of conductors for the various conductor 
insulations. see Sections 310-12 and 310-13. For installation 
requirements, see Sections 310-1 through 310-9, and the var- 
ious Articles of this Code. For flexible cords see Tables 400-4 
and 400-5. 

2. Application o f  Tables. For open wiring on insulators and 
for concealed knob-and-tube wiring, the allowable ampacities 
o f  Tables 310-17 and 310-19 shall be used. For all other 
recognized wiring methods, the allowable ampacities of Tables 
310-16 and 310-18 shall be used, unless otherwise provided 
in  this Code. 

3. Three-Wire Single-Phase Residential Services. For 3-wire, 

Exception No. 3: For conductors installed in  cable trays, the 
provisions of Section 318-10 shall apply. 

9. Overcurrent Protection. Where the standard ratings and 
settings of overcurrent devices do not correspond with the 
ratings and settings allowed for conductors, the next higher 
standard rating and setting shall be permitted. 
Exception: As l imited i n  Section 240-3. 

10. Neutral Conductor. (a) A neutral conductor which carries 
only the unbalanced current from other conductors, as in the 
case of normally balanced circuits of 3 or  more conductors, 
shall not be counted in determining ampacities as provided 
for in Note 8.. 

single-phase residential services, the allowable ampacity of (b) In a J-wire circuit consisting of two phase wires and Types RH. RHH. RHW, THW and XI-IHW copper sewice-entrance the neutral of a 4.wire, 3.phase system, a conductors shall be for sizes No. 4-100 Amp., No. 3-110 Amp., 
No. 2.125 Amp., No. Amp., No, 1/0.175 Amp., and No. common conductor carries approximately the same current as 

2/0.200 Amp,, and the allowable ampacity of Types RH, RHH, the other conductors and sha!l be COlJnted in  determining am- 

RHW. THW, and XHHW aluminum and copper-clad aluminum pacities as provided in Note 8. 
service-entrance conductors shall be for sizes No. 2-100 Amp., (c) On a 4-wire, 3-phase wye circuit where the major portion 
No. 1.110 Amp., No. 1/0-125 Amp., NO. 2/0-150 Amp., No. of the load consists of electric-discharge lighting there are 
3/0.175 Amp. and No. 4/0-200 Amp. harmonic currents present in  the neutral conductor and the 

4. Aluminum and CoDDerclad' Aluminum Conductors. For neutral shall be considered t o  be a current-carrying conductor. 

aluminum and copper-ciad aluminum conductors the allow. 11. Voltage Drop. The allowable ampacities in Tables 310-16 able ampacities shall be in accordance with Tables.310-18 through 310.19 are based on temperature alone and do not 
and 310-19. take voltage drop into consideration. . 

5. Bare Conductors. Where bare conductors are used with 
insulated conductors, their allowable ampacities shall be 12. Aluminum-Sheathed Cable or Copper-Sheathed Cable. The 
limited to  that permitted for the insulated conductors of the ampacities of Type ALS and Type CS cables are determined 
same size. by the temperature limitation of the insulated conductors in- 

coroorated within the cable. Hence the amoacities of alumi. . ~ -  ~- 

6. ~ineral-Insulated, Metal-Sheathed Cable. The temperature numsheathed cable or copper-sheathed cable may be deter- 
limitation on which the ampacities of mineral-insulated, metal- mined from the columns in Tables 310-16 and 310.18 a p  
sheathed cable are based is determined by the insulating plicable to  the type of insulated conductors employed within 
materials used in  the end seal. Termination fittinas incorpo. the cable. 
rating unimpregnated, organic, insulating materials-are limited 
to  85OC operation. 

7. Ultimate Insulation Temperature. In no case shall con- 
ductors be associated together in such a way with respect t o  
the kind of circuit, the wiring method employed, or the number 
of conductors, that the limiting temperature of the conductors 
will be exceeded. 

8. More Than 3 Conductors i n  a Raceway or Cable. Where the 
number of conductors in a raceway or cable exceed 3, the 
maximum allowable load current of each conductor shall be 
reduced as shown in the following table: 

Per Cent of Values In 
Number of Tables 310-12 and 
Conductors 310-14 

4 thru 6 
7 thru 24 

25 thru 42 
43 and above 

13. Use of Conductors With Higher Operating Temperatures. 
Where the room temperature is within 10 degrees C of the 
maximum allowable operating temperature of the insulation, 
it is desirable to  use an insulation with a higher maximum 
allowable operating temperature; although insulation can be 
used in a room temperature approaching its maximum allow- 
able operating temperature l imit if the current is reduced in 
accordance with the correction factors for different room tem- 
peratures as shown in the correction factor table, Table 13. 

Table 13 
Correction Factors 

Ambient Temps. Over 30%. 86°F. 

Where single conductors or multiconductor cables are stacked 
or bundled without maintaining spacihg and are not installed 60 140 
in  raceways, the maximum allowable load current of each con. 70 158 

75 167 
ductor shall be reduced as shown in the above table. 80 176 

Exception No. 1: When' conductors of different systems, as 9 0  194 
provided in  Section 300-3, are installed in  a common raceway l o o  212 

120 248 the derating factors shown above shall apply to  the number of 
140 284 power and lighting (Articles 210, 215, 220 and 230) conduc. 

tors only. 160 320 

Exception No. 2: The derating factors of Sections 210-22(c), 180 356 
200 392 

220:2(a) and 220-10(b) shall not apply when the above de- 225 437 
rating factors are also required. 
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ARTICLE 324 - CONCEALED KNOB-AND-TUBE WIRING 
324-1 DEFINITION 

Concealed knob-and-tube wiring is a wiring method using knobs, tubes, and 
flexible. nonmetallic tubing 'for the protection and support of single insulated 
conductors concealed in hollow spaces of walls and ceiling of buildings. 

Open wiring on'insulators (Article 320) is an "exposed" wiring method, 
whereas knob-and-tube wiring is a 'lconcealedll method. Conductors used for 
knob-and-tube work may be 'of any general-use type specified by Article 310. 

324-3 USES PERMITTED 

Concealed knob-and-tube wiring shall be permitted to be used only for 
extensions of existing installations and .elsewhere only by special permission 
under the following conditions: 

(1) In the hollow spaces of walls and ceilings. 

(2) In unfinished attic and roof spaces as provided in.Section 324-11. 

324-4 USES NOT PERMITTED 

Concealed knob-and-tube wiring shall not be used in commercial garages, 
theaters, and similar locations, motion picture studios, or hazardous 
locations. 

Commentary: 

Because o f ,  i t s  limited application: as extensions o f  existing installations ' 

and elsewhere by special permission, concealed knob rmd tube should not be 

considered as a suitabZe method of.wii4ng the array. 

ARTICLE 328 - FLAT CONDUCTOR CABLE (FCC) 

328-4 USES 

(a) Branch Circuits. Use of FCC systems shall be permitted both for 
general-purpose and appliance branch circuits, and for individual 
branch circuits. 

(b) Floors. -Use of FCC systems shall be permitted on hard, sound, smooth, 
. continuous floor surfaces made of concrete, ceramic or composition 
flooring, wood, and similar materials. 

(c) Walls. Use of FCC systems shall be permitted on wall surfaces in 
surface metal raceways. 

(d) ~ & n ~  Locations. Use of FCC systems in damp locations shall be permitted. 



(e) Heated Floors. Materials used for floors heated in excess of 30'~ 
(85°F) shall be approved for the purpose. 

328-5 USES NOT. PERMITTED 

FCC systems shall n o t  be used: (1) outdoors or in wet locations; (2) where 
subject to corrosive vapors; (3) in any hazardous locations; or (4) in 
residential, school, and hospital b~lildings. 

Comentary : 

Flat cable ' i s  not allowed ' in residences and therefore, cannot be used i n  a 

residential photovoltaic system. However, the NEC has not considered Flat 

Cable Conductor (FCC) as p a r t  of a photovoltaic system, and i f  a safe 

wiring system using f l a t  cable i s  designed, residential PV systems could use 

it, provided it passes a l l  the appropriate test ing procedures and meets a l l  

NEC requirements. 

ARTICLE 330 - MINERAL-INSULATED METAL-SHEATHED CABLE (MI) 

330-1 DEFINITION 

Type MI mineral-insulated, metal-sheathed cable is a factory assembly of 
one or more conductors insulated with a highly compressed refractory mineral 
insulation and enclosed in a liquidtight and gastight continuous copper 
sheath. 

Mineral-insulated, metal-sheathed cable consists of one or more solid 
copper conductors insulated with 'highly compressed magnesium oxide and 
enclosed in a continuous copper sheath. It is labeled in sizes 16 AWG to 
250 MCM one conductor, 16 to 4 AWG two and three conductor, 16 to 6 AWG 
four conductor and 16 to 10 AWG seven conductor. The cable is rated 600 V. 

330-3 USES PERMITTED 

Type MI cable shall be permitted as follows: (1) for services, feeders, 
and branch circuits; (2) in dry, wet, or continuously moist locations; (3) 
indoors or outdoors; (4) where exposed or concealed; ( 5 )  embedded in plaster, 
concrete, fill or other masonry, whether above or below grade; (6) 'in any 
hazardous location; (7) where exposed to oil and gasoline; (,8) where exposed 
to corrosive conditions not deteriorating to its' sheath; (9) in underground 
runs where suitably protected against physical damage and corrosive 'conditions. 

Comentary : 

Mineral insulated metal sheathed cable i s  probably the most versat i le  cable 

avaiZabZe - it can be used i n  almost any application. However, that level 

of protection i s  not required for a typical residential application, 



333-1 DEFINITION 

Type AC cable is a fabricated assembly of insulated conductors in . a . .  flexible 
metallic enclosure. See Section 333-4. 

- .  
333-4 CONSTRUCTION 

Type AC cable shall be an approved cable with acceptable metal covering. 
The insulated conductors shall conform with Section '333-5. 

I 

Type AC cables are branch-circuit feeder cable's with, armor of flexible 
metal ,tape. Cables of the AC type, except ACL, shall have an internal 
bonding strip of copper or aluminum, in intimate contact with the akmor:for , . 
its entire length. 

333-5 CONDUCTORS 
. . 

Insulated conductors shall be of a type listed in Table 310-13. In addition, 
the conductors shall have an overall moisture-resistant and fire-retardant 
fibrous covering. For Type ACT, a moisture-resistant 'fibrous covering . 

shall be required only on the individual conductors. 

333-6 USE 

Except where otherwise specified elsewhere in this Code, and where not 
subject to physical damage, Type AC cable shall be permitted'for branch 
circuits and feeders in both exposed and concealed work. 

Type AC cable shall be permitted in dry locations; for underplaster extensions 
as provided in Article 344; and embedded in plaster finish on brick or 
other masonry, except in damp or wet locations. It shall be permissible to 
run or fish this cable in the air voids of masonry block or tile walls; 
where such walls are exposed or subject to excessive moisture or dampness 
or are below grade line, Type ACL cable *shall be used. This cable shall 
contain lead-covered conductors (Type ACL) if used where exposed to the 
weather or to continuous moisture; for underground runs in raceways and 
embedded in masonry, concrete, or fill in buildings in course of construction; 
or where exposed to oil, or other conditions having a deteriorating effect 
on the insulation. 

I 

Type AC cable shall not be used where prohibited elsewhere in this,Code; 
including (1) in theaters and similar locations, except as provided in 
Article 528, Places o.f Assembly; (2) in motion-picture studios; (3) in any 
hazardous locations; (4) where exposed to corrosive fumgs or vapors; (5) on 
cranes or hoists, except as provided.in Section 610-11, Exception..No. 3.; 
(6) in storage battery rooms; (7) in hoistways or on elevators, except as 
provided in Section 620-21; or (8) in commercial garages where prohibited 
in ~rticle 511. 

Exception: . See Section 501-4Cb) Exception. 



provided to protect wires from abrasion, unless the design of the outlet 
boxes or fittings is such as to afford equivalent protection, and in addition, 
an approved insulating bushing or its equivalent approved protection shall 
be provided between 'the conductors'and the armor. The connector or clamp 
by which tye Type AC cable is fastened to boxes or. cabinets shall be of 
such design that the insulating bushing or. its equivalent will be visible' 
for inspection. This bushing 'shall .not be required with lead-covered cables 
where so installed that the lead sheath will be visible for inspection. 
Where change is made from Type AC cable' to other cable or raceway wiring ' . 
methods, a box shall be installed at junction points as required in Section 
300-15. 

Commentary: 

Armored cable, commonly called BX, i s  used widely i n  comercia2 buildings. ' 

I t  i s  a flexible equivalent of insukted conductors i n  conduit and i s ,  

frequently used to wire lighting and receptacle branch circuits i n  buihiings. 

I t  of fers more protection. than ~onrnetullic-sheathed Cable, NM. (See Article 

336).  

BX requires boxes and f i t t ings as per Section 333-9. However, BX i s  used 

with a' p Zug-type 'te2.lminirZ (generically a quick connect 'design) i n  the UL- 

and NEC-approved Wiremo ld ODs Ouerhead Distribution System. 

Although the wording i s  somewhat confusing, Sectfon 333-12(a) says cables 

running near either edge of  raf ters or studs must be protected by steel 

plates similar to that mentioned i n  300-4(a). The intention i s  t o  prevent 

cable puncture by mllboard naits. 

ARTICLE 336 -. NONMETALLIC-SHEATHED CABLE (NM) 

336-1 DEFINITION 

 onm metallic-sheathed cable is a factory assembly of two or more insulated 
conductors havlng an outer sheath of moisture-resistant, flame-retardant,, 
nonmetallic material. 

Nonmetallic-sheathed cable may be used for either exposed or concealed 
wiring and is a common substitute for concealed knob-and-tube wiring (~rticle 
324) and open wiring on insulators (Article 320). The basic advantages of 
nonmetallic-sheathed cable .(Type NM and Type NMC) are that the outer sheath 



provides continuous protection in addition to the rubber-covered or thermo- 
plastic insulation applied to the'conductors; the cable is easily fished in 
partitions of finished buildings; no insulating supports are required; and 
only one hole need be bored where the cable passes' through a wooden cross 
member. 

Where the cable passes through factory or.field-punched holes in metal 
studs or similar members, it is to be protected by bushings or grommets 
securely fastened in the opening. See Section 300-4Cb). 

336-2 CONSTRUCTION 

Nonmetallic-sheathed cable shall be an approved Type NM or NMC in .sizes No. 
14 through 2 with copper conductors and in sizes No. 12 through 2 with 
aluminum or copper-clad aluminum conductors. In. addition to the insulated- 
conductors, the cable may have an approved size of insulated or bare conductor 
for equipment grounding purposes only. 

Conductors of Types NM and NMC .shall be one of the types listed in Table 
310-13 which is suitable for branch-circuit wiring or one which is approved 
for the purpose. The ampacity of Types NM and NMC cable shall be that of . - 

60'~ (140°F) conductors in Table 310-16. 

(a) Type NM. The overall covering s.hal.1 have a flame-retardant and moisture- 
resistant finish. 

(b) Type NMC. The overall covering shall be flame-retardant, moisture- 
resistant, fungus-resistant, and corrosion-resistant. 

(c) Marking. In addition to the provision of.Section 310-11, the cable 
shall have a distinctive marking on the exterior.for its entire length 
specifying the cable type. 

336-3 USES PERMITTED OR NOT PERMI'ITED 

Type NM and Type NMC cables shall be perm?tted to be used in one- and two- 
family dwellings, or multifamily dwellings and other structures not exceeding 
three floors above grade. For the purpose of this article, the first floor 
of a building .shall be that floor designed for'human habitation'which is 
level with or above finished grade of the exterior wall line of 50 percent 
or more of its perimeter. 

(a) Type NM. This type of nonmetallic-sheathed cable shall be permitted. 
to be installed for both exposed and concealed work in normally dry 
locations. It shall be permissible to install or fish,type NM cable in 
air voids in masonry block or tile walls where such walls are not 
exposed or subject to excessive moisture or dampness. 

Type NM cable shall not be installed where exposed,to corrosive fumes 
or vapors; .nor shall it be imbedded"in masonry, concrete, adobe, fill, 
or plaster; nor run in a shallowchase in masonry, concrete or adobe 
and' covered with plaster, adobe or similar finish. 



(b) Type NMC. Type NMC cab1.e shall b permitted for both exposed and 
concealed work in dry, moist, damp, or corrosive locations, and in 
outside and inside walls of masonry block or tile. 

(c) Uses Not Permitted For Either Type NM or NMC. Types NM and NMC cables 
shall not be used as:. (1) service-entrance cable, (2)  in commerical . 

garages, (3) in theaters and similar locations, except as provided in 
Article 518, Places'of Assembly, (4) in motion-picture studios, (5) in 
storage battery rooms,. (,6) in hoistways, (7) in any hazardous location, 
(8) embedded in poured cement; concrete, or aggregate. 

. . 

I Exception: See Section 501-4(b) Exception. 

Type NMC (corrosion resistant) cable has proven very beneficial for installa- 
tions in dairy barns and.similar farm buildings (See Article 547) where 
extremely cold temperatures are experienced 'and ordinary types of nonmetallic 
cables have in some cases deterioratkd rapidly due to the growth of fungus 
or mold. 

In addition to the insulated conductors, nonmetallic-sheathed cable may 
have an approved ~ize of insulated or bare conductor for equipment grounding 
purposes only. See Section 250-57 and Table 250-95. 

336-5 SUPPORTS 

Nonmetallic-sheathed cable shall be secured by staples, straps, or similar 
fittings so designed and installed as not to injure the cable. Cable shall 
be secured in place at Tntervals not exceeding 4 1/2 feet and'within 12 
inches from every cabinet, box, or fitting. 

I Exception No. 1: For concealed work in finished buildings dr finished 
panels for prefabricated buildings where such.sdpporting is impracticable, 
it.shall. be permissible to fish the cable'between access points. 

Figure 336-1. A representation of a first floor of a building 
which is level with' or above finished grade of the exterior wall 
line of 50 percent or more of its perimeter. 



~xce~tion No. 2: A wiring device approved for the purpose, without a 
separate outlet box, incorporating an integral .cable clamp .shall be permitted 
when the cable is secured in place at ,intervals not exceeding 4 1/2 feet 
and within '12 inches from the wiring .device wall opening, &d there shal'l , 

be at least a 12-inch loop .of unbroken cable or 6 inches of a cable and. 
available on the interior side of the finished wall to permit .replacement. . . 

For concealed work, nonmetallic cable should be installed in such a way as 
to be adequately protected from the .physical damage that could be caused .by 
nails or scyews., Where practical, care should be taken to avoid areas 
where trim, door and windbw casings, baseboards, picture moldings, etc., 
may be 'nailed,, See Section 300-4. 

. . 
336-6 EXPOSED-WORK - GENERAL . 

n. I 

In exposed work, except as provided in Section 336-8 and 336-9, the cable 
shall be installed as specified in (a) and (b) below. 

(a) To Follow Surface. The cable shall closely follow the surface of the 
building finish or of running boards :' 

(b) Protection From Physical Damage. The cable' shall be from 
physical damage where necessary.by conduit, pipe, guard strips, or 
other means. Where passing through a floor ths.'cable shall be enclosed. 
in rigid metal conduit, intermediate metal .conduit or metal pipe 
extending at least 6 inches above the floor. 

. . 

336- 7 THROUGH STUDS, JOISTS, AND ' RAFTERS 

The cable shall comply with Section 300-4 where installed through studs, 
joists, rafters, and similar members. 

336-8 IN UNFINISHED BASEMENTS 

Where the cable is run.at'angles with joists in unfinished basements, it 
shall be permissible to secure cables not smaller than two No. 6 or three 
No. 8 conductors directly to the lower edges of the hoists. Smaller cables 
shall either be run through board holes in joists or on running boards. 
Where run'parallel to the joists, cable of any size'shall be secured to the 
sides or faces of the joists.. 

336-9 IN ACCESSIBLE ATTICS 

The installation of cable in accessib1e:attics or roof spaces shall also 
comply with Section 333-12. 

336-11 DEVICES OF INSULATING MATERIAL 

Switch, outlet, and tap devices of insulating material shall be permitted 
' 

to be used without boxes in exposed.cable wiring, and for rewiring in 
existing buildings where the cable is concealed and fished. openings in 
such devices shall form a close fit. around the outer covering of the cable, 
and the device shall fully enclose that part of the cable from which any 
part of the covering has been removed. 



Where connections to conductors are by binding-screw terminals, there .shall 
be available as many terminals a3 conducto?~. 

' .  
Excepti'on: Where cables are clamped within the structure, and terminals 
are o f  a type apprnvpd. for mul~ioonduetors. 

, 

I 336-12 BOXES OF INSULATING MATERIAL . '  

 onm metallic outlet boxes shall be permitted as provided in Section 370-3. 

Nonmetallic boxes and nonmetallic wiring systems are desired in corrosive 
atmospheres; however, nonmetallic boxes sized over 100 cu. in. (for instance 
5 in. x 5 in. x 5 in. = 125 cu. in.) with bondidg means between all metal 
raceways and metal enclosed cables are permitted. See Sections 370-3, 370- 
7 (c) ,. and Article 547. 

Comentary : 

First o f  a l l ,  NMC i s  no longer available a& has been replaced by Underground 

Feeder ( U F )  cable (see Article 339). UF and NMC w&s phased out i n  favor of 

a sunlight resistcmt UF cable. 

Noonmeeta21<c Sheathed Cable (NM); or Romez as it i e  commonly r e f e ~ a d  to ,  4s 

a comon substitute for the older wiring technique of Knob-and-We. NM i s  . 

now used almost exclusively i n  residential wiring and may be the most 

appropriate wiring method for a residential. photovo Ztaic system. I t s  
advantages are that it i s  already a very cormnon element to  the residential 

building industry, it incorporates three conductors into one cable for 

easier handling and it already hns a connector designed and pending approval 

that can eliminute the need for a junction box' (see 336-11 and commentary 

fol lowing I 10-14.1 However, it i s  limited by a 60°C rating (see comehary 

following 310-15 for possible minimum temperature rating requirements for 

conductors). Also NM will require protection against physical damage where 

it i s  readily accessible, that i s ,  a ground mounted array, or an easily 

accessible roof. Another important limitation i s  i t s  restriction to  residences, 

multi-family dwellings and other buildings which do not exceed three i n  

height (see' 336-3). I 

ARTICLE 339 - UNDERGROUND FEEDER AND BRANCH-CIRCUIT CABLE 

(a) Description. Underground feeder and branch-circuit cabl'e'shall be an 
approved Type UF ,cable in sizes No. 14 through No. 4/0..' The conductors 



of Type UF shall be one of the moisture-resistant types listed in 
Table 310-13 which is suitable for branch-circuit wiring or one which 
is approved for the purpose. The ampacity of Type UF 'cable shall be 
that of 60°c (,140°~) conductors in Table 31'0-16. In addition to the 
insulated conductors, the cable shall be permitted to have an approved 
size of insulated,or bare conductor for equipment grounding,purposes 
only. The overall covering shall be f lame-retardant , moisture-resistant , 
fungus-resistant, corrosion-resistant, and suitable for direct burial 
in the earth. 

(b) Marking. In addition to the provisions of Section 310-11, the cable 
shall' have a distinctive marking on the exterior for its entire length 
specifying the cable type. 

Underground feeder and branch-circuit cable is rated for use at 60°C, 600 
V, and is labeled in sizes Nos. 14 to 4/0'AWG, copper, and Nos. 12 to 4/0 
AWG, aluminum or copper-clad alumin?, for single and multiple conductor 
cables. 

Submersible Water Pump Cable indicates a mul.ticonductor cable in'which 2, 
3, or 4 single-conductor Type UF cables are twisted together without an 
outer covering. The cable is labeled in sizes from 14 AWG to 2 AWG, copper, 
and from 12 AWG to 2 AWG, aluminum or copper-clad aluminum. The cable is . 
tag marked: "For use within the well casing for wiring deep-well water 
pumps where the cable is not subject to refietitive handling caused by 
frequent servicing of the pump units. The insulation may also be surface- 
marked "Pump cable. " 

This cable'may employ copper, or aluminum, or copper-clad aluminum conduc- 
tors. Cables with copper-clad aluminum conductors are surface printed "AL 
(CU-CLAD) . " 

If single conductor Type UF cable is terminated with a fitting not specifically 
recognized for use with single conductor'cable, special care should be 
taken to assure it is properly secured and not subject to damage. 

339-3 USE 

(a) USES PERMITTED 

(1) Type UF cable shall be permitted for use underground, including 
direct burial in the earth, as feeder or branch-circuit. cable 
where provided with overcurrent protection of the rated ampacity 
as required in Section.339-4. 

(2) Where single-conductor cables are installed, all cables of the 
feeder circuit, sub-feeder circuit, or branch circuit, including 
the neutral conductor, if any, shall be run together in the r same I %.. 

trench or' raceway. 

(3) For underground requirements, see Section 300-5. 



(4) Type UF cable shall be permitted for interior wiring in wet, dry, 
or corrosive locations under the recognized wiring methods of 
this Code, and where installed as nonmetallic-sheathed cable, the 
installation shall comply with the provisions of Article 336 and 
shall bc of the 111~1tiiullclu~~t0~ rype. 

Exception: Single conductor cables shall be permitted as the nonheating 
leads for heating .cables as provided in Section 424-43. 

Type UF cable supported by cable trays shall be of the multiconductor type. 

(b) USES NOT PERMITTED 

Type UF cable shall not be used: (1) as service-entrance cables; (2) 
in commercial garages; (3) in theaters; (4) in motion-picture studios; 
(5) in storage battery rooms; (6) in hoistways; (7) in any hazardous 
location; (8) embedded in poured cement, concrete, or aggregate, 
except where embedded in plaster as nonheating leads as provided in 
Article 424; (9) where exposed to direct rays of the sun, unless 
approved for the purpose. 

Exception: See Section 501-4(b) Exception. 

Type UF cables suitable for exposure to the direct rays of the sun are 
indicated by tag marking and marking on the surface of the cable with the 
designation "Sunlight Resistant." 

UF has a l l  the advantages of NM cable plus some. I t  can be used i n  wet 

locations, and where exposed t o  sunlight (if designated ''Sunlight Resistant"), 

and does not have the three story height and residential only l imitations.  

The manufacturer's suggested price, however, i s  1.3 times that  of NM. 

Based on conversa.tions v i t k  AMP representatives, the connector made for NM 

that  eliminates the need for a junction box can probably be adapted t o  the 

UF cable. (See Terminal Study i n  Electrical Interface - Study Section.) 

ARTICLE 345 - INTERMEDIATE METAL CONDUIT 

345-1 DEFINITION 

Intermediate metal conduit is a metal raceway of circular cross section 
with integral or associated couplings, connectors and fittings approved for 
the installation of electrical conductors. 

Intermediate metal conduit (:IMC) is a thinner walled rigid metal conduit 
and is satisfactory for use in all locatiorls where rigid metal conduit may 
be used. Also, threaded and unthreaded fittings, couplings, connectors, 
etc., are interchangeable for either IMC or rigid metal 'conduit. 



Galvanized IMC installed in concrete does not require supplementary corrosion 
protection. Wherever ferrous metal conduit runs directly from concrete. 
encasement to soil burial, severe corrosive. effects.are likely to occur on 
the metal in contact with the soil. In the absence of specific local 
experience, soils producing severe corrosive effects are generally character- 
ized by low resistivity, less than 2000 ohm-centimeters. 

345-3 USES PERMITTED 

(a) Use of intermediate metal.conduTt shall be permitted under all atmos- 
pheric conditions and occupancies. Where practicable, dissimilar 
metals in c'ontact anywhere in the system.shal1 be avoided to eliminate 
the possibility of galvanic action. I'ntermediate metal conduit shall 
be permitted as an equipment grounding conductor. 

See Section 250-91. 

Exception: Aluminum fittings and~enclosures.sha.11. be permitted to be used 
with steel intermediate metal conduit. 

(b) Intermediate metal conduit, elbows, couplings, and fittings shall be 
permitted to be installed in concrete, in direct contact with the 
earth, or in areas subject to severe corrosive influences when pro- 
tected by corrosion protection and judged suitable for the condition. 

I See Section 300-6. 

(c) Intermediate metal conduit shall be'permitted to be. installed in or 
under cinder fill where subject to permanent moisture.when protected 
on all sides by a layer of noncinder concrete not less than two inches 
thick; when. the conduit 'is not less than 18 inches under the fill; or 

' when protected by corrosion protection and. judged suitable for the 
condition. 

See Section 300-6. 

ARTICLE 346 - RIGID METAL CONDUIT 

346-1 USE 

The use of rigid metal conduit shall be.permitted under all atmospheric 
conditions and occupancies subject to the following: 

(a) Ferrous raceways and fittings protected from corrosion solely by 
enamel shall b.e permitted 'only indoors and .in occupancies not subject 
to severe influences. 

(b) Where practicable, dissimilar metals in contact,anywhere in the 
system shall be avoided to eliminate.the.possibi1ity of galvanic 
action. 

Exception: Aluminum fittings and enclosures shall be permitted to be 
used with steel rigid metal conduit. . . 



(c) Ferrous br nonferrous metal conduit, elbows, couplings and fittings 
shall be permitted to be installed in concrete, in direct contact with 
the earth', or in areas subject to severe corrosive influences where 
protected by corrosion protection and judged suitable for the condition. 

See section 300-6. 

This section indicates the permitted uses for ferrous and nonferrous conduit, 
including their use in concrete, in direct contact with the earth, and in. 
corrosive areas. The fine print note references Section 300-6 for additional 
information on protection against corrosion and specific types of corrosion- 
resistant materials. 

It is advisable to consult with the authority enforcing this Code for the 
approval of corrosion-resistant materials and/or for requirements,prior to 
the installation o,f nonferrous metal (aluminum) in concrete since chloride 
additives in the concrete mix have caused corrosion. 

ARTICLE 347 - RIGID NONMETALLIC CONDUIT 
347-1 DESCRIPTION 

This article shall apply to .a type of conduit and fittings of suitable 
nonmetallic material that is resistant to moisture and chemical atmospheres. 
,For use aboveground, it shall also be flame-retardant, resistant to impact 
and crushing, resistant to distortion from heat.under. conditions likely to . 

be encountered in service, and resistant to low temperature and sunlight 
effects. For use underground, the material shall be acceptably resistant ,to 
moisture and corrosive agents and shall be of sufficient strength to withstand 
abuse, such as by impact and crushing, in handling and during installation. 
Where intended for direct burial; without encasement in concrete, the 
material shall also be capable of withstanding continued loading that is 
likely to be encountered after installation. 

Materials that have been recognized as having suitable physical characteristics 
when properly formed and treated include fiber, asbestos cement, soapstone, 
rigid polyvinyl chloride and high-density polyethylene for underground use, 
and rigid polyvinyl chloride for use aboveground. 

Unless marked for a higher.temperature, nonmetallic conduit (Schedule 40 
and Schedule 80) in this category is intended for use with wires rated 75'~ 
or less (1) aboveground, (2) for direct burial underground, (3) where 

' encased in concrete within buildings, and (4). where' ambient temperature is 
50°C.or less. When encased in, concrete in trenches outside of buildings it 
is suitable for use with wires rated 90°C or less. 

Conduit installed aboveground is suitable for cables rated over 600 V when 
encased in not less than 2 in. of concrete. 

Direct burial is suitable for cables rated over 600 V when it is buried to 
a depth in accordance with Table 710-3(b). Nonmetallic plastic conduit is 
listed in sizes 1/2 to 6.in. inel. 



Listed PVC conduit.,.is inherently resistant to atmosphere containing common 
industrial corrosive agents and will also Githstand. vapors or mist of 
caustic, pickling acids, plating baths and hydrof luoric and chroemic acids. 

PVC conduit is designed for connection to couplings, fittings and boxes by 
the use of a suitable solvent-type cement. ~nstructions supplied by the 
manufacturer describe 'the method .of. assembly and precautions to. be followed. 

For use of Schedule 80, see Sections 300-SCd), 551-51 Cb] , and. 710-3Cb) (1) ,. 
347-2 USES PERMITTED 

The use of rigid nonmetallic conduit and,. fittings approved for the purp0s.e 
shall be pehitted under the fo'llowing conditions: 

. .  . 
(a) Where the potential is 600 volts or less. 

(1) In walls, floors, and ceilings. 

(2) In locations subject to severe corrosive influences as covered in 
Section 300-6 and where subject to chemicals for.which the materials 
are specifically approved. 

(3) In cinder f.i.l.1. 

(4) In portions of dairies, laundries,' canneries or.other,'wet locations 
and in locations where walls are frequently washed, the entire 
conduit system including boxes and fittings used therewith shall 
be so installed and equipped as to prevent water.from'entering 
the,conduit. All supports, bolts, straps, screws, et., shall.be 
of corrosion-resistant materials or.be protected against corrosion 
by approved corrosion-resis,tnat. materials. 

(5) In dry and damp locations not prohibited by section 347-3. 

(6) For exposed work where not subject t o  physical damage if approved 
for the purpose. 

(b) Where the potential is over 600-volts, rigid nohetallic conduit 'shall 
be encased in not less than .2 inches of concrete. 

(c) For underground installations' see. Section. 300- and 7.1,0-3(b) . 
. . 

347-3 USES NOT PERMITTED 

Rigid nonmetallic conduit shall not be used: 

(a) In hazardous locations, except as covered in Sections 514-8 and 515-5; 
and Class I, Division 2, locati~ns as permitted in the Exception to 
501-4(b). 

(b) For the support.of fixtures or. other'equipment. 



(c) Where subject. to physical damage . . unless approved for 'the puTose: 

(d) Where subject to ambient temperatures exceeding those for which the 
conduit is approved. 

(e) For conductors whose insulation temperature limitations would exceed 
those for which the conduit is approved. 

Nonmetallic conduits are not permitted in ducts', plenums, and other air 
handling spaces. 

In addition, nonmetallic conduits are not to be used where it would aid the 
possible spread of fire or product3 of' conibusti.oh through fire-rated, fire- 
resistant or fire-stopped walls, partitions, ceilings, and floors, hollow 
spaces, vertical shafts, and ventilating or air-handling ducts. See Section 
300-21 for prevention of fire spread. 

ARTICLE 348 - ELECTRICAL METALLIC ~ B I N G  

348-1 USE 

The use of electrical metallic tubing shall be perniitted for .both exposed 
and concealed work. Electrical .'metallic tubing shall not be used: (1) . 
where, during installation or afterward, it will be subject to severe 
physical damage; (2) where protected from corrosion solely by enamel; (3) 

, .. . 
in cinder concrete. or cinder fill where subject to permanent moisture 
unless protected on all sides by a layer of"noncinder concrete at least 2 
inches'thick or unless the tubing is at least 18.inches under the fill.. . 

Where practicable, dissimilar metals in contact anywhere in the system . 

shall be avoided to eliminate the:possibility .of galvanic action. 

Exception: Aluminum fittings and enclosures shall be permitted to be used 
with steel electrical metallic tubing. 

Ferrous or nonferrous electrical metallic tubing, elbows, couplings, and 
fittings shall be permitted to be installed in concrete, in direct contact 
with the earth, or in areas subject to severe corrosive influences when 
protected by corrosion protection and judged suitable .for the condition. 

348-2 OTHER ARTICLES 

Installations of electrical metallic tubing shall comply with the applicable 
provisions of Article 300. 

A. Installation 

348-4 WET LOCATIONS 

All supports, bolts, straps, screws, etc., shall be of corrosive-resistant 
materials or protected against corrosion by corrosion-resistant metals 
approved for the purpose. 



Comentary : , . 

EMT commonZy eaZZed "thin mZZ" i s  usuaZZy used. for indoor. branch circuiting. 

I t  can be used i n  wet locations only i f  specially treated. 

ARTICLE 350 - FLEXIBLE METAL CONDUIT 
350-2 USE' ' 

Flexible'metal conduit shall not be used: (1) in wet locations, unless 
conductors are' of the lead-covered type or of other type approved for the. 
specific conditions; (2) in hoistways,, other than provided 'in Secti.on 620- 
21; (3) in storage-battery rooms; (4) in any hazardous location other than 
permitted in Section 501 -.4 (b) ; (,5) where rubber-covered conductors are 
exposed to oil, gasoline, or other materials having a deteriorating effect 
on rubber; nor (69 underground or embedded. in poured concrete or aggregate. 

Commentary : 

Flexible metal conduit i s  constructed o f  a sp5raZly wound interZocking 

ambr raca~ty  commonZy caZZed ftGreenfieZdff. I t  i s  principalzy used for 

connections where vibrafion i s  a hrobzern or.where obstructions make fl&bZe 

conduit necessary. 
, . I  

ARTICLE 352 - SURFACE RACEWAYS 
A. Metal Surface Raceways 

352-1 USE 

The use of surface raceways shall be permitted in dry locations. They 
shall not be used: (1) where subject to severe physical damage unless 
approved for the purpose; (2) where 300 volts or more between conductors 
unless the metal has a thickness of not less than .040 inch; (3) where 
subject to corrosive vapors; (4) in hoistways; (5) in any hazardous location 
except*Class I, Division 2 locations as permitted in the Exception to 501- 
4 (b) ; nor (6) concealed except as follows: 

Exception No. 1: Metal surface raceways approved for the purpose shall be 
permitted for underplaster extensions. 

Exception No. 2: As permitted in Section 645-2(c) (2). 

B.  onm metallic 'Surface Raceways 

352-21 DESCRIPTION 

Part B of this article.shal1 apply to'a type of nonmetallic surface raceway 
and fittings of suitable nonmetallic material that is resistant to moisture 
and chemical atmospheres. It shall also be f lame-retardant, resistant to 

4-96 



impact and crushing, resistant to distortion from heat under conditions. 
likely. to be 'encountered..in service, . . and resistant to low-temperature 
effects. 

352-22 USE 

The use of nonmetallic surface raceways shall be permitted in dry locations. 
They shall not be used (1) where concealed; (2). where subject to severe 
physical damage unless approved for the purpose; (13) where 300 volts or 
more between conductors; (4) in hoistways;. p). in any hazardous location 
except Class I, Division '2 locations as permitted- in the Exception to 501- 
4(b]; (6) where subject to' ambient temperature exceeding 50°C; nor (7) for 
conductors whose insulation temperature exceeds 7S°C. 

Commentary : 

, Panel frames could be designed t o  act as surface. raceways and thus be. 

sui table protection for insulated conductors. Fluorescent l ight ing fixtures 

typically use the metaZ frame as'a.wireuay.' As an example of the requirements 

for an ;integral raceway, excerpts from UL. Standard 57 for Electric Lighting 

Fixtures fo l lows . 

16. Wireways 

16.1 Material - Except,as noted in paragraph 16.2, an enclosure for wiring 
shall be made entirely of metal, glass, porcelain, phenolic composition 
or similar material, shall be. lined with metal, or shall ,be made of 
materials that comply with the requirements in paragraphs 5A.1 and 
5A. 2. 

5A. 1 .Nonmetallic - A wireway, frame, component support or enclosure 
part of nonmetallic material shall have mechanical strength and 
durability and be so formed that.operating parts will be protected 
against damage, and shall resist the abuses likely to be encoun- 
tered during installation and normal use and service. The enclo- 
sure or enclosure part shall protect persons from shock hazard, 
and the material shall not create or contribute to a hazardous 
condition. 

5A. 2 Among the factors taken into consideration when judging 'the 
suitability of a norimetallic material for the use 'are the (1) 
mechanical strength, (2) resistance to impact, (,3] moisture- 
absorptive properties, (4) combustibility and resistance to 
ignition from electrical sources, (5) size with regard to' flame 
'spread and smoke generation, (6) dielectric withs'tand properties, 

, . 
insulation resistance, and resistance .to arc tracking, and' (7) 
resistance to distortion and creeping at temperatures to which 



the material may be s~bjeeted under conditions of noma1 or ' 

abnormal usage. The material is not to display a loss of these 
properties beyond the minimumacceptable level as a result of 
aging. 

16.2 An enclosure that will completely enclose the wiring as described in 
paragraph 16.1 need not be provided if: 

A. The wiring is armored or.is lead-covered and is usedwith suitable 
fittings, or. 

B. All splices are enclosed in accordance with paragraphs 18.1 and 
18.3, and the wiring will either be visible in 'accordance with 
paragraph 17.14, or concealed.'between the.mounting surface and 
the canopy or mounting pan of a surface-mounted 'fixture that has 
no dimension over 15 inches (see paragraph 4.2). 

Commentary : 

Section 1.8 applies to  splice enclosures. 

18. Splice Enclosures 

18.1 Material - All splices, taps, and exposed terminals shall be 
enclosed in metal, glass, marble, ceramic'material, phenolic 
composition or similar composition or, except. for recessed 
fixtures, shall be made of materials that comply with the require- 
ments in paragraphs 5A.1 and 5A.2. 

.8.3 With reference to the requirement in paragraph 18.1, 1/8 inch 
thick. rigid asbrestos that is held in place may. be employed to 
enclose splices, taps, and exposed terminals in a-canopy-or 
surface-mounted fixture having a maximum dimension of. 15 inches 
or less. See paragraph 4.2. 

17. Wiring 

17.14 Visible Wire or Cord - A fixture wire or flexible cord that is 
visible after the fixture is installed shall follow closely the 
main structure of the fixture and shall be securely held in 
place. Except as noted.in paragraph 17.22, fixture wire may be 
of either the solid or the stranded construction, and if the wire 
is Type AF or CF and visible for more than two inches, it shall . 

be provided with a braid.or fabric tubing. 

Commentary :. 

Paragraph 1 7.22 refers t o  uire and cord . ~ f  movab Ze parts and would not 

apply to  the photovolta~c modute. 

Paragraph 4.2 defines the maximum dimension of a rectanguZar fixture as the 

diagona Z . 



16.3 Surface-hlounted.Fixtures - A surface-mounted fixture having a maximum 
dimension of more than 26 inches shall be provided with a complete 
back cover (see paragraph 11.17). A surface-mounted fixture having a 
maximum dimension (:see paragraph 4.2) of more than 15 inches, but not 
more than 26 inches shall 'be provided with a back cover OT an eqiiivalent 
construction that wiii completely isolate the wiring from the mounting 
surface except within an area the largest dimension of which is not 
more than 15 inches, immediately adj'acent to and concentric with the 
outlet box. 

In a fixture.designed for.surface mounting over an outlet 
box, it is necessary to provide a hole large enough to 
permit access to splices in the outlet box without removing 
the back pan of the.fixture from the wall or ceiling, 
unless the fixture is designed to be easily removable (such 
as a stud-mounted ceiling pan, or a fixture which is not 
more than 26 inches longs. If the access hole is not provided 
at the factory because its correct location cannot be predeter- 
mined, or if only one wire-entrance hole or knockout less 
than 1 1/2 inches in diameter is provided in the mounting 
surface, the fixture is to be marked in accordance with 
paragraph 29.6. 

16.4 The back cover required in paragraph 16.3 may be of sheet metal or of 
rigid noncombustible insulating material. A nonrigid, noncobustible 
insulating material may be used to isolate the wiring in a fixture 
having a maximwn dimension of more than 15 inches but not more than 26 
inches if the insulation is not less than one inch thick (when not 
compressed) and is mechanically secured in place by means which need 
not be disturbed during the installation and wiring of the fixture. A 
suitable adhesive applied to the entire surface of the insulation is 
considered to be a suitable means for securing the insulation in 
place. 

16.5 With reference to the requirement in paragraph 16.3, a full back cover 
may have the opening mentioned in paragraphs 10.6, 10.7, 10.9, 11.9, 
11.18, and 11.19. 

Paragraphs 10.6,' 10.7, 10.9, 11.9, 11.18, 11.29 make allowances . f o r  mounting 

holes . 

16.6 Damage To Wires - A fixture shall be so designed that wires can be 
pulled through, or the fixture otherwise wired, without damaging the 
coverings o'r insulation on the conductors. A wireway shall be free 
from burrs and fins. 

16.7 Screw threads, including those of sheet-metal screws, may be exposed 
in a wiring compartment for a distance of not more than 3/16 inch; 
except that no limit applied to the amount of exposure if the wires 
are held away from or.pos.itioned away from such screws. No limit 
applied to the exposure of threads on fixture mounting screws or nipples. 



16.8 Couplings End-To-End - Knockouts to be used as wireways between end- 
to-end mounted fixtures shall be provided with couplings or a special 
construction to ensure. smooth, ' unobstructed wire-ways between fixtures, 
unless the knockouts are of a standard:trade size'.' 

16.9 Wireway Size End-To-End - A fixture intended for end-to-end mounting 
shall be designed that at least four.l/4 inch diameter wires can be 
run through 'the fixture. ' 

Openings For Conductors - If conductors pass through' an opening 
in a 'sheet-metal wall. that is 0.042 inch or less 'thick, except 
for. the access hole referred to.in paragraphs 11.17 -. 11.19 and 
except as noted in paragraph '11 ;l4, they shall be reliably 'held' 
away from the edges of the opening, or ,shall be protected by a 
bushing, a grommet, or by rolling .the edge of the metal at the 
opening not less than 120 degrees. A bushing,. if used, shall be 
securely held in place; and an insulating bushing shall not be 
less than 3/64 inch thick. The edges of an opening in sheet 
metal thicker than 0.042 inch shall be treated to reduce the 
possibility of abrasion of the insulation by removal of burrs,. 
fins, and sharp edges. 

I 16.11 A rubber bushing is not acceptable. 

39. Fixtures For Wet Loqations 

39.4 Exclusion of Water - A.fixture shall be constructed that water 
cannot accumulate in and will not normally enter a wireway, 
fluorescent-lamp lampholder, or other electrical part of the 
fixture. 

40. Corrosion Protection 
. .  . 

40.1 All sheet steel or other mechanical parts of iron or steel shall- 
be zinc-coated, cadmium-plated, or otherwise.suitably protected 
against corrosion. Structura1:iron or steel parts shall be zinc- 
coated, cadmium-plated, enameled, painted, or provided with 
equivalent protection against corrosion on all surfaces. 

. . 
40.2 Hot-dip galvanizing may serve as the sole corrosion protection of 

sheet steel, but other zinc coatings are, in addition, required 
to be painted on all exterior surfaces. 

46. Wiring 

46.1 Insulation - A conductor shall have rubber insulation and a 
saturated braid, except that a thermoplastic-insulated conductor 
may be used if not subject to vibration or to flexing at low 
temperature. 

: 46.2 splices - A splice shall be made in accordance with the requirements 
in paragraph 19.1 as modified in paragraph 19.2 and, unless a 
suitable insulated' wire connector is used, shall be covered with , 



(. . . .  
, rubber and 'friction tape or thermoplastic tape as 'outlined in 

;.. paragraph. 19.4. Other insulating materials. may be accepted if 
- investigated and found suitabl'e for the particular applic.ation. 

ARTICLE 370 - OUTLET, SWITCH AND JUNCTION BOXES, AND FITTINGS 
370-1 SCOPE 

This article covers the installation and use of boxes.containing outlets, 
receptacles, .switches or devices; .junction or pull boxes and conduit 
bodies as required by Section 300-15.. .Fittings referred to in Section 
300-15 used as outlet, .junction 'or pull boxes shall conform with. the 
provisions of this article depending.on their use. 

~nstallations ... in hazardous locations shall conform to Articles 500 
through 517. , . . . 

For systems over 600 .volts, nominal, see Part D of this article. 
. . 

370-2 ROUND BOXES 

Round boxes shall not be used where conduits or connectors',requiring the 
use of locknuts or bushings are to be connected to the side of the box. 

This rule requires the use of rectangular or octagonal boxes having a 
flat bearing.surface at each knockout for locknuts and bushings to . 
ensure an 'adequate mechanical connection and effective electrical continuity. 

370-3 NONMETALLIC BOXES 

Nonmetallic boxes not over 100 cubic inches shall be permitted only with 
open wiring on insulators, concealed knob-and-tube wiring, nonmetallic- 
sheathed cable, and with rigid nonmetallic conduit. 

Nonmetallic boxes over 100 cubic inchesnanufactured with bonding means 
between all raceway and cable entries shall be permitted to be used with 
metal raceways and metal-sheathed cable. 

370-4 , METAL BOXES 

Where used with knob-and-tube wiring. or nonmetallic-sheathed cable, and 
mounted on or in contact with metal or metal lath ceilings, walls, or 
metallic surfaces, metal boxes shall be grounded. 

Years ago, the use of metal boxes with knob-and-tube wiring or nonmetallic 
sheathed cable (yithout'a grounding wire) was quite common. Good practice 
was to ground the metal box by means of a .separate grounding conductor, 
usually to a cold water pipe. This grounding connection would protect 
against the energization of conductive thermal insulation or metal lathe 
or any metal object's should a "hot" wire accidentally become grounded 
through the, metal box. . 

. , 
. . 



370-5 DAMP OR.WET LOCATIONS. . . 
. ,  . 

. . . ,  . 

In d'amp or Met locations, boxes and fittings shall be so placed or equipped - 

as to prevent moisture from entering or accumulating within the box or 
fitting. Boxes and fittings installed in. wet locations shall be 'approved for 
the purpose. 

. . 

For boxes in floors, see.Section 370-17(b),.' 
. - 

For protection against corrosion, see, .section 300-6. . ' , .  . . .~ 

Article 100 defines ll~eitherp~oo~l as', Itso constructed or protected that 
exposure to the weather will not interfere with success.fu1 operation."., 
Rainproof, raintight, or watertight equipment fulfills the requirements for 
weatherproof, protecting . . against rain, snow, . ice, dust, or temperature 
extremes. . . 

A llweatherheadl'.fitting is considered weatherproof because the openings for 
the conductors are placed in a downward position so that. rain or: snow . ' 

cannot enter the fitting. 

See definition of '"wet and. Damp Locationsll and "Weatherproofv in.Article, 
100. 

Comentary : 

As dete&ned'by t.he terminal study; Appendix 15, the quick connect temninal 

or "fitting" i s  a .more ec&caZ a l t e m t i v e ' t o  the junc6ion box. Quick 

connect designs are .currentZy maitable that meet or, exceed::the "wa~herproof" 

requirement of 370-5. . . 4 those currentZy produoed,. none has been found 

with capacity greater than #14 AWG, but conversation with one manufacturer. 
indicates th&..zapger) q a & t y  connectors g r  temninaZs td~uZdnot be a problem. 

Should the junction box b e  usad, t h e  module makfacturer shouzd be mare o f . .  

other requirements i n  t h i s  articZe. AZZ of those sections'triZZ not be 

inczuded i n  t h i s  -document. Junction box comtmction specifications are 

reprinted however t o  show the quality o f  the box and. accessories required 

i f  the box i s  t o  be used as part o f .  the panel. UL staruiurds 50 and 514 set  

requirements for junction boxes. ' 

C. Construction Specifications 

37'0-20 . METAL OUTLET, SWITCH AND JUNCTION BOXES, AND FITTINGS . 
. . .  . . .  

Metal outlet, 'switch and junction boxes, and fittings shall comply kith (a) 
through (c) below. 



/ 

(a) Corrosion-Resistant. Metal boxes aid fittings shall be corrosion- , 

resistant or shall be well galvanized, enameled, or otherwise properly 
coated inside and out to prevent corrosion. 

See Section 300-6 for limitation in the use of boxes and fittings 
protected from corrosion solely by enamel. 

(b) Thickness of Metal. Sheet steel boxes and fittings not over 100 cubic 
inches .in size shall be made from steel not less than 0.0625 inches 
thick. The wall 'of a malleable iron'box and a diecast or pekmanent- 
mold'cast aluminum, brass or bronze box shall not be less 'than 3/32 
inch thick. Other cast metal boxes shall have a wall thickness not 
less than 118 inch. . 

(c) Metal Boxes Over 100 Cubic Inches. .Metal boxes over 100 cubic inches . 

in size shall comply with the provisions of 373-lO(a) and 373-10(b). 

Exception: It shall be permissible for covers ,to constst of' single flat 
sheets secured to the box proper by screws or. bolts instead of hinges. 
Boxes having covers of this-form shall be'used only for enclosing joints in 
conductors or to facilitate the drawing in of wires and cables. They shall 
not be used to enclose switches, cutouts, or other control devices. . .  . 

Metal covers shall be of a thickness.not less than 'that specified for the 
walls of the box or fitting of the same material and with-which they are 
designed to be used, or shall be lined with firmly att.ached.insulating 
material not less than 1/32 inch in thickness. Covers of porcelain or., 
other approved insulating material shall be permitted if of such form and 
thickness, as to afford, the required protection and strength. 

Covers of outlet boxes and outlet fittings having holes through which flexible 
cord pendants may pass, shall be provided with 'approved bushings or shall 
have smooth, well-rounded surfaces, upon which the cord may bear. Where 
conductors other than flexible cord may pass through a metal cover, a 
separate hole equipped with a bushing of suitable insulating material shall 
be provided for each conductor. 

. . 
370-23 NONMETALLIC BOXES ' 

Provisions for supports or other mounting means for nonmetallic boxes shall 
be outside of the box, or' the box shall' be so constructed'as to prevent 
contact between the conductors in the box and the supporting screws. 

All boxes and conduit bodies, covers.,.extension r'ings, plaster rings, and 
the like shall be durably and legibly marked with 'the' manufacturer1 s name 
or trademark. 



CHAPTER FOUR. - EQUIPMENT FOR GENERAL USE , . . . I 

. . 
Commentary: 

This c w t e r  establishes safety stundurds for specific electz4caZ equipment. 

Correspondence with 2\FEC o f f i c ia l s  has indicated a need for defining code 

requirements for the PV modute as the code does not specificalty cover it. 
Richard Lloyd, Chairman of the. NEC Committee, i n  a l e t t er  to B u r t  H i l l  

Kosar RitteZmann'.Associates, wrote:--, "Because the Code does not .attempt to 

cover the detailed requirements of equipment [the photovoltaic '.module or 

panel1 it may be appropriate tccouer  these i n  a specific. safety standard . .. 

for the equipment i t s e l f .  . He added: -"Perhaps th is  i s  the type of situation 

where a .  Technical Subcommittee could be useful i n  doi,ng some of the pre- 

liminary work of  preparing proposed requirements.. 

I will p h  to have th is  subject matter considered at. the next meeting of 
3 

the Correlating Committee. to be held i n  Februury 1979. " 

r 

Module manufacturers should keep themselves i n f o m d  of a l l  proposed Code 

additions related to  the' residential modules, and shouZd be represented by 

a member i n  'the Technical ~dconunittee reviewing Code additions or revisions. 

Chapter 4 Articles that apply to the module (panel) are: .Flexible Cords 

and Cables, Fixture Wires, App Ziances, and Generators. 

ARTICLE 400 - FLEXIBLE CORDS AND CABLES 
ARTICLE 402 - FIXTURE WIRES 

Commentary: 

"Higher" voltage (100 - 220 vo l t )  PV systems d l 2  produce Zmer currents. 

Some economy can be achieved by using smaZler.wires. Flexible cords and 
cables, and Fixture Wires are approved i n  smaller wire sizes than those 

conductors and cables given in,Chapter Three - Wiring Methods and Materials. 

These Articles. 'are reviewed. to  establish. theer acceptibility . 

400-8 USES NOT PERMITTED (CORDS. AND CABLES) 

Unless specifically permittedin Section 400-7 flexible cords and cables 
shall not be used (,I) as a substitute for the'fixed wiring of a structure; 
(2) where run through holes in.walls, ceilings, or floors; (3) where' run 



through doorways; windows, or similar openings; (4) where attached to 
' 

building surfaces; or. (5) 'where concealed behind building walls, ceilings, 
or floors. 

. <. . . .  

Commentary : 

Conductors c lass i f ied  as flexible cords and cables are not acceptable for 

wiring PV arrays. 

402-10 USES PERMITTED (FIXTURE WIRES) 

Fixture wires' shall be .permitted: (1.) 'for installation in lighting fixtures 
and in similar equipment where enclosed or protected and not subj'ect to 
'bending or twisting in use; or (2) for connecting lighting fixtures to the 
branch-circuit conductors supplying the fixtures. 

Commentary : 

The.RPM operciting temperature and voZtage are similar t o  that  o f  a typical 

Lighting fixture (i. e., two, fou. foot 'lamps. i n  a 2 ' x 4 ' t ro f f  erl and the 

RPM wiring i s  not subject t o  bending or twisting i n  use. The PV module 

appears t o  be similar i n  nature t o  lighting fixtures and should' be approved 

for use with f&ture wires; however, an o f f i c ia l  interpretation must be .: 

sought. 
. . 

Tables of acceptable types of wire and cord for f ixtures are avai'lable i n  

the 1978' NEC, i n  UL Standard #57, and from wiring manufacturers. 

ARTICLE 410 - LIGHTING FIXTURES 

Commentary: 

Review of the Lighting Fixture requirements indicated several s imilari t ies  

betueen PV. panels and lighting f<xtures. Those sections which are similar 

and shed some l ight  on the photovoltaics module are reprinted here with ' 

commentary . 
. . 410-4 FIXTURES IN SPECIFIC LOCATIONS 

(a) Wet and Damp Locations. Fi.xtures installed in wet or damp locations 
shall be approved for the purpose and shall be so constructed or 
installed that water cannot enter or accumulate in wireways, lampholders, 
or other electrical parts. All.fixtures installed in wet locations 
shall be marked, "Suitable for Wet'LocationsM. All fixtures installed 
,.in damp .locations shall be marked, "Suitable for Wet Locationsf1 or 
."Suitable for Damp Locations". 



Installations underground or in concrete slabs or masonry in direct 
contact with the earth, and. locations. subject. to saturation with water 
or other liquids, such as locations exposed to weather and unprotected, 
vehicle washing areas, and like locations, shal.1 be considered to be 
wet locations with respect. to the above requirement. 

Interior locations protected from weather but subject to moderate 
degrees of moisture, such as some basements, some barns, some cold 
storage warehouses and the like, the partially protected locations 
under canopies, marquees, roofed open porches, and the like, shall be 
considered to be damp locations with respect to the above requirement. 

See Article 680 fox lighting fixtures in swimming p.ools, fountains, 
and similar installat'ions.' 

Fixtures marked "Suitable for Wet'Locationsf! are to be used where 
exposed to the weather or where subject to water saturation. Construction, 
design, and installation are to be such as to prevent the entrance of 
rain, snow, ice, and dust. Outdoor parks and parking lots, outdoor 
recreational areas (tennis, golf, baseball, etc.J, car wash areas, and 
building exteriors are areas which would be considered "wet locations". 

Areas protected from the weather and not subject to water saturation, 
but exposed to moisture, such as the underside of store or gasoline 
station canopies, or theater marquees, some cold-storage warehouses, 
some agricultural buildings, some basements, and roofed open porches 
and carports may be considered "damp locations" and fixtures are to be 
marked "Suitable for Damp Locationsf1. 

Fixtures suitable for wet or damp locations are to function under the 
effects of temperature changes, that is, operate efficiently during 
periods of extreme cold or high humidity. See Article 100, Definitions, 
"Location: Damp, Dry, and Wet". 

E. Grounding 

410-17 GENERAL 

Fixtures and lighting equipment shall be grounded as provided in Part E of 
this Article. 

410-18 EXPOSED FIXTURE PARTS 

(a) The exposed conductive, .parts of lighting fixtures and equipment directly 
wired or attached. to outlets appl'ied by a wiring method which provides 
an equipment ground shal.1. be grounded. 

Cb) Fixtures directly wired or attached to outlets supplied by a wiring 
method which does not provide a ready means f~r..~roundin~ shall be 
made of insulating material and shall have no exposed conductive 
parts. 



410-19 EQUIPMENT OVER 150 VOLTS TO GROUND 

(a) Metal fixtures, transformers, and transformer enclosures on circuits 
operating . . at over 150 volts to ground shall be grounded. 

(b) Other exposed metal parts shall be grounded or insulated from ground 
and other conducting surfaces and 'inaccessible to unqualified persons. 

Exception: Lamp tie wires., mounting screws, clips, and decorative bands on 
glass lamps spaced not less than 1' 1/2 inches. from lamp terminals shall not 
be required to be grounded. 

410-21 METHODS OF GROUNDING 

Equipment shall be considered grounded where mechanically connected in a 
permanent and effective manner to metal raceway, the armor of armored 
cable, mineral-insulated metal-sheathed cable, and the continuous sheath of 
Type MC cable, the grounding conductor in nonmetal lic-sheathed cable, or to 
a separate grounding condutor sized in -accordance with Table 250-95, provided 
that the raceway, armor, or grounding conductor is grounded in a manner 
specified in Article 250. 

F. Wiring of Fixtures 

410-22 FIXTURE WIRING - GENERAL . . 

Wiring on or within fixtures shall be neatly arranged and shall not be 
exposed to physical damage. Excess wiring shall be avoided. Conductors 
shall be so arranged that they shall not be subjected to temperatures above 
those for which they are rated. 

410-23 CONDUCTOR SIZE 

Fixture conductors shall not be smaller than No. 18. 

410-24 CONDUCTOR INSULATION 

(a) ~ixtures shall be wired with conductors having insulation suitable for 
the current, voltage, and temperature .to - whi'ch the conductors will be 
subjected. 

(b) Where fixtures are installed in damp, wet, or corrosive locations, 
conductors shall be of a type approved for the purpose. 

410-31 FIXTURES AS RACEWAYS 

Fixtures shall not be used as a raceway for circuit conductors. 

Exception No. 1: Fixtures approved for use as a raceway. 

Fixtures approved for use as raceways are labeled by Underwriters Laboratories 
Inc. as "fixtures suitable for. use as racewaystf. 



- 
Exception No. 2: Fixtures designed' for end-to-end assembly to form a 
continuous raceway or fixtures connected together by recognized wiring 
methods shall be permitted to carry through.conductors df a two-wire or 
multiwire branch circuit supplying the' fixtures. 

Exception No. 3: One additional two-wire branch circuit separately supplying 
one'or more of the connected fixtures described in Exception No. 2 shall be 
permitted to be carried through the fixtures. 

Exception No. 3 permits an additionai 2-wire circuit to be carried through . . 

the fixtures to supply switched night lighting common~y'used to conserve 
energy. . . 

See Article 100 for definition of multiwire branch circuit. 

Branch-circuit conductors within.3 inches of a ballast within the ballast 
compartment shall be recognized for use at temperatures not lower than 90°C 
(194'~), such as Types RHH, THW, THHN, FEP, FEPB, SA; XHHW and AVA. 

410-37 NONMETALLIC FIXTURES 
I 

'In all fixtures not made entirely of metal or noncombustible material, 
wireways shall be lined with metal. 

Exception: Where 'armored or lead-covered conductors with suitable fittings 
are used. 

410-57 RECEPTACLES IN DAMP OR WET LOCATIONS 

(a) Damp Locations. A receptacle installed outdoors in a location protectdd 
from the weather or in other damp locations shall have an enclosure 
for the receptacle that is weatherproof when the receptacle is covered 
(attachment plug cap not inserted and receptacle covers closed.) 

An installation suitable for wet locations~shall also be considered 
suitable for damp locations. 

A receptacle shall be considered to be in a locaton protected from the 
weather where located under roofed open porches, canopies, marquees, 
and the like, and will not be subjected to a beating rain or water 
run-off. 

(b) Wet Locations. A receptacle installed outdoors where exposed to 
weather or in other wet locations shall be in a weatherproof enclosure, 
the integrity of which is not affected when the receptacle is in use 
(attachment plug cap .inserted). 

Exception: An enclosure that is weatherproof only when a self-closing 
receptacie cover is closed shall be permitted to be used for a receptacle 
installed outdoors where the receptacle is not likely to be used with other 
than portable tools or other portable equipment. not usually left connected 
to the outlet indefinitely. 



410- 75 VOLTAGES,' - DWELLING OCCUPANCIES , 

(a) Equipment having an open-circuit 'voltage exceeding 100 volts shall not 
be installed in dwelling occupancies .' 

(b)  Equipment having an open-circuit ybltage exdeeding 300 volts shall not. 
. .  be installed in dwelling occupancies 'unless such equipment is so 

designed that there will be no exposed live parts when lamps are being 
inserted, are in place, or are being . . removed. 

Fixtures intended for use in other than dwelling occupancies are so. 
marked. This usually indicates that the fixture has maintenance 
features that are considered to be beyond the capabilities of the 
ordinary householder or involve voltages in excess of those permitted 
,by this Code for dwelling occupancies. See Sections 210-6(c)(l) and 
(c) (2).  

Commentary : 

Sununarizing the important points: 

I .  Lighting fixtures operating under 150 vol t s  are not required t o  be 

grounded. The reason for the 150 vo l t  level i s  not clear. Code o f f i c i a l s  

have not been questioned. i n  t h i s  regard. 

2. UL protection requirements for conductors (not reprinted i n  t h i s  

document) are similar t o  those given i n  the NEC. 

3. Fixture conductors shall not be smaller than No. 18 AWG. 

4.  Fixtures may be used as raceways i f  approved for the p q o s e .  

5. ~ e f i n i t i o n s  o f  damp and wet location for f ixtures and fixture receptacles 

may reasonab2z.j b e  applied 'to RPM and PV terminals. 

6. A 300 v o l t  m a x i m  has been establishkd for l ighting fixtures.  This 

may not be as c r i t i ca l  for PV since PV systems can be designed t o  be - 
vir tual ly  inaccessible t o  the householder i f  a voltage level greater . . 

than 300 i s  desired. 

ARTICLE 422 - APPLIANCES 
Commentary : 

Since one correspondence with Code o f f i c ia l s  indicated that the RPM may be 

considered an app liance, t h i s  Art icle  was carefu Zly reviewed. I t  uas found 

that  t h i s  ar t ic le  does not contain any information that  can be direct ly  

reZated t o  the PV module. 



ARTICLE 445 - GENERATORS 

Commentary : 
MP. Richard Lloyd, Chairman if the. NEC Co& ttee,  fee 2s that the "photovo Ztuic 

panel i s  a form of electric generator MW covered by ArticZe 445 of the 

Code." This section of the code was reviewed thoroughly. 

445-1 GENERAL ... 

Generators and their associated wiring and equipment shall comply with the 
applicable provisions of Articles 230, 250, 700 and 750. 

Commentary : 

Article 230 deals with Services, Article 250 d t h  Crowding,  ~ r t i c l e  700 

with Dnergency Systems, and Article 750 with ~ t a n d - ~ ~ '  Pooer  Generation 

Systems. Articles 230 and 250 have already been reviewed and Articles 700 

and 750 do not reZate any information that has not already been addressed. 

445-2 LOCATION. 

Generators shall be of a type suitable fbr the locations 'in which they are 
installed. They shall. also meet the requirements for motors in Section 
430-14. Generators installed in hazardous locations as described.in Articles 
500 through 503, or in other locations asdescribed in Articles 510 through 
,517, and in Articles 520, 530, and 665 shall also comply with the applicable . 
provisions of those aritcles. 

Commentary: 

I f  ch s s i f i ed  as a generator, PV modules shaZZ be of a type suieable for 

I the locations i n  which they are im,talled. Some PV applications may be i n  

I hazardous or highly corrosive environments. This would require specially 

I approved &ring methods. . . 

!The integral mount p a e l  wi l l  require cunductors and ter9ninuZs for dry 

I locations. The other mounting types, unless specifically designed to  prevent 

I water from. entering the' f~wne. or rmeways must use conductors and ter9ninu.Z~ 

suitable for wet locations. 

As an expihaation of references made i n  '445-2: ,Art icles 500. - 503 deal 

I with locations "where ' f i r e .  or explosion. hazards may 'e&sttf; Articles. .510 - 
51 7 "cover occupancies or parts. of dccup&ies t h a t  are or may be hazardous 

. . 



because of atmospheric concentrations of fldmable liquids,. gases, or 

vapors, o r ,  because o f  deposits.  or accumulations of materials that  may hc! 

readily ,ignitubZer'; and Article' 520 covers: Theaters and Similar Locations, 

Art ic le  530 covers Motion Picture and Television Stwlios and Similar Locat-ions, 

and Art ic le  '665 covers Induction and Dielectric Heating 'Equipment. 

445-3 MARKING 

Each generator shall be provided with a nameplate givkng the maker's name, 
the rated frequency, power'factor, number of phas'es if of alternating 
current, the rating in kilowatts or kilovolt amperes, the normal volts and 
amperes corresponding ,to the rating, rated revolutions per minute, insulation 
system class and rated ambient temperature or rated temperature rise, and 
time rating. 

Comentary: 

In  addition , t o  that  mentioned, other in fomat ion  for PV may be req.uired. 

  hut information will be determined by the Code Connittee. 

445-4 OVERCURRENT PROTECTION : 

(a) Constant-Voltage Generators. Constant-voltage generators, except 
alternating-current generator exciters, shall be protected from overloads 
by inherent design, circuit breakers, fuses, or other acceptable 
current-limiting means, suitable for the conditions of use. 

(b) Two-Wire Generators. Two-wire, direct-current generators shall be 
permitted to have overcurrent protection in one conductor only if the 
overcurrent device is actuated by the entire current generated other 
than the current in the shunt field. The overcurrent device, shall not 
open the shunt field. 

(c) 65 Volts or Less. Generators operating at 65 volts or less and driven 
by individual motors shall be considered as protected by the overcurrent 
device protecting the motor if these devices will operate when the 
generators are delivering ,not more than 150 percent of their full-load 
rated current. 

(d) Balancer Sets. Two-wire, direct-current generators used in conjuction 
with balancer sets to. obtain.'neutrals for 3-wire systems .shall be 
equipped with overcurrent devices that will disconnect the 3-wire 
system in case of excessive unbalancing of voltages or currents. 

Corrunentq : 

There pppears t o  be no need for overcurrent protection; .Max3mwn solar 

radiation and therefore m&mwn moduZe output can be predicted. 



445-5 AMPACITY OF CONDUCTORS . . 

Commentary : 
Conductors should be abie t o  carry peak output. 'peak output shuZ.2 be .  

. . 
specified. 

. , 

445-6 PROTECTION OF LIVE PARTS , 

Live parts of generators of more than'l50 volts to ground shall not be 
exposed to accidental contact .where. accessible to unqualified persons. 

445-7 GUARDS FOR ATTENDANTS 

Where necessary for the safety of attendants,.the requirements of Section 
430-133 shall apply. 

Commentary : 

The nuture of the RPM makes it accessible to unquu'lified persons, iniluding 

children and householders. Based on the de'tailed discussion following Section 

110-17, wherein 50 V dc is-questioned as a safe level for residential appli- 

cations, revision of t h i s  section.to exclude accessibility of l ive  parts a t  . 

any voltage should be considered. 

445-8 BUSHINGS 

Where wires pass through- an opening in .an enclosure, conduit box, 'or barrier, 
a bushing shall be used to protect the conductors from the edges of an 
opening having sharp edges. The bushing shall have smooth, well-rounded 
surfaces where it may be in contact with the conductors. If used where 
oils, grease, or other.contaminants may be present, ,the bushing shall be. 

. . 
made of a. material not deleteriously affected. 

. , 

Commentary : . 

This section applies directly. 

ARTICLE 545 - MANUFACTURED BUILDING . . .  . $  

. .  . 

Comentary : . . . . . . .  . . 

Chapter Five deals with Special ~ccu$a&ies. . . ' '  

Manufactured building i s  defined as "any building ohich i s  of closed construc- 

t ion and which i s  made or assembled i n  manufacturing faci l i t ies  on or of f  

the bui lding s i t e  for instalZa&on,' or'.assembly and instal  Zation on the 
.. . 



building s i t e ,  other than mobile homes or recreational vehicles. " 

Article 545 allows the  RPM . manufactrncr . the opportun-ity t o  develop a photo- 

vol taic  electr ical  power system Zn which a l l  modules/panels are f ield 

connected-with f i t t i ngs  and connectors that snap together. The system design 

can eliminate junction boxes and other enclosures that  would be required 

of a22 conductor splices. A we22 developed system could minimize both 

labor and material costs making photovoltaics less  cost ly  and, so, more 

economically at tract ive.  

A. General 

545-1 SCOPE 

This article covers requirements for a manufactured building and/or building 
components as.herein defined. 

545,.-2 OTHER ARTICLES 

Wherever the requirements of other articles of this Code and Article 545 
differ, the requirements of Article 545 shall apply. 

545-3 DEFINITIONS 

(a) Manufactured Building: "Manufactured Building" means any building 
which is of closed construction and which is made or assembl.ed in 
.manufacturing facilities on or off the building site for installation, 
or assembly and installation on the building site, other than mobile 
homes or recreational .vehicles. . . . . 

(b) Building Component: lt~uilding Component" means any subsystem, subassembly, 
or other system designed for use in or integral with or as part of a 
structure, which can include structural, electrical, mechanical, 
plumbing and fire protection systems and other systems affecting 
health and safety. 

(c) Building System: "Building Systemtt means plans, specifications and 
documentation for a system of manufactured building or for a type or a 
system of building components, which can include 'structural, electrical, 
mechanical, plumbing, and fire protection systems, and other sysf ems 
affecting health and safety, and including such variations thereof as 
are specifically permitted by regulation, and which variations are 
submitted as part of the building system or amendment thereto. 

(d) Closed Construction; "Closed Constructionft means any building, building 
component, assembly or system manufactured in such a manner 'that all 
concealed parts of processes of manufacture cannot be inspected before 
installation at the building site without disassembly, damage, or 
destruction. 



' 545-4 WIRING METHODS 

(a) All raceway and cable wiring.methods included in this C ~ d e  and such 
other wiring systems specifically intended and approved for use in 
manufactured building shall be permitted with approved fittings and 
with fittings approved for manufactured building. Where wiring devices 
with integral enclosures are used, sufficient 'length of conductor 
shall bi provided to facilitate replacement. 

(b) 1n.closed construction, cables shall be permitted to be secured only 
at cabinets, boxes or fittings where No. 10 AWG or smaller conductors 
are used and protection against physical damage is provided as required 
by Section 300-4. 

Commentary : 

This art icle accepts a l l  wiring methods o f ,  Chupter 3 along with any "wiring 

systems specifically intended and approved for use i n  manufactured bu.tZdingtI. 

Those systems specifically intended and approved for th is  type of  application 

are not given i n  the Article, although several examples of components used 

i n  th i s  type of system are given -in t-he NEC Handbook, such as a "boxless 

switch or boxZess receptacle" and a "nonmetallic-sheathed cable connector" 

I used for interconnecting modular building components. 

Modular building systems are generazly propriebry and require close association 

between manufacturers to  provide a well integrated system. I t  i s  the 

policy of the NEC t o  avoid promoting any proprYietary wiring methods. This 

explains the lack of specific information on approved wiring methods. 

545-5 SERVICE-ENTRANCE CONDUCTORS 

Service-entrance conductors shall meet the requirements of Article 230. 
Provisions shall be made to route the service-entrance conductors from the 
service equipment to the point of attachment of the service. 

545-6 INSTALLATION OF SERVICE-ENTRANCE CONDUCTORS. 

Service-entrance conductors shall be .installed. after erection at the building 
site. 

Exception: Where point of attachment is known prior to manufacture. 

545-7 SERVICE EQUIPMENT LOCATION 

The service equipment shall be located at a readily accessible point nearest 
to the entrance of the conductors eithek inside or outside the building. 



545-8 PROTECTION OF CONDUCTORS AND EQUIPMENT 

Protection shall be provided for exposed conductors and equipment during 
process of manufacturing, packaging, i n  transit, and erection at the building 
site. 

545-9 OUTLET BOXES 

(a) Outlet boxes of dimensions other~than those required in Table 370-6(a) 
shall be permitted to be installed when tested and approved to applicable 
standards. 

(b) Any outlet box not over 100 cubic inches in size, approved for the 
purpose and mounted in closed construction, shall be affixed with 

' 

approved anchors or clamps so as to provide a rigid and secure installation. 

545-10 RECEPTACLE OR SWITCH WITH INTEGRAL ENCLOSURE 

A receptacle with integral enclosure and.mounting means, when tested and 
approved to applicable standards, shall'be,permitted to be installed. 

545-11 BONDING AND GROUNDING 

Prewired panels and/or building components shall provide for the bonding 
and/or grounding'of all exposed metals likely to become energized, in 
accordance with Article 250, Parts E, F and G. 

545-12 GROUNDING ELECTRODE CONDUCTOR 

The grounding electrode conductor shall meet the requirements of Article 
250, Part J. Provisions shall be made to route the grounding.electrode 
conductor from the service equipment to the point of attachment of the 
grounding electrode. 

545-13 COMPONENT INTERCONNECTIONS. 

~ittin~s and connectors which are intended to be concealed at the time of 
on-site assembly, when tested and 'approved to applicable standards shall be 
permitted for on-site interconnection of modules or other building components. 
Such fittings and connectors shall be equal to the wiring method employed 
in insulation, temperature rise, fault-current .withstand and shall be 
capable of enduring the vibration and minor relative motions occurring in 
the components of manufactured building. 

Structural components or modules are.usually constructed in manufacturing 
facilities and then transported over the road to a building site for complet,e 
assembly of, for instance, a dwelling unit, a motel, an office building, 
etc. At the on-site location, approved wiring methods are employed to , 

interconnect two or more modules. Figures '545-2 and 545-3 show a type o f  
nonmetallic-sheathed cable connector permitted for such interconnections. 



Contacts 
(concealed) , 

. . 

Figure 545-2. A type of nonmetallic-sheathed cable connector used, . 
for interconnecting modules in a manufactured building. The parts 
are sho'm before mating together. (Amp Inc.) 

Figure 545-.3. The nonmetallic-sheathed.cable connector showr) in 
Figure 545-2 after being joined together; (Amp Inc.) 

ARTICLE 720 - CIRCUITS AND EQUIPMENT. OPERATING AT. LESS THAN 50 VOLTS ' ' .  

Comentary : 

This ar t i c l e  addresses the fact that ,  Zmer voltage systems ~ Z Z . o p e r a t e  a t  

higher currents under typical loads. Section 720-4 s tates ,  "Conductors 

shaZZ not be smaller than No. 12 copper or equivalent. " PV systems shouZd 

be exempted from t h i s  requirement as nmxirmun panel current o i l 2  not require 

No. 12 copper conductors i n  most cases. 

.ARTICLE 725 - POWER LIMITED CIRCUITS 

Commentary: 

See Commentary foZZowing Section 300-6. 

4-1 16 
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'NATIONAL ELECTRICAL CODE SUMMARY 

GENERAL - .-- TI~ purpose of the CODE is practical safeguarding of persons and property. 
Photovoltaic systems are not mentioned in the present code; although because 
of their nature they could be classified as module building components. 
Future code revisions to include special PV requirements is anticipated. 

SAFETY 
Live parts operating at 50 volts or more shall be guarded against accidental 
contact during' installation'. . This may, however, .be necessary at all voltage 
levels. 

TERMINALS 
Quick connect terminals, although not specifically mentioned in the Code, 
are a recognized method for making electrical connections. Some municipality 
codes do not recognize quick connect splices where installations are consid- 
ered to be permanent. ' 

GROUNDING 
Metal framed panels will require grounding unless special provisions for 
isolating live wires. are made. Metal frames used as conductor raceways 
require grounding. 

WIRING 
Factory installed internal woring of equipment does not come under the 
jurisdiction of the Code, if the equipment has been listed by.an electrical 
testing laboratory. 

All conductors used for general wiring shall not be smaller than #14 copper. 
Wiring used in lighting fixtures and similar equipment shall not be smaller 
than #18 copper. PV panels may possibly be considered to be similar to 
lighting fixtures. 

Conductor operating temperatures for specific mounting types must b.e,determined 
so that conductors can be properly .sized. 

Modular wiring systems, i.e., factor fabricated cable/terminal assemblies 
intended to minimize field labor are recognized by the Code. 
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APPENDIX 5. STANDARDS 

PURPOSE: TO review and descr ibe the gener ic  types of standards and 

standards w r i t i n g  organizat ions.  

CONCLUSIONS: There i s  a wide range o f  s..tandards and organizat ions i n v o l -  

ved k i t h  i tandards  t h a t  w i l l  u l t i m a t e l y  e ' f fec t  any PV mod- 

u l e  manufacturer 's a b i l i t y  t o  penet ra te  the r e s i d e n t i a l  

marketplace w i t h  a p a r t i c u l a r  module design. 

RECOMMENDATIONS: With the m u l t i p l i c i t y  o f  standards which can e f f e c t  e a r l y  

conceptual PV module desl gn f o r  the  r e s i d e n t i a l  market, 

any manufacturer should be aware o f  a t  leas t  t he  major 

documents which w i l l  guide and d i r e c t  h i s  research e f f o r t s .  

The outcome o f  t h i s  research can be e i t h e r  the development 

of a module which conforms ' to  standards, an i ndus t ry  pro-  

gram which changes e x i s t i n g  standards, o r  the w r i t i n g  o f  

new standards which b e t t e r  descr ibe the product 's  r o l e  i n  

the r e s i d e n t i a l  marketplace. For a method o f  standards 

review f o r  r e s i d e n t i a l  modules see Appendix 7, Standards 

Review Method. F0 r .a  p re l im ina ry  l i s t i n g  o f  re levant  do- 

cuments, see Appendix 19, Res ident ia l  Photovo l ta ic  Module 

Performance C r i  t e r i a .  

INTRODUCTION 

Wi th in  the  body o f  a l l  codes, references are made t o  standards and t e s t s  devel-, 

oped by i ndus t ry  t o  evaluate new products o r  technologies f o r  compliance. 

A bui l d i n g  standard, there fore ,  i s  a s 'peci f ic  requirement o r  i n s t r u c t i o n  f o r  

t he  design, manufacture, i n s t a l l a t i o n  and use o f  a b u i l d i n g  component, system, 

o r  ma te r ia l  t h a t  w i l l  prov ide an acceptable l e v e l  o f  performance under in-use 

condi t ions.  A standard e x i s t s  when an agreement has been obta ined on i t s  

'content .  The l e v e l  o f  agreement ranges from a small 'group o f  i n te res ted  

p a r t i e s  t o  na t iona l  o r  i n t e r n a t i o n a l  standards which have been developed 

through the  consensus process. Consensus standards supplement b u i l d i n g  codes 

whether they be model codes, s t a t e  codes, o r  l o c a l  codes; The most w ide ly  



accepted method o f  t h i s  u t i l i z a t i o n  i s  t o  reference standards t n . t h e  appendix 

of the code and 'then t o  spe l l  out the:condi.tions of t h e i r  app lPcabi l i ty  ' in the 

t e x t  o f  the code. As an example of the dependence o f  but ld ing  codes on stan- 
, , .  

dards', the Basic Bui ld ing  Code references' over:400 standards. There are a lso '. 

over 400 organi t a t  tons i n  t h l h  country developtng bui:lding standards which are, 

used i n  over 1,900 di . f ferent l . loca. l ,  s t a te  and nat ional :  . . bu i . l d i ng  codes. ~ h e s e  

organizations inc lude ' t rade assocDstions, engtneering societ ies,  t es t i ng  
. , 

laborator ies,  bu i ld ing  code organtzations, government agencies, and manufac- 

turers.  

TYPES OF STANDARDS 

Four generic types o f  standards.exist  as defined by the American Society f o r  
' I 

Testing and Mater i a1 s (ASTM).. ,,.,They. are a's fol ' lows : 

. Speci f icat ion - " i s  a precise statement o f  a s e t ' o f  requirements t o  

be s a t l s f l e d  b y  a.rna.tbrial,.product, system, a service, ind icat ing,  

whenever appropriate, the. procedure by means o f  which i t  may be 

determi ned whether. the', requi rements, given a r e  s a t l s f  led. As f a r  

as pract icable,  i t. is,. des i table that  the requi rements be expressed 

numerical ly in.,terms o f  appropriate un i t s .  together , w i  t h  the1 r 
. , 

1 i m i  ts" . . , . 

An example o f  a spec i f i ca t ton '  is.ASTM 8135, "Specif icat ion o f  
. . 

Seamless Brass TBOe.'' 
. , 

. . ,  . ~ e s t  Method ~ t a " d a r d  - " c o v e r i  sampl lng and describes the subie- 

quent t es t i ng  procedures. used i n  determini.ng the propert ies,  com- 

p o i i t i o n ,  o r  performancethi't.rnay be specif ied. A tes t  method. ... 
sha l l  not  i nc l ude  numeiical i t m i t s .  f o r  the p roper t ies ,  compositi6", 

o r  performance .'I 

An example o f  t h i s  type of standard i s  ASTM. €119, "Standard 

Me thodo f  F i i&LT&Sts  6 f ~ u i  l d i n g C b n s t . i u c t i 6 n m d M a t e r i a l s . ~ ~   hi< 
standard gtves procedures f o r  evaluat ing s t ructura l .  response during 

. and a f t e r  ' the t i s  t a n d  the passage . .  , of heat, smoke and f i re, but 
. . . .  

, does not. g ive acceptab1.e 1 lmt'ts f o r  each. : These . are . ukual l y  'pro- ' 

. . 

vided i,n the p r o ~ i s l o n s ~  oi t h e  bui  l d i h  code. 



. C l a s s i f i c a t i o n  - "as app l ied  t o  mater ia ls ,  products, systems o r  

serv ices defines systematic arrangement o r  d i v l s  ion i n t o  groups 
. , 

based on s ' im i la r  c h a r a c t e r i s t i h  such as o r i g i n ,  composition, prop- 

e r t  i e s  o r '  use." 
. . % ,  

'' An example of a  . c l a s s i $ i c a t l o n  standard i s .  ASTM C27, "C lass i f i ca -  

t ion  'if F i  r e t l a y  Bnd ~ i g h - ~ l l m i n a  Ref r a c t o i y  Brick." 
, ' i  

. Recommended Prac t i ce  - " i s  a  procedure, guide o r  serv ice  t h a t  may 

o r  may not  be auxiliary t o  a  t e s t  method o r  s p e c i f i c a t i o n .  Exam- 

p les  o f  such inc lude se lec t i on ,  preparat ion,  appl i .cat ion,  inspec- 
. . I . .  

t i o n ,  riecessa& precautions f o r  use of .d isposa l ,  i n s t a l  l a t i o n ,  

maintenance and o p e r a t i i n  o f  t i s t  i,ig apparatus ." 

* .  An example o f  an e x i s t i n g  recommended p r a c t i c e  i s  ASTM 0750-68, 

"Recommended Prac t i ce  f o r  Operating L i g h t  - and Weather - Exposure 

Apparatus (Carbon Arc ~ y p e )  f o r  A r t i f i c i a l  Weather Test ing o f  Rub- 

ber Compounds. " 

Performance Vs. P r e s c r i p t i v e  Standards 

A p r e s c r i p t i v e  s t z l ~ ~ d a r d  Is q u i t e  s p e c i f i c  i n  nature g i v i n g  deta i  1s o f  usage o r  

design procedures f o r  a  bui  ldi,ng ma te r ia l ,  component. o r  system. An example o f  

a  p r e s c r i p t i v e  requirement would be t h a t  t imber w a l l  f ram ing  s h a l l  be 2 by 4 

studs on. 16 inch centers. . ,A performance standard prescr ibes ob jec t i ves  , con- 

d i t i o n s  and c r i t e r i a  t o ' b e  accompli.shed and a l lows broad leeway f o r  t h e .  

designer t o  , . achieve resul ts . .  .The. performance statement f o r  the above condi- 

t i o n  would be tha t .  t he  wal l . ,system s h a l l  be designed t o  spec i f i ed  loading and 

deformation c r i t e r i a .  This type . o f  statement a1 lows the innovat ive designer 

freedom t o  se lec t  the ma te r ia l s  and o ther  s p e c i f i c  const ruc t ion  d e t a i l s .  

. . 
In  some cases, t r u e .  performance. codes (:and standards) are d l f f  i cu l  t t o  admi n i  r -  

t e r  ,. and most codes combi ne performance c r i  t e r i  a  and p r e s c r i p t i v e  requirements. 

As an example, t he  model b u i l d i n g  codes normally conta in general statements o f  

performance ob jec t i ves  fo r  the  var ious elements of the bu i  ldi,ng Pol lowed by a  

desc r ip t i on  o f  acceptali le ways t o  . b u i l d  t h a t  element ,. o r  use a  g iven m a t e r i a l ,  
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.or a reference t o  a na t iona l  standard which i:n i ' tse' l f  i s  a speel f icat i 'on.  This 

provides broad oppor tun i t i es  f o r  the  deqigner wh i l e  s imp l i f y ing  the  design and 
. . 

use o f  conventional .mater ia ls . -  

Most na t i ona l  standards i n .  the Un i ted  States are produced through a "voluntary 

system" made up o f  government .and indu.stry, producers. and .consumers', i ns t  i tu -  

' t i ons  and indiv iduals. ,  .It i s  "voluntary" because p a r t i c i p a t i o n  o f  i n te res ted  

p a r t i e s  i s  on a vo.luntary. bas is  and the standards produced are intended f o r  . 

use w i t h i n  bui l d i n g  regulat ions. .  

The consensus concept has become. q u i t e  important i n  t,he vo lun ta ry  standards 

generat i ng process t o  ensure t h a t  the  standards produced have widespread accep- 

tance and use. ASTM defines a consensus standard as: . "a standard produced by 

a body selected, organized,.and conducted in.accordance w i t h  the procedural 

standards o f  . 'due . process ' .  . I n  standards development p r a c t i c e  a consensus I s  

achieved when subs tan t ia l  ,agreement is. .reached by concerned i n t e r e s t s .  according 

t o  the  judgement o f  a duly'-appointed. review author i  t y  .It The .standards of "due 

process" inc lude an adequate. no t  i c e  o f .  proposed standards undertaking t o  a1 1 

persons l i k e l y  t o  be affected, oppor tun i ty  f o r  wide p a r t i c i p a t i o n  o f  a f fec ted  

i n t e r e s t s  i n  meetings, adequate'ma.intenance and d i s t r i b u t i o n  of meeting records, 

. t imely repor ts  on b a l l o t s ,  a t tenb ion . to  m i n o r i t y .  opin ions,  and o ther  such re-  

qui  rements. 

FEDERAL STANDARDS 

.The increas ing federa l  government involvement i n  the.problems of .housing, urban 

,development and energy a re  having an increas ing impact on b u i l d i n g  standards 

' and codes and" t h e i r  admin is t ra t ion .  The r e s u l t  i s  a se r ies  o f  b u i l d i n g  stan- 

dards, some o f  which are mandatory in .  nature. 

FHA Minimum Property:.Standards (MPS) - Faced w i t h  the necessi ty  

of app ly ing  common. c r i t e r i a  f o r  underwri.tin.g mortgage loan i n -  

surance .on. a. nat ionwide. -._ basis, the  Federal Housing Administra- 

t ion  (FHA) began development of i t s  own set  of mi.nimum standards 

f o r  new res ident  i a1 housing i n  1934. The MPS w.as . pub1 ished Fn 



b1934. The MPS was publ ished i n  1940 f o r  m u l t i f a m i l y  p r o j e c t s  

and i n  1942 f o r  s i ,ng le- fami ly  dwel l  ings. The. MPS appl i es  t o  

housing which 7s constructed under the FHA mortgage loan insur -  

ance program. (See Appendix 6 Federal Standards ~ e v i e w )  . 

The MPS have played on l y  a smal l  r o l e  i n  the development o f  

bui  Idi ,ng code r'equtrements s ince  the.FHA has. never promoted 

them as a s u b s t l t u t e  f o r  l o c a l  bu i l d ing .  codes. However, the  MPS 

have played a major r o l e  i'n shaping the  desi'gn . . o f  r e s i d e n t i a l  

housing s ince b u i l d e r s  n a t u r a l l y  shaped t h e i r  designs t o  meet 

MPS requi rements, even i f  they were no t  intended f o r  i n c l u s i o n  

under the FHA mortgage . . loan insurance. program. The FHA "Use 

o f  Ma te r i a l s  B u l l e t i n s "  which signisfy FHA's approvals o f  new 

mate r ia l s  f o r  housing, have become a major, checkpoint f o r  the  

i n t r o d u c t i o n  of  new mater ia ls .  The Veterans Admini s t r a t  ion  and 

Farmers Home Admis t ra t ion  requ i re  t h a t  homes inc luded under 

t h e i r  mortgage . . insurance program comply w i t h  the FHA. MPS. 

. . Oc.cupationa1 Safety and Health Act - The Federal Occupational 

Safety and Heal th Act o f  1970 author izes the  Secretary o f  Labor 

t o  promulgate na t i ona l  h e a l t h  and sa fe ty  standards app l i cab le  t o  

places o f  employment. The na t i ona l  standard app l ies  t o  the 

cons t ruc t i on  phase o f  a1 1 r e s i d e n t i a l  dwel l  ings. However, 

OSHA1 s major impact i s  on commercial and i n d u s t r i a l  p rope r t i es ,  

and w i  1 1  not  be ad.dressed here. 

. . 

I n  a d d i t i o n  t o  the consensus developed standards which are,used i n  b u i l d i n g  

codes as p rev ious l y  described, there  are  complete b u i l d i n g  standards t y p i f i e d  

by the HUD Minimum Property Standards. For tunate ly ,  these are  almost a l l  

promulga'ted by the  Federal Government (w i th  some except ions i n  a few s t a t e s )  , 
and those dea l ing  w i t h  r e s i d e n t i a l  cons t ruc t i on  are  a manageable number. There 

are, i n  f a c t ,  b u i l d i n g  standards developed which s p e c i f i c a l l y  p e r t a i n  t o  the  

s o l a r  heat ing .and . . c o o l i n g  o f .  b u i l d i n g s  such as "The' Interi 'm Performance 

C r i t e r i a  f o r  the  Solar  Heating and Cool ing of  Commercial Bu i ld ings"  and the. 

"HUD MPS Performance Standards f o r  Res ident ia l  Solar  Heating and Cool ing Sys- 



terns . I h  These two federa l  standard documents -- t h e  format ,o f  one was the  

gu ide l i ne  f o r  the Residenti'al PhotovoltaTc.Module Performance Criteria (J~PMPc) 

as described i n  Appendix 19 -- along w i t h  a l l  o f  .the Standards from .the 

American S o c i e t y . f o r  Test ing and Mate r ia l s  (ASTM), Underwriters. Laborator ies,  

I nc., (UL) , and American Society o f  Mechanical ' ~ , n ~ i n e e r s  (ASME) , were  reviewed 

f o r  a p p l i . c a b i l i t y  t o  the. res i ' den t ia l  photovol . ta ic  modules'. 



APPENDIX 6. FEDERAL, STANDARDS REV l EW 

PURPOSE: Revtew two Federal. Standards, the Housing and Urban Devel- 

opment (HUD) Mi.ni.mum Property Standards. f o r  One and Two . , 

Fami l y  Dwell ings, and the HUD Intermediate ~ i n i m u m  Property 

Standards Supplement f o r  Solar  Heating and Domestic Hot 

Water, Systems., t o  determine' the e f f e c t  o f  these S'tandards 

on the des i gn and i n s t a l  1 a t  ion  o f  the RPM on one and two 

. . f am i l y  dwel l ings i n  any of t he  fou r  mountlng types .de- 

scr ibed i n  Appendix 13, Mounting Conf lgurat ions.  

CONCLUSIONS: Photovol t a i  c modules, panels, and arrays are not  speci f i  - 
c a l  l y  addressed by the  HUD ~ t a n ~ d a r d s ,  however, the  general 

sub jec t .  o f  s o l a r  c o l  l e c t o r s  i s .  The standards found here 

are consistent w i t h  the prov is ions  o f  the model codes 

wtrlch were judged appl i sable t o  ;he RPM; roof  coverings, 

e.g., (Appendix 3).  The cine s , Ign l f i can t  di f ference deals w i t h -  

s t r u c t u r a l  requi rements f o r  an i n t e g r a l  mounted array.  

The ar ray  must be capable o f  support ing a s i n g l e  con- 

centrated load"'. . . i n  the.  most c r i t i c a l  locat ions"  o f ,  250 
2 pounds d i s t r i b u t e d  over a 4 i n  area. 

RECOMMENDATIONS: As the e1, ig ib i  1 i t y  o f  a residence f o r  HUD f inanc ing i s  

determined by .  i t s  adherence t o  HUD standards, the  RPM 

should be des,i gned cons is tent  wi t h  these st'andards. The 

most c r i t i c a l  requirement o f  t he  Standards, and one s i g n i -  
. . 

f i c a n t l y  d i f f e r e n t  from any i n  the  model codes, i s  t h a t  

which deals w i t h  access t o  the ar ray  f o r  se rv i c ing .  I n  

order  t o  .avoid severe p o i n t  loading requirements, the  RPM 

should be designed t o  provide f o r  t h i s  access.. Th is  

could r e s u l t  i n  the establ ishment o f  a maximum module 

and/or un in ter rupted ar ray  .s i  zes. 

STANDARDS REV l EW 

The "l n te r im  Minimum Property Standards Supplement f o r  Solar  Heat i;ng .and Domes- 

t i c  Hot Water Systems" i s  a supplement t o  and i.s t o  be used i n  conjunct ion w i t h  



MPS 4900.1 "HUD Minimum Proper ty  standaids f o r  One and THO fami 1 y h e 1  1 ings.ll 

A dwell ing cqmplyi,ng with . thekektendafds i s  considered techntcal l y  '. adequate . 

under the programs o f  - the ~epar tment  of Hous?ng and U r b ~ n  .DeyelQpment. . Though 

Residential ~ h o t o v o l t a i c  Modules are not  dea l  t . w l t h .  ~ p ~ c l f . l s a l . 1 . y  I n .  the Solar . . 

Supplement, ce r ta in '  areas o f  c o o n a l . l t y  between the RW . and ' .. the so la r  thermal 

co l lec to rs  can serve as v a l i d  g u l d e l l n e s f o r  eval.uating the RPMIS po ten t i a l  . . 

compl iance w i t h  ex i s t i ng  standards., 
, . 

These standards are not  intended t o  serve as bui l d ing  codes (paragraph 302-1.1). 

However, where loca l  code, regu le t ion o r  requirement permits lower standards, 

the HUD Standards must be observed and are t o  have precedence i f  the property 

i s  t o  be considered e l i g i b l e  by HUD. A c o n f l i c t  between an appl icable code 

and the HUD standards may a lso resulf  . i n  a property being dqclared i n e l i g i b l e  

"...unless the i n ten t  set  forth.. .I' i n  the Standards "...is f u l l y  a t ta ined by 

the a1 t e  rnate means proposed. . .". 

Section 101 Var ia t ion  t o  Standards specFf ica l ly  states, however, i n  pdragraph 

S-101-1 tha t  "These standards are intended t o  encourage the use of new o r  

innovat ive designs, technologies, methods o r  mater ia ls  i n  so la r  appl icat ions."  

The provis ions are tha t  any va r ia t ions  from the standards ". . .demonstrate, , 

however, equivalent q u a l i t y  t o  the standards i n  operating effect iveness, 

s t r uc tu ra l  soundness, d u r a b i l i t y ,  economy o f  maintenance o r  operation, and 

u s a b i l i t y .  Var iat ions sha l l  be made i n  accordance w i t h  Section 101-4 of  the 

MPS," and Section 101-1 o f  the MPS. 

S~me sections o f  the standards approximate .,or para1 l e l  requi rements o f  the 

na t i ona l l y  recognized model codes.. For example, the Supplement i n  Section 

S-405-12, .Roof Coverings, requi res tha t  the " l ns ta l  l a t i o n  o f  so la r  co l  l ec to rs  

o r  system components on o r  .as an, -,tntegral pa r t  of the roof shal.1 not  reduce . 

the f i r e  retardant charac te r i s t i cs  .o f  the roof  cover4,ng.. .'I This statement 

i s  consistent w i t h  and i n  'compliance w t t h . t h e  requirements for  roof coverings 

as s ta ted .in the model code.s, avoiding. confl.icts. wfr l le .a1 lowing f l e x i b i l i t y  

i n  the choice o f  mater ia ls.  The requtrements are fu r the r  enumerated i n  Table 

4-5.1 o f  the .supplement. 

Another sect ion o f  the standard which.may be appl ied di.rect1.y. t o  th.e RPM i s  
. . 
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SeCtion S-51502.2,. Cover P la tes ,a r id  Appendix B-1 ~ r o p e r t i e s ' o f ~ ~ ~ l c a l  cover 

P la te  Mater ia ls .  The maximum areas permitted f o i  t h e v a r i o u s  types 'o f  g laz ing  

: .mater ia l% used in -  cover p l a t e s  T;  s t i p u l a t e d  I n  ?i.gure . . 50.8.1, under i htde range 

. o f  wind pressure condl t ions . .  Th is  treatment o f  the  c w e r  matkk ia l  I s  ,s.?nii l 'ar 
. . 

t o  t h a t  o f  ' the  model codes I n  the f r treatment o f  t he  requi rement . for  veneers 

(Kppendix 3). ' I n  view o f  t he  p l a s t ~ = ' l ' f m i t a t j o n s . . f o u n d i . n  the mod&l c & d e s u r -  

veys here, however , -p las t ic  mater fa ls .  a re  not  dea l t  w i th .  

Excluded from compliance w i t h  these requirements are g laz ing  of two types which 

are def ined i n  S-515-2.2.1.2b, and S-515-2.2.1.2~. "Glazing ma te r ia l s  w i t h  

slopes less than 45' which extend below 6'-0" (.from ground l e v e l )  s h a l l  be 

sa fe ty  glazed o r  otherwise pro tec ted agalnst  impact of fa1 1 i ng  bodies." Th is  

'requirement i s  f u r t h k r  expla ined as apply ing t o  arrays against  which a passerby 

may f a l l  o r  upon which a c h i l d  may cl imb. The o the r  spec ia l  type of i n s t a l -  

l a t i o n  considered i s  g laz ing  panels which are an i n t e g r a l  p a r t  of a roo f  o r  

p a r t  o f  a rack-mounted system on a roof .  Th is  second type appears t o  be more 

l i k e l y  f o r  the RPM. I n s t a l l a t i o n  o f  a module i~ a l o c a t i o n  suscept ib le  t o  con- 

t a c t  by c h i l d r e n  o r  passersby i s  no t  advisable. 

I n  the case o f  g laz ing  mater ia ls .  f o r  modules. which a re .  rack-mounted o r  

i n t e g r a l l y  mounted on roofs,  the-General .  S t ruc tu ra l  Requirements of Sect ion 

S-601 apply. These deal w i t h  dead .and l i v e  loads, wind, snow, and seismic loads 

as w e l l  as h a i l  loads. The .HUD' standards., then, t r e a t  the i n t e g r a l l y  mounted 
. . 

module as a roof panel, and make s i rn f la r  ,demands on i ' ts s t r u c t u r a l  i n t e g r i t y .  

These requirements, however,.are enlarged t o  inc lude h a i l  loading, an aspect 

normally ignored i n  roo f  panel..design. I n  f a c t ,  h a i l  loading i s  ignored i n  

Sect ion 601, General Structura.1' Requirements o f  the MPS. 

The sec t ion  on Design L i ve  Loads (.S-601-3) i s  o f  specia l  i n t e r e s t .  "Resistance 

t o  design 1 i ve roo f  . loads prescr ibed i n  Table 6-1.2 of MPS 4-900.1.. . s h a l l  no t  

be requ i red  f o r  c o l l e c t o r ~ p a n e l s  t h a t  are mounted on roofs. bu t  do no t  form an 

i n t e g r a l  p a r t  o f  the  roo f  i f  adequate access I s  provtded f o r  serv tce  and mainte- 

nance. personnel .I1 This modi.'f i c a t l o n .  of t he  requi rements s ta ted  t n  Sect ion 

S-515-2.2.1.2~ i s  both sensib le and .su,ggesti.ve of .a means f o r  avotding the more 
. . 

s t r i n g e n t  s t r u c t u r a l  requiremen.ts. of. the previous sect ion..  Fur ther ,  Sectton 

S-601-3.2 requi res  t h a t  systems which must. support mafntenance personnel are ' 



. ' 

t o  be capable of r e s i s t i n g  ". . .a s.?ngle concentrated load .o f  250 pounds d l s t r i -  
. . 

buted Over a 4 i n  area, a c t i n g o n  the  i n s t a l l e d  component,:.In t h e m i s t  . .  - cr f t i -  

ca 1 l o c a t  ions." Th is  should be adequate i'nducement f o r  des.?.gntng . the  WPM I n  . . . .  . . . 
a way t o  make i t  exempt from these s t r u c t u r a l .  requireme.nts. 

The requirements f o r  wtnd, snow, ha71 and se ism ic  l o a d h i  o i r o o f  "bunted co l -  

l e c t o r s  i s  genera l ly  unaffected by whether the  c o l l e c t o r  t . ~ .  i n t e g r a l l y  mounted, 

rack, o r  s tandof f  mounted. The except lon . fs  t h a t  standoff . o r  rack mounted 

c o l l e c t o r s  ". . . s h a l l  r e s i s t  any up l , iT t  load caused by the  impl,ngeme'nt of wlnd 

on the  underside o f  the  c o l l e c t o r , ~ : T h l s  wfnd load t s  t n . a d d i t f o n  t o  the  equ1- 

va lent  roof area wind pressure and suctFon.loads, and s h a l l  be determlned by 

u t i l i z i n g  accepted engineeri',ng,procedures whlch.may. Incl.ude wind tunnel 
. . 

d .  

t e s t  I ng .I1 

. , 

F ina l  l y ,  a ra the r  general requf rement, nevertheless . .  . .wo r th  consider ing,  vs s t a t e d  

i n  Sect ion S-600-6. Safety and Hea l th  Requl rements. Tho,ugh the bu lk .  of t h i s  

sect ' ion deals w i t h  components oP..sol.ar thermal co l  lectors.,  the  opening i ta tement  

could serve as a- guide1 i n e  ,fer the ,RPM. , Th ls  paragraph s ta tes .  t h a t  the  Fncor- 

po ra t i on  o f  a s o l a r  system i n t o  a , l  tvi.ng u n i t  must. no t  c reate  a more hazardous 

environment than a conventional.. l i v f n g  unFt, and t h a t  I t  must "...not Increase 

f i  r e  hazard o r  i n t e r f e r e  w i t h  the means , o f  safe egress' ~n the event o f  a fi re." 

The f o l l o w i n g  pages are a l i s t i n g , , o f  referenced sect ions f o r  a l l  of the  HUD 

Minimum Property Standard documents. 
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APPEND l X 7. STANDARDS REV I EW 

PURPOSE: identify a process by whlch existing standards could be 

cataloged for  review i n  reference t o  the res tdent ia l  photo- 

v o l t i i c  modu.l.e, .panel, and array. Review the i d e n t i f i e d  

methods content and present the relevant ones i n  some f o r -  

mat useful t o  the res iden t ia l  module designer. 

CONCLUSIONS: Standards and' Test Methods do e x i s t  which may be appl led t o  

the ex is t ing ,  yet immature, res iden t ia l  photovol ta ic module 

. ' technical  character is t ics  out  l'i'ned i'n t h i s  sect ion (func- 

t ion, safety,  mechanical, etc.)  These standards are gen- 

e r a l  i n  nature - usual ly  developed i n  reference t o  other 

technical appl icat ions - and could be very restrictive t o  

the developing PV technology, which may be p a r a l l e l  i n  

character but very diverse 0n actual appl ica t ion.  

RECOMMENDATIONS: D l f f i c u l t y  ar ises i n  the development o f  Standards which 

w i  11 d l  res t  a developing technology, such as res i dent i a1 

. . photovol t a i c  modules, w i  thout undue rest ' r i  c t  ions. The use 

o f  in-place federal and consenses standards could place 

severe technical and 'possibly economic res t r i c t i ons  on the 

new modules. Therefore, i t  i s  imperative tha t  the pro- 

spective photovol ta ic module manufacturer work w i t h  stan- 

dards development groups t o  generate re  levant i ndus t r y  

standards . 
INTRODUCTION 

The f i r s t  step requi red , t o  i den t i f y  a1 1 the bui l d ing  standards a f fec t ing the 

res iden t ia l  photovol t a i  c module (RPM) was t o  develop a c l ass i f i ca t i on  system 

fo r  a1 1 ,potent ia l  module mounting configurat ions. These mounting configurat ions 

were 'then detai  led i n  a preliminary- fashion t o  a1 low considerat ion of  the 

modu,e t o  bu i ld ing  and module t o  rack connection with. regard t o  codes. and stan- 

.dards. ~ h e s e  four mounting types o r  bu i l d i ng  module in tegra t ion  types, are 

shown i n  Figure 7 - 1 .  Deta i ls  fo r  thesO mounti'ng types have a lso been developed 

f o r  use i n  cost est imat ing and are described fur ther '  i n  8ppendi:x 13, Moanti'ng 

Configuration. 
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The basic,  mounting types were developed on the '  assumpf ion. tha t  rack and.-stand- 
. . 

o f f  mounted modu:les need not  form-a.water t ight  memb.rane and tha t  d i r ec t  and 

in tegra l  mounted' .types. would be requi red ' t o  form a w,atert . . l-ght niembrane fo r  the 

bui l d i  ng structure.  Of equal tmportance, the rack and d7 rect  mounted sys tems 

can be used t o  support' modules not  capable 'of .wi:thstand ing normal roof loads 

whi l e  the modules used i n  .standoff and in tegra l  mountings mu'st have the struc- 

t u r a l  capab i l i t y  t o  take such design loads; The fo l lowing 1s a de ta i led  de- 

s c r i p t i o n  o f  each o f  the mounting types., 

1. Rack Mounting. By using. a. rack mounted ~ h o t w o l  t a l c .  array, the designer 

has .some f l e x i  b i  1 i t y  i n  the locat  ion o f  tha t  array. The rack mounted 

array can be located on the;.ground away f p n  the residence or,on the roof  

of the residence. This mounting type might  al,so a1 low. , fo r  . .  the change of 

t i l t  angle from s i t e  t o  s i t e  and from season.to season. This technique 

a lso al lows f o r  s t r uc tu ra l  independence o f  the module. .That  i s ,  the 

module can be designed f o r  the minimum amount' o f  struc.tura1 r i g i d i t y ,  i.e., 

resistance t o  dead loading and wind u p l i f t ,  and in , tegr i ty ,  . . 'thus reducing . . 

the cost  o f  the module itself:.Because o f  easy accessibi l i . ty ,  maintenance 

and i n s t a l  l a t i o n  o f  the module and i t s  e l e c t r i c a l  connections can be made 

qu ick ly 'and w i t h  r e l a t i v e  ease, thus a1 lowing for  redu,ction in. both in -  

s t a l  1at ion.costs  and maintenance costs. 
. . 

There are, however, some serious drawbacks t o  rack mounting .of PV arrays. 

St ruc tura l  costs f o r  the supports increase as t h e  height o f  the array 

increases. This w i  11 cause the.maximum rea1, ist ic  s lan t  height  of the . 
rack mounted arrays t o . b e  on the order o f  16 ft. Rack mounted modules a t  

grade leve l  are a lso susceptible, t o  damage and could create a sa fe ty  

hazard. Ground mounted arrays may pose land a v a i l a b i l i t y  problems, as 
. . 

we1 1 as loca l  zoning ordinance problems. It may b e  necessary, therefor;, 

t o  i n s t a l  1 fences around ground mounted arrays resu l t i ng  i n  addi t iona 1 cost 

t o  t h e  'system. ' Whi l e  ground mounted arrais pdse special ' problems, roo f top  
. , . . 

i n s t a l  l a t  ions o f  rack.mounted modules. a lso haye. thei'r own inherent prcb- 

lems. Upon close inspect ion of the appl i c a t  tons where roof mounted rack- 
' ,  

type arrays can be used; f i v e  con f igu ra t~ons  can be i den t i f i ed  as seen i n  
. . 

Figure 7-2. Examining . .  the5e;f ive detai ' ls morec lose ly ,  i t  becomes apparent 
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tha t  the l a s t  deta i  1 for  the f l:8t: roof rack-mounted array becomes the only 
' 2  

reasonable choice .for . a  I ,000. ft, rack mounted array. .Th.i:s choice i s  

apparent fo r  several reasons: Pi'rst, because of the. hei9h.t 

i . e. the rack does not exceed '16'. feet, space becomes a I ?m?.tat ion fo r  

res i  dent i  a1 roof top app'l~icat.tons. Secondly, added mater ia l  costs asso- 

c ia ted  w i t h  other detai' ls f o r  roof.rack-mounted arrays. wi.11.. d r i ve  the 
. . 

i n s t a l l a t i o n  costs to .va lues i n  .excess of those.costs fo r  other type 

mounting systems. Th i rd ly ,  aesthetSc acceptabi:lFty i ' s  important i n  r es i -  

den t ia l  appl icat ions.  .These rack.mounted roof top.arrays g ive a tacked-on 

appearance and are grossly out of proport ion wi.th. respect t o  resi 'dential  

design. Further ' A - f  rame type :detai 1 s w i  11 impose extreme1.y large potnt  

loads on the roof framing .system. Thi s would requi re  sizeable increases 

i n  roof ing members and a severe cost penalty. 

2. Standoff Mount. Elements that  separate modules from the roof 'surface o f  

wa l l  are known as standoffs. '. B ~ :  supporting the module away. from the roof  

surface, a i  r and water.. can. pass f r ee l y  under the module minimizing prob- 

lems, o f  mildew and roof  1eaka.ge. This w i l l  a i d  i n  cool ing the photo- 

. vo l ta i c  module, thus improving module ef f ic iency.  I n  .the.event o f  a re t ro -  

f i t  app l ica t ion,  t i l t  angle can.be optimized w i t h  the use o f  standoffs, 

thus e l im ina t ing  dependence.on roof p i tch.  

Standoff modules w i l l  require s im i l a r  resistance t o  dead loading and wind 

u p l i f t  loading as d i d  rack mounted'modules, however, the s t r uc tu ra l  and 

land requirements may not  be as s t r ingent .  By u t i l i z i n g  a frame which has 

s t ruc tu ra l  integri ty,.module i n t e g r i t y  can be minimized an.d module rnanu- 

factur ing costs w i  1 1  ' then be .reduced.. Modules w i t h  combustible mater ia l  

o r  mater ia ls tha t  w i l l  cont r ibute  fuel t o  combustion i n  the event of a 

f i re, could be o f  concern.,. They may be in terpreted as contiguous areas of 

p l a s t i c  i n  which case close.. review of the codes sect ion on roof coverings 

must take place (see ~ ~ ~ e n d i x . ' 3  - Model and. C i t y  Code Review). 

3. D i  rec t  Mount. Ins ta l  l a t i o n  of d i  rec t  mounted modules 1s accompl i s h i d  by 

. anchoring the modules t o  the roof.. The use of  th. i  s m0un.t ing techn Sque 

e l  iminates the need f o r  a d d i t i v e  s t i u c t u r a l  supports. ThO modules w i  11 

be placed on the waterproof membrane wh.tch i s  .a1 ready on top .of  the roof 



sheathing. There w i l l  be need ;Po? module t o  module and qrray pertmeter 

waterproofing and, therefore, .the ar ray wi.11 act .  as a waterproof membrane. 

There w i  1 1  a lso.  be a miriimal c r e d l t  fo r  replacement of s.ome .roof i.ng 

mater ia ls.  . . .  

Because o f  the d i  rec t  mount sybtem's intrmate contact wi t h  the roof, three 

major problems w i l l  ex i s t .  PTrst, coo l ing of t h i s  type module w i l l  be a 

problem, f o r  only the top mr$ace w i l l  be cooled by convection. This w i l l ,  

o f  course, decrease the module e f f ic iency.  Second, electrical connections 

must be o f  a very unique type because the back su r fwe  of the modules w i l l  

no t  be exposed f o r  interconnecting purposes. Because of t h i s ,  new and 

innovat ive techniques need t o  be developed f o r  the e l e c t r i c a l  connection 

o f  d i r e c t  mounted modules. . Third,  .maintenance w i  1 1  be a problem f o r  the 

rep1 acement o f  modules w i  1 1 be .more d i  f f  i cu l  t .as interconnects and at tach- 

ments w i l l  be d i f f i c u l t  to...access. With the modules mounted d i r e c t l y  t o  

the roof  surface, module t f l t  i s , . therefore ,  dependent on roof  p i t c h  and 

requires the roof  t o  be designed accordingly. Array area i s  r es t r i c t ed  
\ 

t o  the overa l l  area of the south-faci.ng slope o f  the roof. This w i  1 1  

present problems i n  appl i c a t f o n . ~  where- roof  area i s  very 1 i m i  ted. 

This mounting type a.1 lows f o r  .a .broad va r i e t y  o f  module design possi b i  l- 

i t i e s .  The d i r e c t  mounted module may be as t yp ica l .  as a standard f l a t  

p l a t e  module o r  as spec i f i c .  as.. a sh.ingle type module. Though these two 

examples are extreme cases, .both are indeed examples of d i r ec t  mounted 

photovol t a i c  devices. The - innovative designer w i  11 ,  therefore, be able 

t o  a r r i v e  a t  many unique solu.t lons t o  the design problem of  res iden t ia l  

photovo l ta ic  modules.for d i r e c t  mount appl icat ions.  

4. In tegra l  Mounts. In tegra l  mounting places the module w i t h i n  the roof 

construct ion i t s e l f .  Modu-les..are attached t o  and supported by the roof  

s t r uc tu ra l  framing members .and serve as the f in ished roof s.urface. Due 

t o  the s t ruc tu ra l  support given by the roof  sheathing, removal of that  

roof  sheathi,ng w i  1 1 requi re  add.tt tonal. s t  ruct.ura1 support be given t o  the 

roof  framing system. Watert Fghtness. i:s c r i t i c a l  t o  avofd. problems of 

water damage and m i  1 dew. .Elect rica.1 connect ions and.malntenance, i'f 

required, can be made from the'  a t . t l c .a rea  of the resi'dence. p r w i d e d  the 



modules are no t  attached above a cathedral ce t l t ng .  A cathedral  c e t l i n q  

i s  an area o f  the  roof where.a. ftnish.ed c e t l i n g  7s app l ied  t o  the  bottom 

of the s l op ing  roo f  r a f t e r s . .  I n  ei ' thef case, thi'.s.mount !nq techn ique 

al lows f o r  vent ing  o f  tllr back si..de o f  the  module, As wFth the d i r e c t  

mounted modules, the  i n t e g r a l  mounted rnodule!s t i l t  angle i s  determined 

by roof  p i t c h ,  and again requires the roof be designed .accordingly. 

Likewise, module area i ' s  r e s t r t c t e d  t o  the  roo f .  area.. Modul'es t o  be used 
. . 

i n t e g r a l  l y  must be constructed. t o  the  standard b.ui ldi'ng tolerances. 

Because the ar ray  now becomes,the roof  s t ruc tu re ,  modules must be designed 

t o  w i ths tand a l l  l i v e  1oads. that  are spec i f i ed  f o r  r e s i d e n t i a l  appl ica-  

t i on .  Uneven heat ing  o f  the ar ray  may occur I n  the event t h a t  improper 

vent ing  occurs i n  the  a t t i c  space: ,. A -so f . f i t  t o  r idge vent system t s  

recommended (See Figure 7-31: Th t s  heat ing  problem requi res addi t iona l  

study i n  order  t o  determf ne the s e v e r i t y .  and, probable so lu t i ons  t o  the  

problem. Further  desc r ip t i on  .and cost  eva luat ions .  of these four bas ic  

mounting types i s  avai lab.le i n  Appendix 13 - Mounting conf igurat ions.  

R E V I E W  METHOD 

With the  module mounting types def ined, a two-dimensional m a t r i x  can be deve- 

loped using bas ic  module c h a r a c t e r i s t i c s  o r  c r i t e r i a  developed by e i t h e r  the 

Solar Energy Research Ins t i tu te . ( :SERI)  f o r  t h e i r  pho tovo l ta i c  standards deve- 

lopment p r o j e c t  o r  by the  Nat ional  Bureau o f  Standards/Energy Research and 

Development Agency '(NBs/ERDA) f o r  the l n t e r i m  Performance Cr i te r i . a  f o r  Solar  

Heating and Cool i ng i n  Cummerc,i a l ,  Bui ld ings.  The Standard. l nves t i ga t  ion Ma t r i x  

shown i n  Figure 7-4 shows whlch cha rac te r i s t i cs .were  chosen. This m a t r i x  a l -  

lowed f o r  complete review of- a l l  t.he Standards l i s t e d .  i n  Appendix 9.  Appl i -  

cable documents were then .incorporated, by reference, i n t o  the Res iden t , i a l  

Photovol t a i  c  Module Performance C r , l  t e r i a .  [RPMPC).. 

I n  a d d i t i o n  t o  the  standards revtew a c t l v l t t e s ,  i t  was a l so  necessary to :  

A. I d e n t i f y  those standards-wri ' t ing a c t i ' v i t i e s  . that are i n  progress a t  

the present t ime t h a t  pe r ta tn  . t o  res iden t ia l . pho two1 taFc  modules. 

B. ' Deve 1 op des i gn requ i rements I n  those ..are.as where app 1 l.cab l e  bu i 1 d- 

ing  codes and standards do.not  e x i s t .  
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C. ~ e c o d e n d  methods. by which t h e  above design requirements may be 

implemented as a standard i f  . t he  need for such a. standard e x i s t s .  
. > 

TO' accompl i sh these sub tasks,. t t was necessary t o  Pecogntze arid understarid 
' 

the  e x i s t i n g  organ iza t ions  t h a t  are."current ly  engaged . . i n  ' the. development .and 

implementation o f  s o l a r  standards. . 
I 

I n  ~ & u a r ~  1976, based on recommendat tons .of  t he  Nat ional  Bureau .o f  Standards, 

the American Nat ional  Standards l n s t  t t u t d  (ANSI)  estab l tshed a Steeping Com- 

m i  t tee on Solar  Energy Standards Development see Figure 7-5. 

The a c t i v i t i e s  of t h i s . & n m i t t e e ,  a t  the t lme if the w r l t i n g  of the propo id l  

f o r  t h i s  cont rac t ,  d l d  no t  i n c l u d e . ~ p h o t w o l  t a i c  processes. . On beha l f  o f  t h i s  

cont rac t ,  Bur t  H i l l  Kosar Rit telmann proposed, a t  an ANSI s o l d r  s t e e r i n g  com- 

m i t t e e  meeting,. t h a t  'photovo l ta lc  -power systems be inc luded as .an area o f  con- 

cern. As a r e s u l t  o f  t h i s ,  request.  an ,ad-hoc committee was formed t o  study how 

PV power systems could be in teg ra ted  i n t o  the  general c o m i  t t ee .  The r e s u l t  o f  

t h i s  committee's repor t ,  represented . i n  F igure 7-5, has.been adopted by the  

o v e r a l l  s tee r ing  committee. . .  . .  . 

I t was agreed by the  Ad Hoc Commi'ttee t h a t  t h l s  ? s . t h e  on ly  k i n d  o f  s t r u c t u r e  

t h a t  makes sense; t h a t  i s ,  i t wi 1 1  accommodate needs f o r  bo th  S o l a r  Heating 

and Ai r Condi t ioning o f  BUS l d i n g s  .(,$HACOB) and f o r  PV w i thou t  d i  1 IJtiIIg the 

e f f o r t s  and energies o f  the  member. organizat  ions. Two reservat ions have been 

expressed, however : 

1)Subcommittees should.be establ.i'shed. f o r  add i t i ona l  technologies as the  

need a r i ses  and i s  .appropriate., 

2)ANSI has t o  a c t .  i n  concert w i t h  i t s  member organizat ions;  t h a t  i s ,  expan- 

s i on  of scope should be i n  response t o  needs expressed by member organi-  
. . z a t i o m .  

I The mechanics o f  t h i s  coordinat  ton o'r. adopt ion of e f f o r t  are,. however, mc lea r .  

I I t  w i  1.1 be necessary t o  e f fec t  coordlnat  ion between DOE ,:sER~' and ANSI. This 

I i s ,  of course, .beyond the  i n t e n t  0.f. t h i s  contract .  However, th.e r o l e  .of: t he  
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federal, government should s t i l l  be t o  st imulate the w r i t i n g  of standards by the 

voluntary sector. . . 

I n  answer t o  the three tasks mentioned ea r l  i e r  as add i t fon t o  the standards 

survey a c t i v i t y ,  the cur rent  standards w r i t i n g  a c t i v i t y  i n  progress has been 

i d e n t i f i e d  by inves t iga t ing  both the t yp i ca l  consensus pr'ocess through ANSl  

and by determining what e f f o r t  Ss cu r ren t l y  underway by the federal gwernment. 

SER l  I s  work a t  Go1 den, Colorado entS t l e d ' h  Plan for  Development of Prel  iminary 

Performance C r i t e r i a  and Test Standards for  Photovol ta ic Systems"was reviewed, 

but because o f  evolv ing nature of t h i s  p ro jec t ,  no review was Included i n  t h i s  

report .  However, i t i s  recommended tha t  contractors contact the contract  

o f f i c e r  a t  S E R l  t o  be placed on a current  ma i l i ng  l i s t .  The p ro jec t  I s  funded 

by DOE as Contract N& EG-'77. C. 01 ,4042. 

O p ~ r  f i n a l  charge was t o  recommend methods by which the preceding work may be 

implemented. I t  i s  our b e l i e f  t ha t  the e f f o r t  of the federal government should 

ass is t  the t r a d i t i o n a l  consensus standards agencies, ANSl being the organizing 

body i n  the preparation o f  standards performance c r i t e r i a ,  rather than w r i t i n g  

standards o f  t h e i r  own. Government standards tend t o  be p resc r ip t i ve  ra ther  

than performance oriented. Prescribing the boundaries of a technology such as 

PV before i t  has matured =an be a problem. Guidelines o r  performance c r i t e r i a  

along w i t h  referenced standards give. designers the chance t o  develop creat ive . " 

so lu t ions t o  code concerns ra ther  than .freezing the deve1opmen.t of a technology 

by making perceived needs o r  requi.rements hard and f a s t  rules, To. t h i s  end, 

we prepared the +MPC.  his document could serve as the 'pre l iminary  o u t l i n e  

f o r  ANSl s use i n d i  r ec t  ing standa.rds. development (,see Appendix 19). 



APPENDIX 8. MANUALS OF ACCEPTED PRACT!CE (.MAP) 

PURPOSE: To def ine,  descr'?te, yive i l l u s t r a t i o n s ,  and l i s t  appro- 

p r i a t e  contents f o r  manuals of accepted p r a c t i c e  f o r  RPM's. 

CONCLUSIONS: To requi.re o r  desi r e  the  product ion o f  an i ndus t ry  accepted 

MAP i s  , premature a t  t h i s  t ime but  i t  i s  no t  unreasonable 

f o r  each manufacturer t o  prepare an i n s t a l  l a t i o n  and opera- 

t i o n  manual s p e c i f t c  t o  t h e i r  own product.  

* . .  

RECOMMENDATIONS: Through an agency such as Solar  Energy Indust ry  Associat ion 

(SEIA) - Pho.tovo1taic D iv i s ion ,  manufacturers could begin 

t o  o u t l i n e  and w r i t e  a prototype manual o f  accepted prac- 

t i c e  t h a t  could serve ,as a "seed" document f o r  f u t u r e  

reference and- construct ion.  

Manuals o f  accepted b r a c t i c e  are used i n  i ndus t ry  as an i n t e r p r e t a t i o n  o f  codes 

and standards t h a t  a l lows the  i n s t a l l e r  t o  r e a l i z e  the i n t e n t  o r  purpose f o r  

speci f i c desi gn deci's i ons represented on the  system drawings. They. a l s o  a1 low 

a designer fam i l i ' a r  w i t h  the bas ic  concepts t o  design a system t h a t  w i l l  
. , 

work b r o p e r l y  and w i  11 comply w i t h  indust ry  standards. The manual o f  accepted 

p r a c t i c e  should never be construed a s a  code o r  as a b ind ing lega l  requirement. 

'1  t on ly  represents'  the acceptable state-of- the:-ar t .  I t may be referenced i n  a 

designer 's  s p e c i f i c a t i o n ,  however, thus becoming a p r o j e c t  speci f i -c  requi rement. 

The reason why MAP'S should never be incorporated i n t o  the body o f  a code i s  

tha t ,  they are always i n  a st'ate o f  f l u x ,  being constant ly  updated t o  incorpor-  

ate changes i n  i n d u s t r i a l  technology. Some examples o f  these documents which 

have been developed f o r  use i n  the s o l a r  heat ing and coo l ing  indust ry  are 

1 i s t e d  below: 

Solar Heating Systems Manuals; T ra in ing  and Educational Department, F lu ids  
Hand1 i ng D iv i s ion ,  l n te rna t  Tonal Tele'phone and Telegraph Corporat ion, 8200 
North Aust in  Avenue, Morton Grove, 1 1 1   noi is 60053. 

Solar  Energy Systems; Copper, Brass, Bronze Design Handbook, Copper Devel- 
opment Associat ion,  Inc.,  405 Lexington Avenue, New York, New York 10017. 



. Heating and A i r  Condi t ioning Systems I n s t a l l a t i o n  Standards f o r  One and 
Two ~ a m i  ly Dwell ings and Mu1 ti fami l y  HousFng Includ5ng Solar;  Sheet Metal 
and A i  r ~ o n d i  t ion'ing Contractors Nat ional  ~ s s o c i . a t  ion, .  lnc, ,' 8224 Old 
Courthouse Road, iysons Corner, VSenna, V i . rg tn ia  22'180. 

Each o f  these documents was developed by e i t h e r  a company - ITT i n  the  f i r s t  

example - o r  by i ndus t ry  t rade asgociat ions,  as i n  t h e , l a s t  two..  The contents 

o f  each document vary f roni simple Cal cu l  a t  i on  procedures t o  a recommended 

i n s t a l  l a t  ion procedure. There i s  n o . * r e s t r i c t  ion  o r  precedence on the contents 

o f  these.documents; they can be as narrow and s p e c i f i c  o r  as broad and general 

as desi red. 

To date there i s  no manual o f  accepted p r a c t i c e  developed by o r  f o r  t he  photo- 

v o l t a i c  indust ry .  I t  i s  a t  , t h i s  t ime perhaps premature t o  be concerned over 

t h i s  k i n d  o f  industry-wide document. There are t o  date many.ways t o  b u i l d ,  

i n s t a l l  and operate PV arrays that. .would ensure compliance w i t h  a l l  e x i s t i n g  

r e s i d e n t i a l  codes and standards. : I n  f a c t ,  because o f  t h i s  d i v e r s i t y  i t  would 

be best  f o r  each PV power system manufacturer, us ing the  RPMPC (See Appendix 

1 3 )  as a guide, t o  develop t h e i r  own i n s t a l l a t i o n  and operat ion manuals. 

As a minimum, these manuals should Inc lude:  

Load Ca 1 cu 1 a t  i on Procedure 

. Equipment Design and S iz ing  

. Equipment Select ion and S p e c i f i c a t i o n  

. Equipment I n s t a l l a t i o n  

Controls 

. Wir ing 

. Storage 

. Star t -up Procedures 

I Maintenance Procedures 

As the  indust ry  matures perhaps one technique f o r  design and i n s t a l l a t i o n  o f  

Resident ia l  PV Modules w i l l  surface.. Th is  may be due t o  a v a r i e t y  of fac tors  

such as cost ,  code compliance; sa fe ty ,  m a i n t a i n a b i l i t y ,  e t c .  I t  would, there-  

fore, be inappropriate a t  t h i s ,  t'i.me t o  .develop a MAP t o  r e f l e c t  Industry-wide 

accepted prac t ices .  



APPENDIX 9. CODES AND REFERENCED STANDARDS SUMMARY . 

PURPOSE: Referenced codes and standards are i d e n t i f t e d  and.add- 

resses o f  the appropr iate agencie; f o r  ob ta in ing  these 

documents are g i ven . 
. . 

RECOMMENDATIONS: Manufacturers Fnvol.ved Pn the design.and manufacturing o f  

, pho tovo l ta i c  mod.u.les should ob ta in  these documents i n  

order t o  assure compliance w i t h  e x i s t i n g  s tandard . tes t  

methods'for the  eva luat ion  o f  t h e i r  product.  

LIST OF ADDRESSES OF CODES AND STANDARDS AGENCIES 

Ameri can Nat iona l  Standards' l n s t  l t u t e  
' 1430 Broadway 

New ' ~ o r k ,  New York 1001 8 , . 

American Society f o r  Test ing and Mate r ia l s  
1916 Race S t ree t '  
Phi ladelphia,  Pennsylvania 19103 

Bu i l d ing  O f f i c i a l s  and Code Administ rators In te rna t iona l ,  Inc. 
17926 South Halsted St reet  
Homewood, I l l i n o i s  60430 

ETL Testing' Laborator ies,  Inc. 
I n d u s t r i a l  Park 
Cortland, New York 13405 

Factory.  Mutual Research 
1151 Boston-Providence Turnpike 
Norwood, Massachusetts 02062 

In te rna t iona l  conference o f  Bu i l d ing  Of f i ' c ta ls  
5360 South Workman M i l l  Road 
W h i t t i e r ,  C a l i f o r n i a  90901 

Nat ional  E l e c t r i c  Code 
Nat ional  F i r e  P ro tec t i on  AssociatFon 
470 A t l a n t i c  Avenue 
Boston, Massachusetts 

Nat ional  F i r e  Pro tec t ion  Associ'ation 
470 A t l a n t i c  Avenue 
Boston, Massachusetts 02210. 



Southern Bui l d i n g  Code Congress In te rna t iona l  
3617 Eighth ~ve'nue South . . I . .  

Bi rmiigham, Alabama 35222 

Underwri t e r s  Laborator ies 
333 Pf ings ten Road 
Chi cago, I 1  1 i no i  s 60062 

.'(.. . . . . . . . :  

UNDERWRITERS LABORATORY . . , , .  

No. 
UL 1 
UL 6 
UL 33 
UL 50 
UL 94 
UL 96 
UL 231 
UL 263 
UL 310 
UL 360 
UL 467 
UL 486 
UL 514 
UL 651 
UL 719 
UL 723 

T i t l e  
F l e x i b l e  Metal Conduit .. 

. . 

R ig id  Metal Conduit 
Fus ib le  L inks  
Cabinets and Boxes, 
Tests f o r  Flamrnabi 1 i t y  of Plast'i 'c' Mater ia ls .  
L igh tn ing  P ro tec t i on  Components ' ' , 

Power ou t le t s .  . . 

F i r e  Tests o f  B u i l d i n g  ~ o n s t r u c ' t i o "  and Mate r ia l s  
Quick Connect. ~ermin 'a.1~.  
L iqu id-T ight  F l e x i b l e  Steel Conduit. 
~ r o u n d i  n'g and Bonding, Equipment 
W i  r e  connector .and.'.soldering Lu.gs . . 

Ou t le t  Boxes and F i t t i n g s  . . .  
R ig id  Nonmetal 1 i c  ~ o n d u i  t 
Nonmetal l ic - Sheathed Cable 
Tests f o r  Surface. Burning .Charac ter is t i cs  of 

Bui l d i n g  Ma te r ia l s .  
Tests f o r    ire Res is tanceo f  Roof Covering, 

, 

Mater ia ls  . : '  

Service Entrance. Cables 
Busways and Associated F l t t i n g s  
W i  nd Res i s tanck o f ,  Prepared 'Roof cover . i . "'6 

Mater ia ls  
. . Terminal Blocks 

Cost 
$.3 : 00 
3.00 
3.00 
3.00 
3.00' 
3'. 00 
3-50. 
3.00 
3.00 
3.00 
3.00 
3.. 00 
3.50 
3.00 
3-50 

These costs are f o r  standards only.  For update services, "$3.00 standards1' cost 
$8.00; and '.'$3.'50 standa:rdsIi cost.  $9.00; . . .  

. .  , 

NATIONAL FIRE PROTECT.ION ASSOCIATION 

NFPA 78-1975 L igh tn ing  ~ r o t ~ c t i d n  cod& $3.75 

NFPA 251-1972 Standard Methods .of  F i re .  Tests of. Bui l d i n g  $3.00 
Construct ion and Mate r ia l s '  

NFPA 255-1972 Method o f  Test o f  Surface  urni in^' Character- $3.DO 
i s t i c s  o f  Bui ld.ing Mater ia ls  

NFPA 256- 1976 Standard ~ e t h o d s  o f  F-i r e  Tests o f  Roof $3.00 
Coverings ' . . 

NFPA 258-1976 , *  Stand,ard Test ~ e t h o d . f o r  ~ e a i u r i n ~  . . .  t he  Smoke $3,00 , 
. . 

Generated by Sol i d  ~ a ' t e r ~ a l s  
. . ,  



, . 
AMERICAN NATIONAC'STANDARDS'INSTITUTE,'[NC. . . 

No. TDtle Cost 

ANSI eA.58.1-1972/Bui l d ing  Code Requirements f o r  .Minimum Loads i n  $7.50 
Bui ldi'ngs and Other Structures 

ANS l Z97.1- 1975/Safety Performance spec? f i cat  ions and Methods o f  4.00 
Test f o r s a f e t y  O.l.azF,ng Mater ia l  Used i n  Bui ld ings ' 

AMERICAN SOCIETY OF TESTING.AND:MATERIALS 

No: T i t l e  Cost 

B 117-73 Standard Method o f  Sa l t  Spray (Fog) Testing $1 75* 
B 287-74 Standard Method o f  Acet ic Acid - Sal t  Spray (Fog) 

Testing 
B 368-78 Standard Method f o r  Copper-Accelerated Acet ic Acid- 

Sa l t  Spray (Fog) Testing (Cass ~ e s t )  

C 297-61 Standard Method o f  Tensfon Test o f  F l a t  Sandwich 
Constructions..Tn F1.atw.tse Plane 

C 355-64 Standard Methods o f  Test f o r  Water Vapor Transmission 
o f  Thick Mater ia ls 

C 393-62 Standard Method o f  Flexure Test o f  F l a t  Sandwiih 
Constructions . 

~ l a r n m a b i l i t ~  o f  P las t ics '  0.127 cm (0.050 m) and 
under i n  Thickness 

Flaminability o f  R ig id  P las t i cs  over 0.127 ch (0.050 in.)  
i n  Thickness 

Standard Test Method for  m ens i 1.e Propert i.es ' o f  P l  as t i cs 
Recommended Practice . fo r  Operating L igh t  - and 

Weather - Exposure ~ ~ ~ a r a t u , s ' .  (ca'rbon-~rc Type) f o r  . 

A r t i f i c i a l  Weather Testing o f  Rubber Compounds 
Standard Method o f  Drop Test ' fo r  shipping Containers 
Standard Test Method. f o r  Flexural Propert ies o f  

P las t i cs  and E lec t r i ca l  Insulat ing.Materia1s 
Standard Recommended Pract ice fo r  Ope'rating L igh t  - 

and Water - Exposure Apparatus (ca rbon-~rc  ~ y p e )  
f o r  Testing. Paint,  Varnish, Lacquer and Related 
Products. 

StandardTestMethod . fo rTens i leProper t ieso fAdhes ive  a 

Bonds' 
Standard Recommended .Pract ice for  Conducting Ex te r io r  . 

Exposure, Tests. - of. Paints on Wood 
Standard Method of .  Conducting Ex te r io r  Exposure Tests 

o f  Pai'nt on Steel 
~es i s tance  o f  Transparent.  last ics  ' t o  .Surface Abrasion 

. . standard Test. Method 
Standard.Test.Method f o r  Rubber Deter iora t ion - Surface 

Ozone Cracking i n  A. Chamber ( ~ l a t  specimen). 
Flammabi 1 i t y  o f  F lex ib le  Th in .P las t i c  Sheeting 
Standard Recommended Pract ice for  Outdoor ~e ' a the r i ng  

o f  P las t i c s  

, * I I , I  ! 4 I , ,  I I I 
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Recommended Pract Ice for  Atmospher.1~ ~ x p o ~ u r e  'o f  $ 1 . 7 5 ~  
Adtiestye. Bonded J0tnt.s and Structures . . 

. , .. , . I g n i t i o n  Proper t ies  of Plas, t ics 
Standard Method for  Jest  i.ng .coated Metal .Specimens 

o f  100% Relat ive. Humtdity 
standard Method o f  Pred ic t ing the E f fec t  o f  Weathering 

on Face Glazing and - ~ e ' d d i , n ~  Compounds on Metal 
. * 

Sash. 
Standard Recommended - ~ r a c t i . c e '  f o r  Xenon. Ar,c;Type (Water 

Coded L igh t  - and Water-Exposure ~ ~ ~ a i ' g t u s  
f o r ~ x ~ o s u r e ~ ~ ~ o f ~ ~ ~ l a s t i c s  . 

Methods o f .Tes t ing  Polymeric F i lm Used f o r  E l e c t r i c a l  
Insu la t ion 

. . 
Measuring the Density o f  Smoke from the Burning o r  .. . 

Decomposition. o f  P las t i cs  . 
Standard Test Method f o r  Wind Resistance o f  Asphalt Shingles 

. . 

Standard . . Methods o f  Conducti ng Strength Tests o f  ~ a n e j s  
f o r  Bu i ld ing ~ o n s t r u c t i o n  

Standard ~e thod '  of Test . fo r  Surface Burning Character; s t  i c s  
, o f  Bui l d ing  Mater ia ls 

standard Methods o f  Test f o r  Water vapor Transmission o f  
Materials i n  Sheet Form 

Standard Methods o f  F i  re  Tests. o f  Roof Coverings 
standard ~ e t l i o d s  o f  F i  re Tests o f  Bui l d i ng  :Cons.truct ion, . ., 1. 

and Mater ia ls 
Standard Method o f  Test f o r  Non.combustibil i ty of.Elementary . -  

Mater ia ls 
Standard Methods of  Test f o r  Solar Energy Transmittance . 

and Reflectance ( t e r r e s t r i a l )  of.'Sheet Mater ia ls. .  . 

Standard Methods.of Test f o r . F l u i d  Resistance o f  Gasket ' " 

Mater ia ls 
. 3  

Standard Pract ice  f o r  Atmospheric Envi ronmental Exposure 
Testing o f  Nonmetall ic Mater ia ls  

Standard Recommended .Pract ice f o r  Determining Resistance 
o f  Synthetic Po.lymeric Mater ia ls to,  ~ u n g i  

Standard Recommended .Practice. f o r  Operating' L ight  - and 
.Water - Exposure Apparatus (.Carbon Arc ~ y p e )  f o r  
Exposure of  Nonrneta.11 i c Mater i a 1 s 

Standard Recommended Pract ice  f o r  Conducting Natural 
L igh t  Exposures Under Glass 

standard Recommended Pract ice.  f o r  Operating Light-Exposure 
Apparatus (xenon-~rc T Y P ~ )  w i t h  and ~i thout Water 
for.Exposure of Nonmetal 1 i c  Mater ia ls.  

Method o f  Test f o r  Algal  Resis.tance o f  P l a s t i c  Films 

FEDERAL SPECIFICATION ( ~ e n e r a l .  Services ~ d m i n i s t r a t i o n )  

DD-G-451G.Flat Glass for  Glazing, Mi r rors  and other uses 

DD-G-451~ - references i n  HUD/MPS 4900.1 p.5.8.6 
$1 .oo 



.MI L I TARY STANDARD 

. . 

. ~ e t h o d  501 .I ~ i b h  Temperature . , . Method 502.1 Low Temperature . ' Method 508.1 Fungus , . . , . ~e thod 509.1' ~ a ' l  t Fog 
, . 

.. . . Method* 507.1 ~ u m t d - i ' t ~  . . ~ethod.,506.1 Rain . . . ~ e t h o d  '516.2 Shock 

NATIONAL BUREAU 0F.SIANDARDS 
. . 

NBS-23 Hai 1 Resistance o f  Roofing ~ r o d u c t s  Out o f  P r i n t  
, . .  . - 

NBS-Special Publ ica t ion 473 - W3-003-017-15-2 , . 

~ e s e i y c h  and Innovation i n  the Bui ld ing ~ e b u l a t o r ~  process $ 6.00 

Session 2B,, Issues i n  ~ u i  l d ing  Regulation 
"Decision-Aiding ~ommunfcations. i n  the Regulatory Agency: 
The .Part i,san, Uses o f  Technical lnformat'ion"   ran cis T. Vent r e  

UNIFORM BUILDING CODE 
. . 

Un i form Bu i l>d i ng .Code 
In ternat iona l  Conferences o f .  Bui l d i  ng O f f  l c i a l s  ' $10.00 

. . 
southern ~ u i l d i n ~  Code' 
Southern .Bui l d i  ng Circle Congress l n te rna t i  onal $10.00 

National E l e c t r i c  Code 
National Fi.re Protect ion Associati.on 

. . 

BOCA 
Bui ld ing O f f i c i a l s .  and' Code AdmPni'strators In te rna t iona l  

. . 



APPENDIX 10. PUBLIC SAFETY TESTING LABORATORIES 

PURPOSE: To review. the need f o r  pub1 i c  sa fe ty  t e s t i n g  labora tory  

approvals and t o  present one procedure ( 'represented by 

Underwri t e r ' s  Laborator ies (uL)) f o r  product t e s t i n g .  

CONCLUSIONS.: Approval of a .manufactured product o r  device, by a n a t i o n a l  

t e s t i n g  labora tory  -- UL f o r  example -- assures e.very 

member of the r e s i d e n t i a l  b u i l d i n g  community -- designers, 

lenders, insurers ,  code o f f i c i a l s ,  and owners -- t h a t  the  

product complies w i t h  a l l  i ndus t r y  accepted standards. I t  

i s  essen t i a l ,  if, PV modules are used i n  r e s i d e n t i a l  appl i- 

c a t i o n  i t  i s  v i r t u a l l y  mandatory t h a t  the p-roduct show 

i n i t i a l  and cont inued compliance w i t h  consensus i ndus t r y  

standards. The d i sp lay  o f  a seal (such as a UL sea l )  assures 

th.iis compl i ance ana.most o f t e n  acceptance' :by code inspectors.  

RECOMMENDATIONS: I t  i s  recommended t h a t  na t i ona l  t e s t i n g  l abo ra to r i es  be 

used t o  .determine the r e s i d e n t i a l  PV module's compliance 

w i t h  app l i cab le  i ndus t r y  standards (see Appendix 19). 

A labora tory ,  such as UL, should be contacted f o r . p r o t o -  

type,module design t e s t i n g .  

INTRODUCTION 

As manufacturers begin designing Res ident ia l  Pho tovo l ta i c  Modules, they .may 

begin re ferenc ing  the Res ident ia l  Pho tovo l ta i c  Module ~e r fb rmance  C r i t e r i a  

(RPMPC) (see Appendix 19) and i n  t u r n  us ing Standards and Tests referenced 

the re in  t o  d i r e c t  t h e i r  research toward acceptable so lu t i ons .  At some p o i n t ,  

a completed design o r  p ro to type design must be tes ted  f o r  compliance w i t h  

e x i s t i n g  standards and bui  l d i  ng codes. Thi s ~ r o c e d u r e '  has been documented by 

the i n c l u s i o n  o f  sect ions o f  Underwri t e r s  Laboratory (,uL) document, Tes t ing  

f o r  Pub l i c  Safety, in  t h i s  appendix. This  g ives a complete o u t l i n e  o f  a , - 
t y p i c a l  process f o r  t e s t i n g  and app.roval t h a t  each product bound f o r  the  

b u i l d i n g  i ndus t r y  must complete. Al.so,i'ncluded i s -  a general d e s c r i p t i o n  o f  

UL.. This  in fo rmat ion  has been rep'roduced w i t h  permission from Underw.rtters 

Laborator ies.  UL i s  by no .means. the  on l y  0,rganizat ion qua1 ? f i e d  t o  do t e s t i n g  

and c e r t i f y i n g  f o r  products t o  be used i'n. the bu i  ldi'ng indus t ry .  Other 



organ iza t ions  such as Factory ~ u t u e l '  and ETL . Tes t i ng  . ~ q b o r a t o r i e s '  have s imi  l a r  

serv ices avai l a b l e  and .a re  not  k c l u d e d  by  preference but  . f o r .  bfey l ty .  CSee 

addresses and phone numbers below)'. 

UNDERWRITERS'LABORATORIES. IMC. 

Th i s organ i zat  i on ,::.founded f n. 1894.; rs c h a ~ t e + & d  .as a non-for-pro.f$.~ o.rgan- 

i z a t i o n  under the  l aws .o f  the  Sta te  o f  Delaware t o  es tab l i sh ,  main ta in  and 

operate labora tor ies  f o r ,  t he  inves t  t ga t i on  of matertals. ,  devices , products, 

equi pment , const ruc t  ions, methods and systems. w t.th respect t o  hazards a f f e c t  i ng 

l i f e  and pr.operty. However;,'%JL s h a l l  no t  be responsible t o  anyone f o r  the use 

,of o r  re l i ance  upon a UL Standard.by anyone, UL s h a l l  no t  i ncu r  any ob l i ga -  

t i o n  o r  l i a b i l i t y  f o r  damages, Oncludi,ng consequential damages., a r fs ' ing  ou t  o f  

o r  connect ion w i t h  the use, . i n t e r p r e t a t  i on  of,  .or re1 lance upon. a .UL Standard." 

A Not-For-Prof i t . Organrzation . 

The C e r t i  f i c a t e  o f  lncorpora t lon  s ta tes :  

"The Corporat ion s h a l l .  have no capf.ta1 stock, i t s  a c t i v i t i e s  ' f o r  the 

fur therance o f  i t s  objects,.and purposes s h a l l  be f o r  serv ice  and no t  f o r  p r o f i  t. 

No d i s t r i b u t i o n  o f  any o f  l t s . p r o p e r t y ,  assets o r  income, ' o r  of any p o r t i o n  o f  

them, however o r  wherever acqul red, s h a l l  ever  be made t o  o r  among any o f  i t s  

members, e i t h e r  by way o f  dividends o r  d i s t r i ' bu t i ons ,  i n  l i q u i d a t i o n  o r  o ther -  

wise, bu t  a l l  o f  i t s  p roper ty  s h a l l  be considered. and deemed t o  have been, and 

hereby i s ,  dedicated t o  the accompli.shment o r  fur therance of i t s  ob jec ts  and 

purposes. I n  the event o f  a d i s s o l u t i o n . o f  the  corporat ion,  i t s . p r o p e r t y  and 

assets s h a l l  be t rans fe r red  in .  t r u s t : f o r  the furtherance o f  the  ob jec ts  o f  i t s  

incorpora t ion  i n  such a manner and. under. such condi t ions and t o  such persons, 

f i rms, associat ions o r  corporat ions as. i t s .  membership, by m a j o r i t y  designat ion ,. 

may appoint." 

. . 
1 Factory Mutual Research,. 1.151 Boston- 
Providence Turnpike, Norwood, Massachusetts 
Te 1 . (6 1 7) 762-4300 
2 ETL Test ing Laboratories.; . tnc. ,. I n d u s t r i a l  Park, 
Cort land, New. ~ o r k  33045 
Te 1 . (607) 753-671 1' 



Ohject i yes 

As s ta ted  i n  the  t e r t i f  i cate of tnco.rporat ion, th.e ob jec t  i yes  are: 

"By s c i e n t i f i c  i nves t i ga t i on ,  study, experiments, and t e s t s  t o  determine 

the r e l a t i o n  of var ious mater ta ls ,  devices, products, equipment, construct ions,  

methods and systems t o  hazards appurtenant the re to  o r  t o  the  use thereof ,  

a f f e c t i n g  l i f e  and proper ty  and t o  ascer tatn,  de f ine  and and pub l i sh  standards, 

c l a s s i f i c a t i o n s  and speci.f i ca t fons  f o r . m a t e r i a l s ,  devices, products, equipment, 

const ruc t ions ,  methods and systems .af fect ing such hazards, and o ther  informa- 

t i o n  tending t o  reduce o r  prevent b o d i l y  i n j u r y ,  1os.s o f  1 i f e . a n d  property from 

such hazards. I' 

"To cont rac t  w i t h  manufacturers,, governmental agencies, and o thers ,  f o r  

examination, c l a s s i f i c a t i o n ,  t e s t i n g  and inspect ion  o f  mater ia ls ,  devices, pro-  

ducts, equipment, construct ions,  methods and systems, and f o r  the  development 

o f  standards w i  t h  reference t o  hazards appurtenant the re to  .or  t o  the use there- 

o f  a f f e c t i n g  l i f e  and property;  and t o  repor t  and c i r c u l a t e  the  r e s u l t s  o f  such 

examinations, t es ts ,  inspect ions, ,  and c l a s s i f i c a t i o n s  t o  insurance organizat ions 

p u b l i c  sa fe ty  a u t h o r i t i e s ,  government bodies, o r  agencies, o ther  i n tes ted  par- 

t i e s  and the  p u b l i c  by the  p u b l i c a t i o n  o f  l i s t s  and descr ip t ions  o f  such exam-. 

ined, tested,  inspected o r  c l a s s i f l e d  ma te r ia l s ,  devices, products, equipment, 

construct ions,  methods and systems., by the p rov i s ion  o f  t he  attachment o f  

markings o r  labe ls  there to .or .  i'ssuance o f  c e r t i f i c a t e s  thereon, o r  i n  such 

o ther  manner as from time t o  ti'rne.may be deemed advisable." 

The Laborator ies, i n  performing i t s  func t ions  i n  accordance w i t h  i t s  ob jec t i ves ,  

does not  assume o r  undertake t o  discharge any r e s p o n s i b i l i t y  o f  t he  manufac- 

t u r e r  o r  subscr iber  t o  any o ther  par ty .  The opinions and f i nd ings  o f  Under- 

w r i t e r s  Laborator ies, Inc. represent i t s  judgement g iven w i t h  due considera- 

t i o n  t o  the necessary l i m i t a t i o n s  o f  p r a c t i c a l  operat ion. The Laborator ies 

does not  warrant o r  guarantee the  correctness o f  i t s  opin ions,  o r  t h a t  i t s  

f i nd ings  w i l l  be recognized o r  accepted. 

Many products inves t iga ted by Underwri ters Laborator ies,  Inc. may cease t o  meet 

i t s  Standards o r  requirements because of misuse, exposure t o  adverse condt t ions,  

f a i l u r e  t o  inspect  and mainta5n. the product and I t s  c o n ~ t ? t u e n t , c & ~ o n e n t s ,  o r  . 



o the r  fac tors  occur r ing  a.fter manufacture which a f fec t  .the safety o f  t he  pro- 

duct. Underwri t e r s  Laborator tev I nc. does. no t  and cgnnot attempt t o  a n t i c i p a t e  

a1 1 abnormal condi t ions.  .Cts Standerds and requi'renents are  predicated upon 

'proper use and maintenance w i t h t n . t h e , n o m e l  useful  l i f e  of the  product,  as 

w e l l  as the assumption o f  certai 'n s t t p u l a t e d  abnormal. cond i t ions  wherein the  

product must per form i n  a safe manner.. . t t s  opinions, f lnd.ing3,and eva1,uations 

.are based upon and 1 i m i  t ed  .by these assumpt i ons. 

Procedure f o r  C e r t i f i c a t i o n  

The complexity o f  the  module:or~assembly which you, as an. Appl icant ,  in tend t o  

submit f o r  i nves t i ga t i on i  by UL f o r  t he  f i . r s t  time, o r  even on succeedtng 

occasions, g r e a t l y  i n f l uence  the.amount o f  paper work and o ther  ac t ions  re- 

qu i  red t o  es tab l  i s h  a p r o j e c t  and t o  c a r r y .  i t .  t o  i t s  f i n a l  repo r t  phase.  he 
t h r u s t  o f  UL's i n v e s t i g a t i o n  i s  to :ascec ta in  and d0cumen.t compliance of the  

product w i t h  UL's sa fe ty  requi  rements.- Accordingly, whatever assistance the  

Appl icant  provides the  Laborator ies '  -engineers i n  exped i t ing  the process by 

which UL makes i t s  determinat ion.  of comp.1 iance, wi 1 1  shorten the t ime requ i red  

and lower the cost  o f  t he  work. . .  I t  wi 1 1  be t o  your advantage to .eva lua te ,  

p r i o r  t o  submittal . ,  t he  construct. ion and, performance c h a r a c t e r i s t i c s  o f ,  your 

product against  the requirements set  f o r t h  i n  the  ~ t a n d a r d ( s )  t o  preclude, t o  

the  ex tent  poss ib le ,  the  expendit .ure.of t ime by UL engineers i n  examining and 

t e s t i n g  a. product which you can read1:l.y. determine does not, meet UL's requi re-  

ments. 

The Standards 

The Standards o f  Underwri ters Laborator ies,  Inc. have been drawn up t o  provide 

speci f i ca t  ions and requi  rements f o r  the  const ruc t  i on  and the  performance under 

t e s t  and i n  ac tua l  use of systems, devices, mater ia ls ,  and appliances o f  

numerous classes submitted t o  t h e  Laborator ies. The requl rements o f  these 

Standards are based upon sound engtneering p r i n c i p l e s ;  research, records o f  

t e s t s  and f i e l d  experience. The problems of manufacture, i n s t a l l a t i o n  and use 

are considered a f t e r  consul t a t i o n  w i t h  manufacturers, users, inspeci  ton  author- 

i t i e s ,  and others having speci a1 ized experience. Standards are subject  t o  

r e v i s i o n  as f u r t h e r  experience and i n y e s t i g a t i o n  may show i s  necessary o r  de- 
I 

s i  rable.  

Examination and t e s t s  o f  submitted products are  conducted by expertenced engin- 



'eers i n  one o'r more' o f '  the Pol lowing departments: Bu,rglary Pro tec t  ion and 

Signal ing;  Casualty and Chemtcal. Hazards; E lec t r i ' ca l ;  F? re  'Protect ion; Heating, 

A i r  Condi t ioning and Refr i 'gerat lon; .and Mati;ne. 

The equipment ' o f  the  Laboratori'es a1 lows comprehens~ive i nves t iga t i ons  t o ,  be 

conducted a t  convenient l oca t  i'ons. ' O f f  ices and. t e s t i n g  s ta t l ons  are located 

a t  Chicago and Northbrook l l l t n o i ' s ;  M e l v i l l e ,  New York; Tampa, F lor ida ;  and 

Santa Clara, C a l i f o r n i a .  

The corporate o f f i = e  and a t e s t l n g  stat i 'on located i n  Chicago, I l l i n o i s  con- 

t a i n s  an E l e c t r i c a l  Department, and a. .sect ion o f  the  F i r e  P ro tec t i on  Department. 

The la rges t  fac i  1 i t y  i s  a t  Northbrook., I1 1 i n o i s  and ptov ides f o r  large-scale 

t e s t s  conducted. both indoors and outdoors. The Burg.lary P ro tec t  ion .  and S i  g- 

na l ing ,  Cas'ualty and Chemical.Hazards., Heating, A i r  Condi t ioning and Ref r iger -  

a t  ion Departments, most o f  the F i  r e  P ro tec t i on  Department, and headquarters o f  

the  Fol.10~-Up Services Department are located a t  Northbrook. l h e  M e l v i l l e ,  New 

York o f f  i c e  and t e s t i n g  s ta t i .on  provides a labora tory  faci.1 i t y  where the  exam- 

i n a t i o n  and t e s t i n g  o f  e l e c t r i c a l  equipment and f i r e  alarm s ignal . ing apparatus 

can be cond'ucted f o r  manufacturers on the  East Coast. 

The S'anta Clara, C a l i f o r n i a  off i 'ce and t e s t i n g  s t a t i o n  provides convenient ly  

located t e s t  f a c i l i t i e s  f o r  manuPaclturers on the  West Coas't. It i s  equipped 

f o r  the  examination and test ing.  o f  most e l e c t r i c a l  products, gas. and o i l  eq'uip- 

ment, 'and heating, a i r  c o n d i t i o n i ~ g  and r e f r i g e r a t i o n  equiprnen.t ... F a c i l i t i e s  

are a l s o  'provided f o r  the  flame spread t e s t i n g  o f  b u i l d i n g  ma te r ia l s ,  and f o r .  

t e s t s  i n  o ther  c l a s s i  f i ca t i ons  inves t iga ted by UL. Products o f  c e r t a i n  types, 

s izes and r a t i n g s  must'!be Zent t o  chicago' o r  Northbrook f o r  t e s t s ,  as' some o f  ; 
, . . .  

the more e labora te  test ing.equtpment cannot be dup l ica ted economically. 

The newest a d d i t i o n  t o  UL f a c i l . i . t i e s  i s  the.Tampa, F l o r i d a  o f f l ces  and t e s t i n g  

s ta t i on .  This o f f i c e  houses t h e ~ a ' r i n e  ~ e ~ a r t m e n t ,  an E l e c t r i c a l  Department, 

and a Burglary ~ r o t e c t i i j n  Department. O f  equa l  importance w i t h  the  examination 

and t e s t  work o f  Underwri ters. Laboratori'es-, Inc. i s  i t s  Follow-Up Service i n  

the  f a c t o r i e s  where l i s t e d  devices are manufactured. 



I 

I .  Should examtnation and t es t s  by the Laborator lesl  repres.entat?ve disclose fea- 

I , tu res not  i n  compliance w i t h . t h e  requi.rements; the manufact~lrer i s  required 

I e i t h e r  t o  cor rect  such item5 o r  to.remove the L?st.?ng Mark. from the product. 

. . 
IdentFfFcation of L i s ted  .Product. ,, 

. . . . . . . . .  . . . . . .  , .. ' " 

; '. . . . I 
. . 

The L i s t i n g  Mark o f  Underwriters Laboratori'es, Inc. 1s the,.only .meaps provided 

I fo r  the iden t , i f i ca t ion ,o f  L i s ted  Products produced.under, t he .Fo l . 1~ -Up  Service. 

I The appearance o f  a  company'.^ .name.-in the pub1 ished L i s t s  o f  Underwriters Lab: 

I o ra to r ies  Inc. does not  . s i g n i f y  . t h a t  a1 1 o f  the manufacturers: products are . 

I L i s ted  under the Follow-Up Service. Only those products bearing the L is ted  

I company's name and the List ing:Mark,.should be considered 'as be.ing 1i.sted by 

Underwri te rs  Laboratories ,' Inc. 

The name Underwriters. Laboratories Inc. i n  various forms and abbreviat ions and 

I the UL symbol are reg is tered w i t h  :the U.S. Patent Off ice, and i n  numerous f o r -  
. . 

I e ign countr ies, as . c e r t i f i c a t i o n .  marks.. L i s ted  subscribers, subject t o  the 

terms o f  a L i s t i n g  and Fol law-Up Service Agreement, are permi t t e d  t o  use speci- 

f i e d  forms o f  the Laboratories'.,.name o r  symbols as a . .L i s t ing  Mark on products 

which are ~ i s t e d  and which complyw i th  the Laboratories' requirements. 

The L i s t i n g  Mark general ly  appears i n  'one o f  the f o l  lawing forms, together w i t h  

the broduct  designation. ' .  

Certa in L is ted  products.which are .authorized t o  bear - the  L i s t i n g  Mark may a lso 

be covered under.a service.designated as "Listed by Report." These are usual ly  

products o r  cons t r 'uc t ions fo r  which there are no general ly  recognized i n s t a l -  

l a t  ion requi rements. The descr ip t ion of.  ..such product o r  construct ion, and in -  

I formation concerning proper f . i .eld assembly and/or i n s t a l l a t i o n ,  are contain- 

l ed i n  a Report i d e n t i f i e d  by $he reference and date shown by the L is t ing .  

Copies of  the Report may be obtalned,upon.appllcation t o  the manufacturer. 

Cost of Follow-Up Services 

The cost  o f  the Service 7s covdredby charges which vary according t o  t h e . ,  

nature and extent  o f  follow-up .sew[-ces required. . Charges. are .hi 1 led ' t o  the , 

I subscriber a t  current  ra tes i n  ef fect .  If rates are changed, w r i t t e n  not tce i s  



, , L i s t l n g  and Fol low-Up Services 

. . . . . . Genera.1 . 

. . .  

Upon successful completion of t he  Invest tga t ton ,  and a f t e r  agreement t o  the  

terms and cond i t ions  o f . . t h e ' L i s t t n g  and.Pollow-Up Service, the  Laborator ies 

publ ishes the names o f  t h e  compan.?es'who have demonstrated the a b i l i t y  t o  

p rov ide -a  product con'form,ing t o  the es tab l tshed requirements. L i s t i n g  s i g n i -  

. f ' ies that' product ion samples o f  t he  product have been found t o  comply w i t h  t h e  

requi i-ements, and chat the  'manufacture'r t i  au tho r i zed ' to  use the  Labora tor ies '  

L i s t i n g  Mark o n ' t h e  L i s t e d  Products which comp1.y w i t h .  the  requi rements. It 

should be noted, hawever, ' that .Lts ted.products a r e . n o t  necessari l y  equ iva lent  
. . i n  qua1.i t y  o r  mer i t .  ' "' 

. .. . . > 

Fol low-Up Service 

The L i s t  ing' o f  the product ,, as already descrtbed, i s  cont ingent upbn the  es- 

tab1 ishment of the  Laborator ies '  ~ F o l  low-Up Service. The nature o f  t he  Service -. 

t o  be app l ied  t o  a p a r t i c u l a r  c1as.s o f  product res ts  w i t h  the Laborator ies. 

The Fol l&up Service i s  designed t o  serve as a check on the  means which the  
, . . . 

m i n u f a c t u r i r  exerc ises t o  determine compl ia-ncd o f  t h e .  broduct . w i t h  the  requ i re-  

k n t s  of the  Laborator ies. . .~xpe.eience 'has' shown t h a t  a program o f  t h i s  nature 

can be qperated e f f i c i e n t l y .  w i thout  c a l l  i ng  upon the manufacturer t o  g i ve  undue 

p u b l i c i t y  t o  h i s  manufacturing processes o.r sub jec t ing  him t o  unwarranted pro-  

duc t ion  delays. 

under the  Fol low-Up Service the  mariufacturer. Attaches labels,  markers o r  o the r  

author ized evidences of ~ ' i s t i n ~  . ( :L is t ing Marks) t o  such o< h i s  products as 
. 

are found by him t o  be i n  compliance w i t h  UL requirements. 

Representat i ves o f  t h e  ~ a b o r a t o r i e s  ,make p e r i o d i c  examinat ions o r  t e s t s  d f  .the 

products a t  the fac to ry  and- may, from t ime.  t o  t ime, se lec t  samples from the 

fac tory ,  the bpen market, o r  elsewhere, t o .  be sent t o  a l abo ra to r ies1  tes t i ng  

s t a t  i o n  f o r  exami'nation o r  teSt  t o  determtne compl i ance. wi t h  the  Laborator ies '  

requi rements. Representat ives. ,charged wt t h  the  responr i b i  1 t . ty  f o r  makinq 

p e r i o d i c  inspect ions are located i n a p p r & ~ r n a t e l y  200 c l t i e s  throughout the  

Uni ted  States and i n  'some forefgn-,.countrtes. . ' 



sent  t o  a l l  subscribers. 

C l  i e n t  Advtsor 

A t  each o f  t he  laboratory: Paci ' l i t i 'es l i s t e d  on.page 5 of t h i s  discussion, UL 

., has designated a C l i e n t  Advpsor t o  a s s i s t  c l  tents: i n  becoming fami 1 i a r  w i t h  

UL1s opera t iona l  methods, t o ' d i r e c t a  c l ' i e n t  t o  t h e , ' p r o p e r ' ~ n g l & & r i n g  . , Depart- 

ment, and where necessary,. to bri'ng..comments,.questions, and complaints t o  the 

. a t t & t i o n  o f  t he  p roperpa r . t i es  .sit-thin UL. 

I n l t l a t i , n g  A" l nves t , iga t ioh :  

I n i t i a t i o n  o f  an i n v e s t i g a t i o n  requ i res  t ,hat,  the c l l e n t .  s i g n  con t rac tu ra l  . I 
. 4  

agreement(s), make a p r e l  iminary deposit ,  f u r n i s h  c e r t a i n  required . .  * in format ion,  

and submit appropr ia te  samples f o r  t e s t s  and examination. 

S p e c i f i c  in format ion  must be suppl ied by the  Appl icant  t o  proper ly  e s t a b l i s h  

the  scope o f  t h e  i nves t iga t i on .and  t o  a s s i s t  UL i n  p rov id ing  the appropr iate 

App l i ca t i on  Forms t o  be used as a formal .contract  t o  i n i t i a t e  an inves t iga t i on .  

. . 
. , 

The f o l l o w i n g  are required:  

1. A desc r ip t i on  of the  materials,  products, o r  s.ystems (here ina f te r  c a l  l ed  

"products") t o  be submitted, as-we1 1 as the intended.  use o f  the  product 

( i f  not obvious). The in~for rnat ian~must  a l s o  i'nclude the  des,ignations 

o f  a l l  models o r  types t o  be cwered.  w i t h  d e t a i l s  ,regarding t h e i r  ra t i ngs ,  

,%harac ter is t i cs  and in format ion  . about. .- . t h e i r  . . s i m i l a r i t i e s  and differences.. 

Appl i cants are encouraged. t o  use product. designat ions which r e l a t e  d i  r e c t -  

l y  t o  the  features of the .product  t h a t  a f f e c t  . i t s  sa fe ty  and performance., 

but are not  an i nd.i ca t  ion,-.of .nonsafety cha rac te r i s t i cs .  Such a p rac t i ce .  

wi 1 1 preclude the  need f o r .  UL t o  rev ise  i t s  records t o  inc lude changes, i n  

designat ions because o f  design and product ion v a r i a t i o n s  which r e l a t e  on ly  

t o  nonsafety features. Whatever designat ion i s  used must, i n  a l m o s t , a l l  

cases, be shown on the  product. 

2. An i d e n t i f i c a t i o n  o f .  the:'cdmp~rierits. and materi 'a ls incorporated Sn the . .  

f i n a l  -assembly, o f  t h e  product, inc.l.uding manufact-urer's name, ca ta log  . . ., : : 



numbers, sizes, ..ratings:, e t c .  , and an ind tca ted .yhether L is ted ,  o r  Recog- 

, n ized by UL. O f  p a r t i c u l a r  i 'nterest i:s deta.t led data r e l a t i n g  t o  any 

polynreri cs (e .  4 .  , themop !ast ics.1 used. tn the  product. 

. . 

3. Wir ing diagrams, where applicable', t o  f a c i  1 i t a t e  an undeistanding of 

e l e c t r i c a l  c i  r c u i  t r y  which might be involved. 
. . 

4. ' I n s t a l l a t i o n  and/or operati'ng i n s t r u c t f o n s . a s  appropr iate fo r  the  product. 

5. Where known, any a1 te rnate  m a t v i a l s  ; a1 te rnate  components, o r  a l t e r n a t e  

arrangements o f  pa r t s  contemplated i n  fu tu re .  product ion. I n  order  t o  

minimize, as much as poss,i.ble; . . r e p e t i t i o n  o f . t e s t  work when the a l te rna tes  

are subsequently i n  the .product. 

6 .  The name o f  the Appl i c a n t ' s  representat ive des,tgnate'd to .  receive a1 1 com- 

municat'ions, i nc lud ing  the  f i n a l  report .  
- ,  

7. Name and address o f  company t o  appear i n  the  appropr iate pub1 ished UL 

D i  rectory.  

.8. Names and addresses o f  a.11. f a c t o r i e s  where product i s  t o  be manufactured. 

The above informat ion w i l l  enable UL . to  determine which o f  i t s  s i x  Engineering 

Departments w i l l  conduct the i nves t iga t i on ,  t o  establ i .sh t h e  Cost L i m i t  f o r  t h e  

work, and t o  provide -an est imate o f  the  t ime required. to. render a repor t ,  based 

on one se t  o f  t es ts  and examinattons. 

Before UL1s Engi neer ing Department. w i  11 .  release any formal repor t  . to the  Appl i- 

cant, i t  w.i ll requi r e  acceptance of..UL.'s Fol low-Up Service.. .This .,acceptance 

i s  accomplished b y  the  s i g n i n g  and re tu rn ing  of a Fol low-Up serv ice  ~ ~ r e e m e n t ,  

which-wi  1 1  be forwarded t o  the  App l  l can t  s h o r t l y  a f t e r  t he  ~ n v e s t i ~ a t i o n  gets 

unde &ay . . . .  , 

Although a l l '  contact between an,Appl icant  and UL can be mai.nta1ned by corres- 

pondence (possibly supp1emented:by ,telephone) a personal v i s i t  t o  d isp lay  the  

product (or  a model) and exp la in .  i t r o p e r a t  ion, o r  . t o  discuss drawings which 



would i l l u s t r a t e  the  purposes and Punction,oP the  product,  i s  sometimes he lp fu l  

i n  es tab l  i sh ing  a b e t t e r  understandi'ng . . be.tween t h s  Appl ?cant and UL engineer 

who w i l l  be handl ing the  investigation.. Periional v i 's . i ts  should,. t o  the ex tent  

p r a c t i c a l ,  be made by appointment I n  order  t o  assure t h a t  t h e  engineer handl ing 

your product  investigation.^? 1.1. .6e'.avai'.lable, o r  ' t ha t  a qua1 i f  ied  s u b s t i t u t e  

can be p rov i  ded. . . . .  . 

Form data sheets are avai lab, le from. UL f o r  c e r t a i n  product categor ies and 

should be u t i l i z e d  whenever possi'bl& t o  present the  necessary p re l im ina ry  de- 

s c r i p t i v e  in format ion  f o r u s e  by Uk . i .n .determining the ex tent  o f  a contemplated 

inves t iga t i on .  

The Appl i cant i s  encouraged. t o .  r e l a t e  new o r  modi f l e d  des,igns t o  prev ious ly  

tes ted types o r  models so that,.whenever possib le,  the  experience of p r i o r  

t e s t i n g  and cons idera t ion  o f  cons:truction features can be. u t i  1 ized i n  deter- 

mining the  scope o f  the required invest , Igat ion t o  determine a c c e p t a b i l i t y  o f  

the new o r  rev ised models o r .  des,igns.. 

Charges f o r  Work 

Charges f o r  engineering serv ices a re  made a t  cur rent  b i l l i n g  ra tes  f o r  t ime 

devoted t o  the product by engineer ing , techni  c a l  and ..support personnel. Based 

on informat ion provided, a Cost L i m i t . f o r  a n t i c i p a t e d  engineerl'ng serv ices w i l l  

be es tab l  i shed and s p e c i f i e d  on . t h e  App.1 I c a t  Ton Forms. 

The cost  l i m i t  covers on ly  - one set  o f  t e s t s  and an exami'nation.of construct ion-  

a1 features performed on the.submit ted product. I t  i s  no t  intended t o  cover 

(a)  r e p e t i t i o n  o f  a l l  o r  part. o f  a . t e s t  program, which might be necessary due 

t o  unacceptable r e s u l t s  obtained.duri 'ng. the i n i t i a l  program, o r  (b) spec ia l  

sets o f  t es ts ,  o r  any other : .work. requi . red t o  determine the  a c c e p t a b i l i t y  of 

i n d i v i d u a l  components o f  a kind.whi 'ch.ds separate ly  L i s t e d  o r  Recognized by 

UL (e.g., snap switches, i nsu la ted  wl.re, molded p l a s t t c  pa r t s ,  e t c . )  

I t  i s  sometimes des i rab le  t o  expand,or cont inue the  i nves t iga t i on  beyond t h a t  

o r i g i n a l l y  contemplated. Where add i t i ona l  t e s t s  o r  examinations are deemed 

t o  be desl rable,  UL w i l l  r equ i re2proper  authorizat i 'on Prom.the Appl icant  and 
. . 

an increase i n  the  C o s t  L i m i t  w i l l  normal l y  be requi  red. Such procedure some- 



times permi ts  contemplation o f  the  work. w i t h  m?nimw delay hy m o l d i n g  the 

resubmi t t a l  processing.' 

The es tab 1 i shed Cost ~ i h i  t does n o t  Enclude advinces and reimbursable expenses; 

such as t r a v e l  and 1 i v i n g  expenses (:if requl  red) , communications, :shipping, use 

o f  spec ia l  equipment, mater ia ls ,  ene,rgy,.fuel, photos, drawings o r  o the r  repro- 

du'ctions, Temporary'Follow-lrlp Service Procedures, o r  . the p r i n t i n g  o f  e x t r a  

copies o f  a repor t .  Such expenses are  charged over and' above the  Cost L i m i t  , 
which i s  se t  f o r  the invest5gat' ion o f  .the product and specif i 'ed i n  the  App l i -  

ca t i on  Forms. 

sample Select  ton 

While the UL engineer w i l l  determine what samples are  t o  be tes ted and/or 

examined t o  represent the product (5 ) ' .  being submitted, there are some broad as- 

pects o f  sample se lec t i on  o f  whlkh t h e  Appl icant .  should be aware. 

UL1s determinat ion o f  compliance w i t h  i t s  requirements i s  genera l ly  based upon 

examination and/or tes ts  o f  product ion un i t s  as opposed. t o  handmade or proto-  

type uni t s .  .. 

A t  the time i n i t i a l  contact i's establ ished,  and p r i o r  t o  the preparat ion o f  

App l ica t ion  Forms, the Appl icant  should g i ve  ca re fu l  considerat ion as t o  whether 

the i n v e s t i g a t i o n  w i l l  be conducted on models, prototypes,  o r  pre-product ion 

samp1.e~ of the .product suppl i ed  d i  rec t  l y  by the manufacturer, o r  on t e s t  sam- 

p les from the manufacturer 's 'product . ion l i n e .  

I n  t h i s  regard, a complete o r  p a r t i a l  i nves t i ga t i on  o f  a model, prototype,  o r  

preproduct ion product may r e s u l t  I n  a l e t t e r  repor t  o r .  a L i s t i ng , .  Class i f  ice-  

t i o n ,  o r  Recognition Report. I f  a . l e t t e r  repor t  i s  provided, i t  w i l l  o u t l i n e  

the t e s t  r e s u l t s  and comment on const ruc t ion  features which .do not  meet UL1s 

requirements. I f  a L i s t i n g ,  C lass i f i ca t i on ,  o r  Recognition Report i s  provided, 

UL w i l l  no t  au thor ize  release of product ion bearing. UL's Registered Mark u n t i  1 

product ion samples o f  the product .have been retes:ted and re-examined t o  the 

ex tent  considered 'necessary. Such product ion  check 5 s made by UL's personnel . 

f o l l ow ing  i n s t r u c t i o n s  issued by UL, and u t i l l z 3 n g . a  desc r ip t t ve  document 

furnished by UL c a l  l ed  a ~ o l  low-up Service.Procedure. 



On the  o the r  hand, i f the ~ p p l ' t c a n t  . cR.ooses t o  t o o l  up to make producti.on 

samples ava' i lab le f o r  the  i : n i t ? a l  ?nvesti'gqti.on; and the  r e s u l t s  obta ined tn- 

d i ca te  a need f o r  changes i n  design to  meet the app l icab le  requirements, the  

bas ic  design may have t o  be revised, and modi f  Ted s.amples iubmi t t e d  f o r  ad- 

d i  t i ona l  examinat i on  an:d t e s t s  t.n order  t o  ach'reve cornpl iarice. 

As a general ru le ,  UL &ncour,ager the  submi t ta l  of prototype samples, f o r  such 

a procedure a f fo rds  the  a p p l  l c a n t  a greater  number of cholces of deslgn fea- 

tu res ,  as w e l l  as less r i s k  o f  major re too l i ng ,  ma te r ia l s ,  o r  o ther  changes. 
, . 

The decis ions as t o  which route i s  the most economical and e f f i c t e n t  must be 

made by the  Appl icant .  Obviously,  based on p r i o r  experience, the  co'urse o f  

a c t i o n  t o  f o l l o w  w i l l  become more..apparent.. I n i t i a l l y ,  however, a d iscussion 

o f  t he  matter  w i t h  a UL representat ive may serve t o  c l a r i f y  any quest ionable 

po in ts .  . . .  

I n  some cases the i nves t iga t i on  o f  a product can be expedited by the  submi t t 'a l  

o f  one se t  o f  samples t o  be used f o r  t e s t  purposes, and a second set  t o  be used 

f o r  a comparison o f  cons t ruc t i on  f e a t u r e s ' w i t h  ULts requirements. Such an 

arrangement could permi t  b o t h , t e s t i n g  and examination t o  proceed a t  t he  same 

time. I n  a1 1' cases samples forwarded. t o  the Laborator ies.  should be marked t o  

the  a t t e n t i o n  o f  the s p e c i f i c  UL engineer t o  whom the p r o j e c t  i s  assigned, . . o r  

t o  the person w i t h  whom the Appl icant  has had p r i o r  contact ,  t o  insure t h a t  

the sample's a v a i l a b i l i t y  t o  the concernedengineer becomes known a t  the  

e a r l i e s t  poss ib le  time. 

Use o f  Manufacturer's. ~ a t a  and Faci 1 i t i e s  

When products are  submitted by a manufacturer whose t e s t i n g  f a c i l . i t i e s  and 

procedures have been previous1.y determined by UL t o  be equ iva lent  t o  those 

u t i l i z e d  by UL i n  making i t s  invest,lgati.on, i:t may be possi.ble f o r  the App1.i- 

cant t o  submit manufacturer-produced t e s t  data f o r  .considerat ion 7n the  UL 

inves t iga t i on .  A bul  l e t  i n ,  "Use of Manufacturer 's .Test Data i n  Product S.ub- 

m i t t a l s " ,  descr ib ing  the  bas,?c.features o f  t h i s  program, may be .obtained from 

the engineer handl ing t h e  product . .s~ j t jm l t ta l  . Such a.program can be he lp fu l  i n  

reduci ng the  t ime necessary t o  comp.lete an i.nvest !gat ion, 



S i m i  l a r l y ,  i f  a manufacturer's t e s t  fac i  1 i t i e s .  are judged t o  be equivalent  t o .  

those employed by UL and the  fac i  1 t t l e s  can be made ava i l ab le  t o  perform an , 
. . 

e n t i r e  t e s t  program t o  be wi'tnessed by a q u a l i f i e d  UL.technica1 representat ive,  
. . 

such an arrangement can sometimes resu. l t  i n  an appreciable shortening . . of "watt-  

ing  time" f o r  access t o  the 'UL t e s t  equipment. 
. . 

Components and Synthet ic  Plater ia ls  

At the t ime o f  the  submi t ta l ,  o f  a.,p.roduct, the Appl icant  i s .  asked t o  f u r n i s h  a 

l i s t  o f  components and mate r ia l s  (:partl.cu'larly those der lved from synthet ics)  ~ which are used i n  the  product. 

I 

The a c c e p t a b i l i t y  o f  components and mate r ia l s  i s  usua l l y  based on conformance 

w i t h  appl  i cab le  requirements. f o r  t h e  p a r t i c u l a r  component o r  ma te r ia l ,  as we1 1 

as the  s u i t a b i l i t y  o f  such components o r  ma te r ia l s  i n  the  end product. 

UL's " D i  rec tory  o f  Recognized Components". contains in format ion  usefu l  t o  the  

manufacturer o f  the end product Pn se lec t i ng  components .and..materi a1 s which 

have a1 ready been eval  u'ated and found t o  meet c e r t a i n  construct  ion  and/or 
. . 

performance c r i t e r i a .  When ,used.wi t h i n  these recognized 1 i m i  t s ,  the t ime neces.- 

sary t o  complete the i n v e s t i g a t i o n . o f  the end product. can'be shortened, and 

the  costs incur red ,by the  App1,tcant who submits the  end products can be les-  

sened. 

Hand1 in; the p r o j e c t  

When proper ly  executed App l i ca t i on  Forms, together w i t h  any required p re l im ina ry  

deposit ,  have been recieved. f r m , t h e . A p p l i c a n t  and the required t e s t  sample(s) 

and/or t e s t  f a c i l i t i e s  have,been made a v a i l a b l e  t o  the personnel designated t o  

handle the product invest, igat ion, a proml ie Date f o r  comp le t i ono f  the engin- 

eer ing  i n & s t i g a t i o n  w i  1 1  be &tab1 ished by the  Involved UL Engineering Depart- 

ment and g iven t o  the  Appl Pcant. .The Promise Date es tab l  ished w i  1 1  be dependent 

on the  an t i c ipa ted  work t o  be' performed and the  department work load a t  t h a t  

time. The.Promise Date i s  an ?ndFcati:on of the  calendar date by which the En- 

g i neer i  ng Department expects t o ,  complete the  tnves t iga t  i on of t h e  product and 

repor t  the resu l t s '  t o  ' t he  su6mitter.. Add i t tona l  t h e  Fs required f o r  the  pre- 

para t ion  of a formal . L i s t i n g ,  . c l a s s i f i c a t i o n ,  o r  Recognitton.. ~ e ~ o r t '  and Follow- 

Up Service Procedure. . , 
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An invest igat ion i s  i n i t i a t e d  by assignment .of  the p ro j ec t .  t o  an e,ng?neer who 

w i l l  supervise the t es t i ng  and.evaluatton o f ' t h e  product by techntca l ly  qua l i -  

f ied  personnel. The . engineer, . i'n turn, i s  under the d?rect. ion .of an Engineer- 

i ng Group Leader and an ~ s ~ o = t a t e  . ~ a n a , ~ l y  EngEneer rei.ponsi:ble f o r  the admtn- 

i s t r a t i o n  of a group o f  technical  people, r e f e r r e d  t o  as ~ e c t i o n .  
. .  . . .  . . , 

. . . . 
' .I. 1 

Appl i cants are encou'raged t o  t je~ome'ac~uain ted w i t h  the i n h l v e d  . 
. 

supervisory 

personnel, and fee l  f ree t o  discuss w i t h  them problems.whtch may a r i se  i n  the 

course o f  an invest igat ion.  

I f  arrangements are made.in advance, i t  5s possib le f o r  an Applicant, o r  h i s  . , , . .  
authorized representative, t w w i  tnes.~:  .a1 1 or a por t ion  o f .  the t es t  program per- 

formed on a submitted product a t  the .Laboratories. Such an arrangement might 
., . 

be useful  i n  observing t es t i ng  .techniques employed, as we1 1 .as affording the 

Applicant, o r  h i s  representative,. the opportuni ty t o  discontinue an invest iga- 

t i o n  when, i n  h i s  opinion, a cont inuat ion o f  the invest igat ion would be of.  

l i t t l e  value i n  view o f  the observed.resu1-ts. I n  such a case t he .p ro j ec t  can 

be terminated and a l e t t e r  report .  rendered cover1n.g the por t ion of. the product 
, 

i nves t iga t ion  which had been pe.rformed, 

Such a l e t t e r  report ,  o r  f o r  tha t 'mat te r  .any repor t  not  r esu l t i ng  i n  acceptance 

o f  a product a t  the completion o f .an invest igat ion,  would.be u t i l i z e d  t o  f a c i l -  

i t a t e  the resumption o f  fu tu re  work.on modi f ied samples of the product when i t  

i s  resubmitted. . . 

. . ,  
Every e f f o r t  w i l l  be made by.UL.staf f  t o  complete the invest igat ion on o r  be- 

fore  the Promi se Date. There are..occastons.. when Promise Dates must be extended 

because o f  the inabi  1 i t y  of the Appl i-cant . t o  provlde necessary samples o r  i n -  

formation o r  because of  UL!s 1ack.of avai l ab le  t e s t  faci  1 i t t e s  o r  technical  

personnel a t  a p a r t i c u l a r  t h e .  .... It f s  expected tha t  such occurrences w i l l  be 

minimal and subject t o  adjustment as.: the investigation proceeds. However, if 

the Applicant feels that  undue or..unreasonable delays.ar-e taking place, he 

should discuss t h i s  h a t t e r  with (h6p ioJec t  engineer and h.15 supervisors t o .  

ascerta in the reasons f o r  the apparen t .de1 .a~~ end the p o s s t b t l t t y  of mtnimizing 

such occurrences. I f 'a sat i s fac to ry  resol.ut ton t s  not reached, .the Appl i cant 

i s  encoura'ged t o  discuss t hema t te r  w i t h  ' t h e  appropr iate n&aging ~ n ~ i n e e r .  



UL Marks. on Products 

I f  the t e s t  program ind icates . tha t  the p roduc t  ' m e t s . ~ ~  requifements, a formal 

report  wi 11 be prepared by the Engtneerlnb . . . . ~ e p i i t n p n t  and..ut l l l z e d  by the 

Fol low-Up Servi c e s  (:FUSI Deparhen t of  UL as the bas i s  o f  the FUS Procedure, 

which w i  11 authorize the manufacturer : to  .use, under specif  i ed  controls,  the 
. . 

appropriate UL Mark on the product... .The PUS Department w t l l  ind icate  t o  each 
. . 

new Applicant the design and theway  t o p ' t o c u r e t h e  appropriate UL Mark. Any 

quest ions concerning t h i s  Mark should..be' d i  rested t o  the FUS Department a t  the 
. . . . 

o f f i c e  hand1 ing the engineering.: pro jec t .  

UL cdnt ro ls  ttib use o f  i t s  Registered Mark, and c l  ients  are encouraged' t o  be- 

come fami 1 i a r  a t  'an 'ear ly date .wi th .  the procedure . f o r  obtain ing the appropriate 

Mark tha t  i s  ' t o  be'used by' the:Appl.icant t o  ind icate  compl iance w i t h  UL1s re- 

qui rements. . . . . 
. . 

When ULts inves t iga t ion  has been based .on prototype. samples, UL w i  11 require a 

fac tory  check on product ion samples. before author iz ing the release of the 
, . 

bearing ULts r e g i s t e r e d  Mark.. , This f ac to r y  'check i s  usual l y  made by 
. . 

a UL f i e l d  inspector o r  engineer, using the u ~ - ~ r e ~ a i e d  descr ip t ion o f  t h e  pro- 

duct contained i n  the Follow-Up Service Procedure. A per iod o f  about two weeks 
. . 

i s  normal 1; required for  preparation o f  the "Procedure",. fo l lowing o f f i c i a l  

determinatidn o f  t hep r6duc t t s  &nnpliance b y ~ ~ e n g i n e e r s .  Where production 

schedules req'ui're tha t  the.Applicant.produce and ship the product. a t  an e a r l i e r  

date, U L . w i l l  provide, upon request :by. the Applicant, a Temporary Procedure 

which may be used by the UL inspector and the. Applicant. u n t i  1 the o f f i c i a l  

Procedure i s  avai lable.  The tcan.t.wi.11 be b i l l e d  f o r  the ex t ra  costs o f  

.and d is t r i ' bu t ion , -o f  :the : ~ e m ~ o r a r r j  Procedure. 
.: 

Appea 1 s Procedure .. 

When, a t  the completion o f  an invest, igat ion, a l e t t e r  repor t .  i s  rendered t o  the 

Applicant contain ing conc1usions ,yh.i'ch,. i'n. h i s  opini'on,. do not appear t o  be 

j u s t i f i e d ,  the Applicant can, .w.?.t~out.preJudice, present. and discuss h i s  views 

o f  the matter with the involved e,nglneer . . and h t s '  imed ta te  .supervisor i n  an 

e f f o r t  t o  ,resolve an , , area o f  . dfseg,reepnt; . If a sat  ts factory resolut  ton o f  

the matter cannot be obtained, the.;Appl.ican.t should fee l  free t o  conta'ct the' 
. . . . .  . .. . 



next highe.r 'supervisory 1.evel i n  the Engineering Department h.andl in9 h i s  product 

inves t iga t ion  and, i f  nesensary, t h e  enti;re .5upervIs.ory chii:n up t o  the o f f  i c e  
. . 

o f  the President. 

I f ,  a t  t h i s  po in t ,  differences. s t i l l  e x l s t  r e l a t i v e  t o  technical  o r  engineering 

in terpreta t ions,  ways and means are. ava t l ab le . f o r  :presenting the problem, parti.- 

c u l a r l y  i f o f  an i n s t a l  l a t i o n  nature, t o  ,one of WL1.s. ~ng'tneerfing counci l s ,  as 

appropriate. 

I f  the di.sagreement involves a method o f  meas'uremerit o r  .the i n te rp re ta t i on  o f  

t es t  resu l ts ,  the question may be refei-red t o  the Nationa'l Bureau 07 Standards 

provided that ,  i n  the opinion. o f  the' Bureau, the importance o f  t he . case ' j us t i -  

f i e s  i t s  considerat ion by the Bureau,.and the par t ies  involved agree i n  w r i t i n g  . . 

t o  accept and abide by the f ind ings of"the.Bureau. Any costs involved On such 

appeals procedure sha l l  be borne by UL and i t s  c l i en ts .  

To serve as supplement, but not as a replacement, for  the above described 

appea 1 s mechan ism, the re i s  a 1 so.  ava i lab le  the "Technical Appeals Board (TAB) 

o f  UL". . . 

The speci f i c purpose o f  'the TAB i s  t o  serve as an, advisory ,body t o  consider 

matters o f  technical substance, but  not  matters o f  pol.icy, about which any' 
. . 

c l i e n t ( s )  o f  UL, and UL, may hold an unresolved dif ference of opinion. 

The TAB serves as a body t o  which the vtew of UL and i t s  c l I e n t  may be submit-. 

ted. The) TAB sha l l  be u t i  1 ized on ly  a f t e r  a1 1 other ad"inis.trat ive appeals 

channels ' in UL have been exhausted. 

Further detai 1s w i t h  respect t o  processing an appeal m a y  be obtained from the 

Chief Engineer having j u r i s d i  c t l o n  i n  t he  pa r t i cu l a r  product aiea. ~ p ~ e a l s  

procedures from the dectsions o f  UL's f i e l d  inspectors are a lso.avaf lab le .  

Further in terpreta t ions per ta in ing t o  Such process:es.may be obtained f r 4  the 

Managing Engineer, Follow-up ServEces;at the o f f l ce  where ' the engineertng . . In -  

vest i gat i on was conducted. . . 

~ , .  > .  

The preceding mater ia l  has'been reproduced, wFth permisston, from Un.derwrltersl 



Laboratories. Inc. It appeared, ?n  a brochure e n t i t l e d  Test ing f o r  Pub1 Sc - 
Safety, copyr igh t  1977 (.by Underwr i ters Lgborator ies tnc.) copies of which mey 

be o b t a i n e d . f r m  Underwri ters Laborator ies,  tnc. .Publ icat ion Stock, 333 , 

P r i r ~ y s  ten Road, Northtirook, i 1 1  i n o i s  60062. 

I n  a d d i t i o n  t o  the L i s t i n g  and Follow-Up Services there are o ther  serv ices 

avai l ab le ,~ f rom UL. These are T l l u s t r a t e d  I n  Figure '10.~.These have been 

developed t o .  f u r t h e r  assi ,s t  the manufacturer where a non-typical  product d e  

velopment procedure i s a n t i  c i  pated. I 
Underwri ters Laborator ies Inc. (:UL) has a l so  developed- speci.f i c  t e s t  procedures 

f o r  a wide v a r i e t y  of circumstances.: For instance, i n .  the use o f  s o l i d  s t a t e  
. I .  

appl iance con t ro l s ,  the fo l l ow ing  o v e r a l l  approach was. u t i l i z e d .  

A s  shown by the f low char t  (Figure liOr'2)thi s procedure was d i v ided  i n t o  construc- 

t i'on concerns and t e s t i n g  concerns. "The construct  ion con.cerns i t s e l  f wi t h  

spacings, i n s u l a t i n g  mater ia ls ,  i n t e r n a l  w i  r i ng ,  p r o t e c t i v e  device's, e t c .  w i t h -  

i n  the con t ro l  i t s e l f .  These spacings and i n s u l a t i n g  requirements are a fun,c- 

t i on ' .o f  energy leve ls .  , . . 

The t e s t i n g  sec t ion  i s  d i v ided  as fo l lows:  . .. . 

A. Tests . conducted t o  determine i f ,  any unreasonable f i r e  o r  shock hazards may 

e x i s t .  , These t e s t s  are  the  minimum requirements t h a t  must be successfu l ly  

completed' f o r  t he  appliance. con t ro l  t o  be acceptable t o  Unde,rwri t e r s  

Laborator ies. I 
B .  I f  f a i  l u r e  o f ,  the  appl iance con t ro l .  w i  1 1  r e s u l t  i n  a hazardous cond i t i on  I 

i n  the appl iance then the  device must operate normal ly  a f t e r  the t e s t s  

conducted i n  A above. A l t e r n a t i v e l y  a f a i l u r e  can be assumed whereby 

s o w  p r o t e c t i v e  device must operate t o  shut down the operat ion and reduce 

the p o s s i b i l i t y  o f  hazard. An example o f  t h i s  ' type o f  con t ro l  mcy be a 

semiconductor control1i :ng a .water  h.eater co. i l .  The semiconductor could 

f a i  1 i n  the  "on sta,tel' and. cont inuously energi'ze th.e heater  cot 1 w i  thout  

water present. A f i  r e  hazard may e x t s t  unless. some. overtemperature pro- 

t e c t i v e  device shuts down t h i s  operat ion. 

C. I f  the con t ro l  func t ionsas.  a safety control.., then A a n d  Bmust  beeva1u'- 



TYPE OF SERVICE APPLICABLE TO PRODUCT IDENTIFICATION 

Listing Mark-Employs UL's registered name or symbol genefal- 
ly in combination with the product name. a control number. and 
the word "Listed." Typ~cal examples of the use of UL's cegistered 

Listing & name or symbol follow 
Those products which have been evaluated with respect to rea- 

Fol low-up sonably foreseeable hazards to life and property. and where such UNDERWRITERS LABORATORIES 1NC.O 

Service hazards have been safeguarded to an acceptabl'e degree. 

Classification &' 
Follow-Up 
Service ' 

Recognition & 
Follow-Up 
Service ' 

Those products which have been evaluated with respect to one or 
more of the following: 

11 specific hazards only 
21 performance under specified conditions 
31 regulatory codes 
4) other standards. including international standards. 

' 

Restricted generally to industrial or commercial products. 

Those products which have been evaluated only for use as com- 
ponents of end-product equipment Listed or Classified by UL. 

Classification Marking-May appear in various forms as au- 
thorized by UL. Employs UL's name and a statement to indicate 
the extent of UL's evaluation of the product. such as "Classified 
by Underwriters Laboratories Inc. with respect to (nature of haz- 
ard) only." Similar statements relate to a product's performance 
under a rating system. or evaluation with respect to a statutory 
code or other standards. The marking a lw  includes a reference to 
the appropriate UL Product Directory for additional information. 

-~ -- 

Recognized Merking-Consists of the manufacturer's identifica- 
tion and catalog number. model number. or other product desig. 
nation as specified for the particular product. Except in very rare 
cases. the use of the UL name in any form on the product is pro- 
hibited.'but the following Recognized Component Mark may be 
used as supplementary identification. 

Certificate & 
Follow-up 
Service 

Inspection 

Fact-Finding 
and Research 

A field-installed system at a specific location. or to specific quan- 
tities of certain products where i t  is impractical to apply the 
Listing Mark or Classification Marking to the individual product. 

UL authorizes the installer or manufecturer to issue a written cer- 
tificate for use by customers. inspection authorities. insurance 
companies. and others. based on UL's examination and/or tests. 

Follow-Up Inspections and counter checks of manufacturers' procedures for assuring production compliance 
withthe requirements are conducted,in the factories.and inthe field. Such inspections and checks 

.Sewice are unannounced and at a frequency appropriate for the product or system involved. 
. ..- 

Products or systems involved in situations where the availability 
and capability of UL inspectors can assist local authorities having 
jurisdiction. or can provide inspection service to an industry group 
on a contract basis. 

Projects conducted on contract basis for manufacturers. trade as- 
sociations, governmental agencies. end others in the inteiest of 
public safety. 

(1) ~aci-Finding ~nvestigations-develop product or system informa 
tion end data for usa by applicant in seeking recognition in or amend- 
men1 of a nationally recognized installation mde or standard. 

(2) Research-develops basic information. properries. and charactbris- 
tics of materials. products and systems as related to safety to life or prop- 
erty-generally in the area of standards development. 

A repon covering the inspection is issued to the contracting spon- 
sor. 

A repon is issued to contracting sponsor. Reports generally cover 
a class rather than a specific product. 
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ated. Follow-up production l i n e  t es t i ng  a t  th.e factory by the manufac- 

t u re r  i s  counterchecked. by Underwr l t e r s  Laborator?esl t nspectors, These 

tes ts  a re .usua l l y  an incoming component par t .  screeni:ng t o . y e r ? f y  tha t  

certai 'n e l e c t r i c a l  and physical proper t ies  o f  the component par ts  i n  the 

appliance cont ro l  meet the component  manufacturer!^ specifications. Also, 
burti- i n  tes ts  cons ?s t i ng  o f  a. short,  operat tng per lod of the appl lance 

cont ro l  t o  release for f i e l d  isage i s  required."' 

. . 

3. Lab Data,, Underwrifers ~ a b o r a t o r i e s  Inc., Yo1 . 9,; N O .  4, :Fa1 1 , 1978, 
PP 12, 13. 



APPEND1 X 11. INSURANCE REV'I'EW' 

PURPOSE: Contact var ious  r6presenta t ive  insurance companies w i t h  

na t i one l  o v ' ~ , e y i o n a l  markets t o  determine whether any steps 

have a1 ready been ' taken, o r  are planned, which w i  11 

: '  '.:. e s t a b l i s h  ra tes  f o r '  pho tovo l ta i c  s o l a r  'modules, and whether 

. . ' . t h e  m a t e r i a l s  o f  a module may have any bearl:ng on insur -  

" a b i l ' i ' t y  o r  rates:' - 
- .  

1 .  

CONCLUS I ONS: Photovol t a i  c  modules, and arrays are no t  addressed 

by any o f  the insurance companies o r  agencies contacted. 

By and large,  t he  insurance i ndus t r y  has assumed a w a i t -  

and-see posture. . Cur ren t ly ,  an a r ray  would be t rea ted  as 

p a r t  o f  the dwel l ing ,  and i t s  va lue incorporated i n  the  

t o t a l  replacement va lue upon which the insurance premium 

i s  based. The ma te r ia l s  used i n  t he  cons t ruc t i on  o f  the 

module have no bear ing on i t s  insurab i  1 i t y  e,xcept. as they 

might a f f e c t  the d u r a b i l i t y  o f  t he  module. 

RECOMMENDATIONS: The d u r a b i l i t y  o f  the  RPM w i l l  probably be the  s i n g l e  most 

important f a c t o r  i n  the establ ishment o f  insurance rates.  

High premium costs can s i g n i f i c a n t l y  a f f e c t  the p o t e n t i a l  

f o r  rap id  acceptance o f  the  RPM i n  the r e s i d e n t i a l  market. 

The design and i n s t a l l a t i o n  o f  the ar ray  should, there fore ,  

g i ve  h igh  p r i o r i t y  t o  durabi 1 i t y .  The module should be 

r e s i s t a n t  t o .  damage from na tu ra l  causes ; r a i n ,  ha i  1 , snow, 

wind. It should a l s o  be capable o f  r e s i s t i n g  some o f  t he  

common forms o f '  vandal ism and acc identa l  damage t h a t  can be 

expected . i n  a r e s i d e n t i a l  neighborhood. The design o f  the  

module should a l s o  incorporate features which s i m p l i f y  

repai  r o r  reap1 cement as these are  o ther  fac tors  which w i  11  

a f f e c t  the cost  o f  insurance i n  t he  future.  

INSURANCE REV l EW 

A concern, o f t e n  expressed by the  homeowner cons' ider ing new and innovat ive  ma- 

t e r i a l s  f o r  t h e  r e s i d e n t i a l  marketplace i s  "how w i l l  t h i s  e f f e c t  my home insu r -  



ance rate." ~ l t h o u ~ h  t h i s  may not necessari ly be of concern t o  the module 

designer a t  t h i s  time, eventual ly the success of the RPM w I l l  depend on i t s  

acceptance by insurance underwriters. Various representattve Insurance com- 

panies w i t h  nat ional  o r  regtonal markets were contacted t o  determtne whether 

any steps have already been taken o r  are planned, which w i l l  es tab l i sh  ra tes .  

f o r  photovol ta ic so lar  modules. Also, whether the mater ia ls  o f  a module may 

have any bearing on i n s u r a b i l t t y  o r  rates. The RPM was considered t o  be In-  

s t a l l e d  on the roof  of a one o r  two famtly dwelling. 

Aetna lnsurance was contacted a t  t h e i r  Pi t tsburgh o f f i c e  which i n  tu rn  sug- 

gested contacting ,the home of f ice i n  cdnnecti cut. We contacted the home 

o f f i c e  and were t o l d  that  an organization ca l led  the lnsurance Services Of f i ce  

sets rates f o r  f i r e  protect ion and that  a t  t h i s  time, no rates have yet  been 

establ ished f o r  any type of so la r  system. It was fur ther  s ta ted tha t  the 

factors  which determine the ra t i ng  o f  insurance for  a residence are external  

f i r e  protect ion,  tha t  i s ,  locat ion o f  f i r e  hydrants, r a t i ng  o f  the local  f i r e  

department, i t s  distance from the dwelling, and whether the dwel l ing i s  o f  

b r i c k  o r  frame construction. It was the opinion o f  the person contacted (Mr. 

Woodcock, a mechanical engineer a t  Aetna) , tha t  guide1 ines f o r  the ra t i ng  o f  a 

so la r  co l lec to rs  were not l i k e l y  t o  be issued i n  the near future.  As o f  now, 

the cost o f  the so lar  co l lec to r  would be added t o  the house and the insurance 

premium based on the replacement value o f  the t o t a l .  

Nationwide lnsurance was contacted.at i t s  But ler ,  PA.of f ice.  The comments o f  a 

Mr .  Fu l ler ton,  a salesman, were. siini: lar t o  those made by. the Aetna representa- 

t i ve .  Spec i f ica l ly ,  Ful ler ton,  sa id  tha t  b r i ck  and frame construction were the 

on ly .  two determinants f o r  in.s:urance rates, that  roof  construction does not 

a f f e c t  rates. The value o f  the RPM would. be added t o .  the value o f  the .:house 

rather than valued as a separate en t i t y .  We were.then re fer red t o  the In- 

surance Services Office. 

  he lnsurance Services Of f i ce  (i.1.S.O.) of Pennsylvania, Pi t tsburgh o f f i ce ,  was 

contacted.  hey descr ibed t h e i r  servtces as a ra t i ng  bureau that  inspects a1 1 

commercial propert ies o r i l y a n d  keeps- f i les of rate.cards t o  which insurance 
. . 

compani es have access. 



Further  in format ion  was sought a t  the  IS0 Home Off ice i n  Pb.i ladelphia. A 

gentleman there brought up the p o i n t  th.at he' thought s o l a r  c o l l e c t o r s  might be 

insured e i t h e r  as p a r t  o f  ' the  s t ruc tu re  o r  separate ly  as a rider attached tc 

t he  po l  i c y  but  would most l i k e l y  be t rea ted  as p a r t  of . t h e  s t ruc tu re .  This 

op in ion  i s  cons is ten t  w i t h  those o f  ~ e t n a ' a n d  Nationwide. 

Phi lade lph ia  IS0 pointed '  out  t h a t  c e r t a i n  appurtenances on. residences, such as 

e laborate t e l e v i s i o n  anntennae, are insured by means o f  a r i d e r  t o  the  home- 

owner's pol icy'because' o f  t h e i r  suscept i .b i l i t ' y  t o  wind damage. Th is  might  be a 

c lue  t o  how a standoff  o r  rack.mounted RPM might be t reated.  

~ 
The next source was the  American.lnsurance Associat ion i n  New York.   he'^ could 

o f f e r  no. informat ion- ,  bu,t d i rec ted  us t o  the'Nationa1 Headquarters, I S O ,  and a . . 

M r .  Frank ~ a s o .  

M r .  Caso s'tated t h a t  . so la r  systems were discussed . i n  ..cornmi t . tee a year ago. I t  

was determined t h a t  a d d i t i o n a l  exposure o f  c o l  l e c t o r s  on a roo f  could be a 

fac to r ,  i . e l ,  add i t i ona l~exposure  t o  wind; h a i l ,  and the  added wetght on the, 

I roo f  s t ructu ' re could cause collap'se: But a t  t h a t , t i m e ,  they f e l t  t h a t  not  

I enough systems were i n  use t o  make any ki.nd ' o f  a recommendation. Instead, he. 

f e l t  t h a t  the  added' cos t ,o f  . t he .  system would. be inc luded i n  the  value o f  the 

house and t h i s  would be s u f f i c i e n t  t o  cover the added r i s . k . the  system would 
, . 

I involve.  , .  * .  

Based on cur rent  info.rmation, i t  appears' t h a t  the insurance indus t ry  has 

assumed .a wai t-and-see posture. 'As s o l a r  co l  l ec to rs  o f  var ious types come 

i n t o  more common usage, .precedence w i l l .  be es tab l ished t o  a i d  insurance com- 

panies i n  determining . . t he  r i s k s  invol:ved'.iri- a roo f  mounted' s o l a r  c o l  l ec to r .  

Cur rent ly  , insurance rates are determined by.' i  nc luding t h e  cos t  o f  a c o l  l e c t o r  

a r ray  w i t h  the  cost  o f  the  house and basing the  ra tes  on the t o t a l  cost.  One 

v a r i  a t  ion whi ch was sugbeited a n d  appears poss i b l e  i s t h a t  s o l a r  c o l  l e c t o r s  may 

someday be insured by means. .of a. r i d e r  t o  the  bas ic  pol  i cy ,  i'f experience 

, proves t h a t  repai r and replacement costs cannot be supported by the  one-cost 

system. No l i m i t a t i o n s  now,ex i s f .on  ma te r fa l s  used.as components i n  RPM, a t  , 
i l eas t  no 1 i m i t a t i o n s  based on decfs'i.ons made' by the  insurance. industry.  In 

any event, a t  t h i s  time, r o o f i n g  m a t e r i a l s  do not  appear t o  have any 'bearing on '.. 



the rates charged for insuring a home, 



APPENDIX 12. .STUDIES APPROACH 
. .  - 

PURPOSE: A comprel~ensi've approach was es tab l ished i n  order  t o  f a c i l -  

i t a t e  the undertak ing of  the  s tud ies  i n  the  f o l l o w i n g  

appendices., ' 

CONCLUSIONS: The most .appropr ia te  approach f o r  the s tud ies  was t o  i so-  

l a t e  the module design, i.e., t o  e s t a b l i s h  a g iven module 

des,i.gn. By tak ing  t h i s  approach, however, changes i n  

module des,lgn and t h e i  r associated e f f e c t s  o n  o ther  design 

requ i rements cannot be r e f l e c t e d  o r  accounted f o r .  

RECOMMENDAT I ONS: Thi s .appendi x shoul d be read and understood before  ap- 

proaching the remai n ing  appendi ces, as the assumptions made 

here d i rec ' t l y  in f luence the r e s u l t s  obta ined i n  the  f o l -  

1 owing s tud ies  sect ions. 

I NTRODUCT I ON : 

The approach taken on the s tud ies  sec t i on  of  t h i s  cont rac t  i s  no t  nea r l y  as d i s -  

c ree t  as might be assumed.  ath her', a more dependent o r  1 i near approach was 

used. A m a t r i x  was developed t o  i d e n t i f y  a l l  o f  the  poss ib le  a r ray  op t ions  
2 

us ing a g iven 1,000 f t  ar ray  w i t h  a.220 v o l t  dc output .  The opt ions ,  as pu t  

f o r t h  i n  the m a t r i x  inc lude a r ray  dimension r a t i o ,  which w i l l  a f f e c t  support,  

waterproof ing and w i r i n g  costs; a r ray  mounting types, and the ac tua l  module con- 

s t r u c t  ion. This  ma t r i x ,  shown i n  F igure 12-1 , produces 1,536 separate module 

a,rray opt ions t o  study -- f a r  t o o  many f o r  the scope o f  t h i s  study. I t  was 

decided, there fore  t o  i s o l a t e  and e s t a b l i s h  the module design. Once done, the  

s tud ies  were undertaken as described i n  the f o l l o w i n g  paragraph. 

Various panel s izes  were i d e n t i f i e d  as " f i r s t  cut"  o r  bas ic  s izes  use fu l  t o  

address the  a r ray  area and vo l tage r e s t r i c t i o n s .  These.various panel s izes  
2 

.were then arranged imto 1,000 f t  arrays. (See Figures 12-2 .and 12-3) These 

arrangements a l l o w  care fu l  study o f  the costs associated w i t h  each module, 

panel and a r ray  conf igura t ion .  I n  a d d i t i o n  t o  the ' va r i a t i ons .  on module, panel 

and ar ray  s izes  t h a t  a f fec t  module design c h a r a c t e r i s t i c s ,  there  w511  a l s o  be 

numerous r e s t r i c t i o n s  placed on the  s o l a r  photovol t a i c  module due t o  i n teg ra -  



PANEL STUDY MATRIX 

FIGURE 12-1 ' 



ARRAY CONFIGURATIONS 48" x 48" PANEL MODULE 

FIGURE 12-2 
I . I 12-3 c t i  I , I f )  I 



ARRAY CONFIGURATIONS 32'' x 96" PANEL MODULE 

F I G U R E  112-3 



I t i o n  o f  the array w i t h  the bui ld lng.  We have addressed these by t den t l f r i ng  

I four generic mounting configurations. which represent th.e po ten t ia l  r es t r t c -  

1 t i ons  forced by the module. . '  

The conclusions coming out o f  the studies depend on the way i n  which the panel 

o r  shingle module i s  incorporated i n t o  the res iden t ia l  desfgn. There are 

bas i ca l l y  four d i f f e r e n t  techniques t ha t  def lne the f u l l  range o f  posstble de- 

t a i l i n g .  Each has i t s  awn p a r t i c u l a r  r es t r i c t i ons  and requirements, and ad- 

vantages and disadvantages. These mounting types are: rack mount, standoff  

mount, d l  rec t  mount and in tegra l  mount. Each of these mounting types may 

impose spec i f i c  design requirements on the photovo l ta ic  module. It i s  pos- 

s i b l e ,  therefore, t o  design a module around a given mounting type. It i s  a lso  

possib le t o  design a module t ha t  can be u t i l i z e d  i n  a l l  four  mounting types. 

It w i  11 be necessary for . the manufacturer t o  do a detai  led mounting type cost 

analysis t o  determine  ether he designs the module around the mounting type 

o r  designs a universal module f o r  a l l  mounting types. 

I 
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APPEND l x 13 MOUNT I NG CONFI GURAT I ONS 

PURPOSE: Four gener ic  mounting types were es tab l ished i n  order  t o .  

perform the studies i n  the  fo l lowimg appendices. The 

mount i'ng types i n c l  ude rack mount i ng , standof f  mounting , 
' 

d i r e c t  mounting, and' i n t e g r a l  mounting. 

CONCLUSIONS: A l l  module designs can be c l a s s i f i e d  i n t o  one o f  the  four  

gener ic  mounting types o r  a combination o f  those types. 

Each mounting type has i t s  own set  'of design requirements. 

The rack-mounted ar ray  i s  most s u i t e d  f o r  f l a t  roofs. The 

maximum r e a l i s t i c  s l a n t  he ight  o f  the rack-mounted a r ray  i s  

16 ft. Aesthet ics w i l l  p lay  an important r o l e  i n  the  

mounting o f  r e s i d e n t i a l  roo f - top  arrays. Ground-mounted 
. I 

a r rays may pose zoning ordinance problems and requi r e  

fences. D.i r e c t  mounting a1 lows f o r  a broad. v a r i e t y  o f  

module design p o s s i b i l i t i e s  f o r  both a r c h i t e c t u r a l  and 

engineer ing ' so lu t i ons  t o  photovol t a i c  usage i n  r e s i d e n t i a l  

app 1 i cat ions  . I n teg  r a  1 1 y-moun ted  arrays (by . the rep 1 ace- 

ment o f  r o o f i n g  mater ia ls )  may r e a l i z e  cost c r e d i t s  o f  as 

much as $3.00 per  square foo t .  However, p o t e n t i a l  problems 

with'  uneven heat ing  o f  the  ar ray  may. occur. . . 

RECOMMENDATIONS: saut ion must be taken dur ing  the design phase. o f  residen- . 

t i a l  modules t o  ensure the proper use o f  t he  module i n  

one o r  a l l  o f  the  gener ic  mounting types. 

D e t a i l s  f o r  t he  f o u r  mounting types have been developed and are  seen i n  Figures 

13-1, 2, 3 and 4. Several important assumptions were made i n  order  t o  develop 

adequately the fou r  gener ic  mounting types. F i r s t , .  t he  rack and s tando f f  moun- 

ted  modules need not form a w a t e r t i g h t  membrane, and the  d i r e c t  and i n t e g r a l  
. . 

mounted modules wi 11 be requi red t o  form a w a t e r t i g h t ,  membrane f o r  the  bu i  1 d ing  

s t ruc ture .  Secondly, the rack and d i r e c t  mounted systems can be used t o  sup- 

p o r t  modules not  capable o f .w i ths tand ing  normal roof loads, w h i l e  the  modules 

, used ' i n  s tandof f  and i n t e g r a l  mountings must.have the  s t r u c t u r a l  c a p a b i l i t y  t o  

take such b u i l d i n g  roo f  design loads. Th i rd ,  a l l  module designs could be c las-  

s i f i e d i n  one o f  the  f o u r  gener ic  mounting types. As prev ious ly  mentioned each 

13-1 
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of the  mounting types has i t s  own benef i ts  as w e l l  as disadvantages. The f o l -  

lowing describes each o f  the  mounting types: 

1'. , Rack Mounting: By using a rack mounted pho tovo l ta i c  array,  the  

designer has some f l e x i b i l i t y  i n  the  l oca t ion  o f  t h a t  array. The 

rack mounted ar ray  can be located 'on  the  ground away from the 

residence o r  on the  roof of the  residence. Th is  mounting type might 

a l so  a l l ow  f o r  the  change of t i l t  angle from s i t e  t o  s i t e  and from 

season t o  season. This technique a l s o  a l lows f o r  s t r u c t u r a l  inde- 

pendence of the  module. Mainly, the module can be designed f o r  the  

. minimum amount of s t r u c t u r a l  r i g i d i t y  (i .e., resistance. t o  dead 

loading . . and wind u p l i f t s )  and i n t e g r i t y ,  thus r k d ~ c i n . ~  the  cost  o f  
. . ,  . . . 

, .. * 
. . 

A .  
. . 

. . . ,  . . . , . . ..* . . .  . . , ., . . . . 

STAND OFF AND RACK MOUNT . . 

F l  GURE 13-2 ' .. . . . .' . . . .  . . 
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the module i t s e l  f. Becaus;e. of easy accesstbi  1 ? ty., maintenance and 

i n s t a l l a t i o n  of the  module and i t s  e lec t r i ' ca l  connecttons can be made 

q u i c k l y  and w i t h  r e l a t t v e  ease;a l low?ng f o r  r e d u c t k n  ?n both tn- '  

s t a l  l a t i o n  cos ts  and maintel l ince costs.. 

There.are,  however, gome ser ious drawbacks. t o  rack mounting . . of PV 

arrays. S t ruc tu ra l  costs f o r  the supports increase as the  he ight  

o f  the ar ray  increases. .Th.is w i l l  cause the  maximum rea l  i s t  i c  s l a n t  

he ight  o f  the rack mounted arrays t o  be on the  order  of 16 ft: Rack 

mounted.modules a t  grade leve l  are a l so  suscept.ible . t o  damage and 

could create a safety. hazard. Ground mounted arrays.may pose land 

a v a i l a b i l i t y  problems, as w e l l  as loca l  zoning ordinance problems. 

I t  may be necessary, there fore ,  t o  i n s t a l  1 fences around ground 

mounted arrays,  caustng a d d i t i o n a l  cos t  t o  the  system. 

While ground mounted arrays pose speci'al problems, roo f top  i n s t a l l ' a -  

t i o n s  o f  rack moun.ted modules a l so  have the i ' r  own inherent problems. 

Upon c lose i nspect ion. o f  t he  appl i cat  ions where roo f  "mounted rack 

type arrays can be used, f i v e  conf igura t ions  can be i d e n t i f i e d  as 

seen i n  F igure 1.3-5;-E.xamining these f iwe d e t a i l s  more close.l'y,. i:t 

becomes apparent . t ha t  the l a s t  de ta i  1 f o r  the  f l a t  roof rack mounted 

a r ray  becomes the  on ly  reasonable choice f o r  a 1,000 f t S 2  rack 

mounted array. This choice i s  apparent f o r  several  reasons. F i  r s t ,  

because of . t h e h e i g h t  r e s t r i c t i o n s ,  i.e., a e s t h e t i c  and s t r u c t u r a l  

1 i m i t a t i o n s  requi r e  t h e  rack does not  exceed 16 ft,space becomes a 

l i m i t a t i o n  f o r  r e s i d e n t i a l  roo f top  app l i ca t i ons .  Secondly, added 

mater ia l  costs assocTated w i t h  the o the r  de ta i  1s f o r  roof rack- 

mounted arrays wi.11 d r i v e - t h e  i n s t a l l e d  costs above those f o r  o ther  

type mounting systems. T h i r d l y ,  aes the t i c  a c c e p t a b i l i t y  i s  impor- 

t a n t  i n  r e s i d e n t i a , ,  app l ica t ions .  These rack mounted rooftop arrays 
i/ 

g i v e  a tacked-on appearance and are, g ross l y  ou t  of p ropor t ion  w i t h  

respect t o  r e s i d e n t i a l  des.i.gn. Fur ther ,  A-frame type d e t a i l s  w i l l  

impose extremely la rge p o i n t  loads on tha roof framrng system. Th is  
. . 

would requ i re  s izeab le  tncreases i n  roo f ing  membe.rs and a severe cost 

pena 1 t y  . 
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An example rack was des i gned t o  do detai  l.ed cost i ng studies around. 

Th is .  rack can' be seen tn Figure 13-6. these .costs were'.generat.ed .around 

both t h e ' r o o f  mounted and the.ground mounted rack using both wood and 

s tee l  f o r  the s t r uc tu ra l  members. It w i l l  .be shown : i n  l a t e r  sections 

t ha t  w b d  i s  far '  less expensive than s tee l  for  t h i s  type of appl ica-  

t ion.  Not only is. cost .an i'mportant consideration., but  since ' t h i s  i s  

a res iden t ia l  appl i .cat ion, the mater ia ls  used shou1.d be compatible 

w i t h  standard res;denti.al prectrces. 

2. . Standoff Mount. Elenents. tha t  separate modules from the roof surface 

o r  wal l  are known as standoffs. By support ing the module away from 

the roof surface, a i r  and water can pass f ree ly  under the' module, 

minimizing problems of mildew and roof  leakage. Th i , s .w i l l  a i d  i n  

cool ing the photovol ta ic module, thus improving module ef f ic iency.  

I n  the event of a r e t r o f i t  appl fcat ion,  t i l t  angle can be optimized 

w i t h  the use of standoffs, thus e l im ina t ing  t o  an extent  dependence 

on roof p i t ch .  Standoff modules wi 11 requi're si'mi'lar resistance t o  

dead loading and w i  nd up1 i P t  loading as d i  d rack mounted modules, 

hawever,-the s t r uc tu ra l  and land requirements may 'not be as s t r ingen t .  

By u t i l i z i n g  ,a frame which has s t r uc tu ra l  i n t e g r i t y ,  module i n t e g r i t y  

can be minimized and module manufacturing costs wi 11 then be reduced. 

Because o f  the close prox imi ty  o f  the module t o  the roof, maintenance 

w i l l  be more d i f f i c u l t  than i t  was wi ' th rack mounted arrays. However, 

t h i s  s l i g h t '  . . i n s t a l  l a t i o n  disadvantage. wi 11 not outweigh .the reduc- 

t i o n  i n  mater ia ls and i n s t a l l a t i o n  labor costs incurred 'by these 

standoff mounts. over the rack mounted array. A comparison o f  labor 

and mater ia ls  ,costs for  the standoff mounted module and the rack 

m.ounted module canbe  seen i n  t h ~ c o s ~  analysis sections (Appendix 14). 

I t should be' noted that  ne i the r  the rack mounted nor the standoff  

mounted array requi res waterproofing, f o r  net ther  ac'ts as a water- 

t i g h t  membrane over the roof  st ructure.  
. . 

3. D i rec t  Mount. Ins ta l1a t ion :o f  d i r e c t  mounted modules. is. accomplished 

by an'choring the modu1es:'to.. the roof. The use of t t i t s  mounting tech- ' 

- nique e 1 i m i  nates the need. for .  addt t  tve s t ruc tu ra l  suppcjrts, The 
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modules w i l l  be placed on the.waterproof membrane.which i s  already on 

top of the' roof sheathi,ng. There w i  1 1  be .a  need for  .module-to-module 

and array perimeter waterproof . . ing  and, therefore, the array' w i  11 act  
. .. 

as a waterproof membrane. ' T R . ~  s' ' is. necessary 'in order . t o  assure water 
. . . , .  . . 

does not c b l l e c t  ui-tder'ttie,mod"le.$ causl,ng mildew and. rott i ,ng problems. 
. . 

There w i l l ,  also, be  a mln ina1~ '~cred i t  for repl&emnt o f  some roof ing 

mater ia ls.  .. ,. 

. . . . '  

Because o f  the d i r e c t  mount s y s t m t s  inherent contact w l t h  the roof, 

three major problems w i l l  ex l s t .  ~ i . ' r . s t ,  cool'ing o f  t h i s  type module 
~. 

w i l l  be a problem,.'for on ly  the top surface w i l l  be cooled by con- 

vect ion,. ~ h l s  W E  11 ,  o f  course, decrease the module e f f  lc iency. 
. . ,  

Second; ti l e c t  r i ca l  connect ions must Ek o f  a v e r y  un lqbe type because 

the back surface of the module w i l l  not  be exposed f o r  interconnecting 

purposes; because of this,.  new and tnnovative techntques need t o  be 

developed f o r  e l e c t r i c a l l y  sonnet t i "g ' the ie  modulks. Third,  mainte- 

nance w i l l  be a problem, f o r  the replacement o f  modules.wil1 be more 

d i f f i c u l t  as interconnects and attachments w i l l  be d i f f i c u l t  t o  

access. W i  t h  the modules mounted d i  rec t  l y  t o  the. roo f '  surface, 

module t i  1 t i s ,  therefore, dependent upon' roof p i t c h  and requi res 

the roof  be designed accordingly. 

This mounting type al lows f b r  a ' b r i a d  va r i e t y  o f  modu1.k deslgn pos- . . .  
s i  b i  1 i t  i e i .  .The d i  rec't mounted module may be as t yp i ca l  as 'a standard . . 

f l a t  plate'  mo'dule o r  as spec i f i c ' as  a sh ing le  type module. Though 

these t w o  examples are extreme cases, both a i e  indeed examples o f  

d i  rec t  mounted. photovol t a i  c devices. The i ' n i w a t l v e  designer w i  1 l., 

therefore, be able t o  a r r i v e  a t  many unique solut1.ons t o  .the design 

problem o f  res iden t ia l  photovol ta ic modules for  d l r e c t  mount app l i -  

cat ions. . . .  . 

4. In tegra l  Hount. tntegral  mounttng . . places the module v i t h i n - t h e  roof 

construct lo" i t s e l f .  ~ o d u l e s  :are attached t o .  and. supported by the 
. . 

roof s t r uc tu ra l  .framing members and serve as the f in ished roof- sur- 

face. C r e d i t s o f  approximately $0.94 per sq.Pt. t o  $3.43 per sq. ft. 
. . . 8 ,  

may be.  rea l ized by the. replacernent.of the roof..sheathing and shingles 



. . 

by the  integrated'module. However, due. t o  the  s-tructura.1 support 

given by the roof.sheatRing, removal .of .  t ha t .  roof.  s.b.eathing w i l l '  re- 

qui  r e  addi t i 'onal s t r u c t u r a l  .support.  Ge'.g.iven t o .  the .  roof.  f r& lng  sys- 
. . 

tem. Therefore,:the above ment Toned cost  c red i  t s . w i  1 1 be reduced ac- 

cord ing ly .  Watert,Tghtness i s . c r t t i c a 1  t o  avoid problems of water 

damage and mildew; E l e c t r f c a l  connecttons. and maintenance, if r e -  

qu i  red, can be made from .the a t t  tc area. o f  the  r e s l  dence p r w l d e d  the 

modules'are not  attached.above..a,cathedral c e i l i n g  (a cathedral c e i l -  

i ng  i s  an area o f  the roof .where a f i .nished ce i ' l ing  i s  app l ied  t o  the 

bo.ttom o f  the  s l.oQing roo f ,  ra f te rs ) .  As. wi.th the  d i  r e c t  mounted mod- 

u le ,  the  i n t e g r a l  mounted module's. t i l t  angle i s  determined by the 

roof p i  t c h  and aga5.n . requ.i res the  roof t o  be designed. according 1 y. 

Likewise, module area i s  r e s t r i c t e d  t o  the  roo f  area. Modules t o  be 

used i n t e g r a l . 1 ~  must be constructed t o  the  standard b u i l d i n g  t o l e r -  

ances. Because the ar ray  now becomes .the roof  s t ruc tu re ,  modules 

must be designed t o  wi thstand a l ' l  1 ive . loads t h a t . a r e  spec i f i ed  f o r  

r e s i d e n t i a l  app l ica t ions .  Th is  mounting technique al lows f o r  vent ing  

o f  the back s ide o f  the module. However, uneven heat ing  o f  the ar ray  

may occur i n  the event t h a t  improper vent ing  occurs i n  t h e . a t t i c  space. 

Th is  problem may stem from improper packing o f  i nsu la t i on ,  dead space, 
. . 

o r  improper v e n t i l a t i n g  d e t a i l i n g .  A s o f f i t  t o  r i dge  vent system i s  

recommended as seen i n  F.igure 13- 7. This heat ing problem requi res 

add t t i ona l  study i n  order  t o  .determine the s e v e r i t y  and probable 

so lu t i ons  t o  the problem. 





I APPEND l X 14 MODULE/PANEL S l ZE AND SHAPE COST ANALYS l S 

PURPOSE: Examinat ion o f  t h e  s i z e  and shape o f  module/panel as 

e f f e c t e d  by t h e  r e s i d e n t i a l  b u i l d i n g  i n d u s t r y .  A lso  exam- 

ined  a r e  t h e  assoc ia ted  cos t s  o f  m a t e r i a l s  and l abo r  on 

i n s t a l l a t i o n  o f  module/panels. 

CONCLUSIONS: Panel s i z e  and shape should be o f  convenient  s i z e  t o  a l l o w  

ease o f  hand l ing  by one o r  two i n s t a l l e r s .  Module mounting 

type  a l s o  e f f e c t s  s i z e  and shape, and a module s i z e  o f  32" 

x 96" appears t o  be an a p p r o p r i a t e  s i z e  f o r  use i n  t he  

r e s i d e n t i a l  market. Exc lud ing r o o f  c r e d i t s ,  i n s t a l l a t i o n  

cos t s  a r e  t he  l e a s t  expensive f o r  d i r e c t  mounted modules 

(see Appendix 16 f o r  f i n a l  c o s t s ) .  Examinat ion o f  rack  

mount ing i n d i c a t e s  s t e e l  as a s t r u c t u r a l  suppor t  i s  p ro -  

h i b i t i v e l y  expensive. A maximum w i d t h  o f  40" and 50 t o  60 

lbs .  would be adhered t o .  

RECOMMENDATIONS: I t  i s  recommended t h a t  f u r t h e r  s tud ies  be undertaken t o  es- 

t a b l i s h  t h e  optimum s i z e  o f  r e s i d e n t i a l  p h o t o v o l t a i c  modules. 

Much des ign work i s  r equ i red  t o  e s t a b l i s h  an optimum module 

des ign which incorpora tes  t h e  inexpensive i n s t a l l a t i o n  

techniques o f  a d i r e c t  mounted module and t h e  cos t  c r e d i t s  

achieved by us ing  an i n t e g r a l l y  mounted module. 

l NTRODUCT l ON 

There w i l l  be many f a c t o r s  which w i l l  i n f l u e n c e  t h e  i n s t a l l a t i o n  and m a t e r i a l s  

cos ts  w i t h  regards t o  p h o t o v o l t a i c  modules. These f a c t o r s  i nc l ude  mounting 

type, p a r t i c u l a r  d e t a i l  used f o r  each mounting type, panel s i z e  and module s i ze .  

Other f a c t o r s  which may i n f l u e n c e  these cos t s  a r e  module vo l t age  and t e rm ina l  

l o c a t i o n .  These l a t t e r  t o p i c s  w i l l  be discussed i n  Appendix 15. 

I n  o rde r  t o  accompl ish t he  t ask  o f  c o s t i n g  m a t e r i a l s  and l abo r  f o r  i n s t a l l a t i o n  

o f  PV modules, i t  was necessary t o  make severa l  assumptions. F i r s t ,  t he  panel 

s i z e  was e s t a b l i s h e d  a t  32" x 96" and 48" x 48". A f u r t h e r  breakdown o f  panel 

s i z e  inc luded  t h e  i n v e s t i g a t i o n  o f  16It x 24" and 16" x 48" modules con f igured  

i n t o  t he  above mentioned panel s izes.  Reasons f o r  choosing these panel s i zes  

a r e  discussed i n  t he  f o l l o w i n g  sec t ions .  Secondly, knowing t h a t  f o r  each 
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mounting type there  i s  v i r t u a l l y  an i n f i n i t e  number o f  poss:ible designs re la -  
. . 

t ed  t o  edge d e t a i l s ,  i:t becomes necessqry t o  def ine module edge detai; ls f o r  
. . 

each mounting type. Many deta i  1s were exami'ned; Fiowever, due t o  t h e  t ime re- 

I quirements f o r  t h i s  study, one d e t a i l  f o r  each mounttng type was es tab l ished 

f o r  the  cos t ing  analys is .  These. d e t a i l s  re la ted.  t o .  th.e s p e c i f i c  r&quiremen'ts 

o f  each mounting type and. cos ts  fcr mate r ia l  and labor  f o r  i n s t a l  l a t i o n  were 

generated. Figures 13-1,  2, 3 and 4 sh& d e t a i l s  of the  edge mountings 
, . %  

s tudied.  Costs were generated using values from Means.Bui l d i n g  Cost Data [ I ]  and 

B u i l d i n g  Cost F i l e  [2] f o r  materi 'a ls used i 'n module framing and mounting sys- 

tems and t h e i r . i n s t a l l a i i o n .  As PVmodules are not  inc luded i n  these cos t i ng  

I . . 
cata logs,  i n s t a l l a t i o n  costs f o r  g laz ing  panels were used. T h i r d l y ,  i t  was 

I assumed t h a t  each mounting type w o u l d , . u t t l i z e  i d e n t i c a l  modules, i.e., the same 
. .  

module cons t ruc t i on  would be used i:n each of the  framing techniques. ' I t was 

necessary t o  make these assumptions. i n  order  t o  e l i m i n a t e  t h e  l i t e r a l l y  

m i l l i o n s  o f  p o s s i b i l i t i e s  t h a t  could be generated f o r  .module design conf igura- 

t ions. 

PANEL S I Z E  AND SHAPE EFFECT ON COST OF INSTALLATION 

The r e s i d e n t i a l '  const ruc t  ion  industry,  as an average, possesses a rather '  reduced 

degree o f  te'chnology i n  equipment., ma te r ia l s  and methods used t o  manifest a 

p a r t i c u l a r  a r c h i t e c t u r a l  so lu t i on .  Construct ion costs wi 1 1  r i s e  and fa1 1 ' 

r e f l e c t i n g  the degree o f  complexity,  fami l-i a r i  t y  w i t h  the task requi red, and 

departure o f  mater ia ls  requ i red  f o r  t h a t  task from commonly used indus t ry  

accepted s izes and shapes. The PV m ~ d u l e / ~ a n e l  must, therefore,  be uncompl i - 
cated and v e r s a t i l e  i n  s i z e  and shape t o  a l l ow  adaptation t o  these so lu t i ons  wi:th 

optimum expenditure o f  labor  and mate r ia l s .  It fo l lows,  then, t h a t  t h e  panels 

must a l s o  i n t e r f a c e  w i th 'accepted const ruc t ion  i ndus t ry  m a t e r i a l s  and dimensions. 

The f o l l o w i n g  are  based on these assumpttons. 
. . 

. Panels must be easi: ly handled b y o n e  o r  two workmen. 

. In teg ra l  mounted panels must.adapt t o  commonly. used materials and 
f rahi ng dimensrons. 

Panel w i l j  be i n t e g r a l p a r t . o P  a n  optimum r e s i d e n t t a l  a r ray  s i z e  o f  
1,000 f t .  - 22.0 v o l t s  dc. 

. Size o f .  g lass cover/s:uperistrate must be w i t h i n  1 Fml.ts o f  g lass manu- 
. . 



. , 

Whe're possib le,  i t  would be advantageous. t o  cove r ' t he  n0s.t area w i t h  
the ' 1eas.t e f  Port'. 

S ize 'and shape can have a s ? g n i f i c a n t ' i m p a c t  on the PV panel i n s t a l l a t i o n .  The 

PV module/ganel was- inves t iga ted t o  determine the  most appropri.ate standard 
. . . .  

s i z e  t o  g i v e . t t i e  t o t a l  a r ray  the  increased f l ex t621 , i t y  and c lose r  cornpatabi l i ty  

w i t h  e x i s t i n g  b u i l d i n g  prac t ices . .  P.iinary. considerat i .on w i t h  regard t o  s i z e  

and to le rance can be determined tiy.'examini'ng cur rent  g1azi.n.g system techniques 
. . 

and requirements. Commonly, econoriic constderat ions are the  d r i v i n g  force f o r  

t he  p rac t i ced  dimensions f o r  g laz tng systems, The best  economies, as w e l l  as 

the  most widespread.appl?cat?on o f  pho tovo l ta i c  panels, may be rea l i zed  by ._ : : .I. . . .: . . . 

c l  bse adherence t o  cur rent  g 1 az ing module sizes. 
. . 

The obvious f i r s t  choice would be t o  make the  panel as la rge as poss ib le ,  

approaching the  t o t a l  a r ray  area as the  l l m i t .  Thts would, however, be an ex- 

tremely naive approach. a an dl lng,  weight, and f l e x i b i l i t y  t o  v a r f a t l o n s  i n  

the  support ing surface would su,ggest a smal ler  panel .. Most r e s i d e n t i a l  tasks 

are accomplished by o n e . o r t w o  men, each w i t h  a hand-to-hand comfortable g r i p  

span o f  36 t o  40 inches and i n d i v i  dur 1 1 'i f t h g  capaci t y  o f  50 t o  60 pounds, as can 

be seen i n  F,igure 14-1. Th,is, would suggest , . f o r  ease o f  hand1 ing, shipptng and 

i n s t a l l a t i o n  tha t .each P,V'.panel o r  bundle o f  sh ing le  type modules be w i t h i n  

these 1 i m i  t s ,  t h a t  is, ,  w i t h  a' maximuin 40'.' dimension i n  a t  l eas t  one d i r e c t i o n .  

' F igure 14-1 



I f ,  f o r  example,, glass 'were t o  be used as a superstrate mater ia l ,  the primary 

l i m i t a t i o n  i n  the panel becomes the'cove'r i . t se l f .  The present l im i t a t i ons  o f  

the glass industry w i l l ,  h e n ,  i 'nfluence s ize  and shape o f  the panel; By ex- 

amining Tab;le.'l4-1, the'maximum avai lab le , 's ize o f  various types and thicknesses 

o f ' g l a s s  can be determined,, ,A . f i . r s t  approximation. o f  maximum glass area under 

a given wind loading cond i t ioncan  be obtained from Figure 14-2. An opt imi-  
... 

za t ion  stuciy can be performed t o  .determine the glass s ize and thickness which 

w i  1 1  r e s i s t  approximate1.y 38 psf of wind'' loading,-.which w i  11 exceed a l l  nat ional  
, 

bui l d i  ng code requi rements whi.le mi nimizing . . glass t ransmi ss ion losses and 

cost. Returning t o  ~ i ~ u r e  14-2 i t  can be seen that  under 38 ps f  wind loading, 

glass areas can be 12, 20 .o r . 3d  ft.2 f o r  118, 3/16 and 1/4". th ick glass respec- 

t i v e l y .  . . .  . . 

Another i tem which now must be considered i s  standard bu i  ld lng  dimension'al 

requirements f o r  residential.applications. ~ o s t ' o f  these f a l l  w i t h i n  three 

groups : 16, 24 and 36 inch .nomi.nal ly .  I t may be advantaggous f o r  the module 

manufacturer t o  fabr icate  one. s k e  module which can be used un iversa l l y  i n  a l l  

mounting types. Only a f t e r  a comprehensive manufacturing cost ing analysis can 

t h i s  decision be made. ~ e c , o ~ n i z i , n ~  t h i s ,  the di.mensions of PV panels could be 
J 

one of these dimensions o r  a mu l t i p l e  o f  the same. This becomes p a r t i c u l a r l y  

important f o r  an in tegra l  o r  rack mounted array where each module would be 

nested w i t h i n  the framing of.. .a'roof struc.ture, . o r  inter faced w i t h  an adjacent 

roof  u n i t  covering. This 1imitat. ion may 'not app!,y as r i g i d l y  t o  d i r ec t  o r  stand- 

o f f  mounted arrays where array s t ructures may help.span. any roof  dimensional 
. . character is t ics .  

I As the scope o f  t h i s  contract addresses restdent ia l  photovol ta ic appl icat ions,  

cons i de ra t i on must be given , t o  pe'rsonne 1 , materi  a 1, and equi pment found on a 
. . 

r es i den t i a l  job s i te .  Typically,, the ma jo r i t y  of tasks undertaken on a res i- 

dent ia l  job s i t e ,  can. be-accompl i.shed . . by the '  use o f  one. o r  two men. Deviat ion 

from t h i s  may occur during. the ins ta l la t i .on  o f  pre-fabr icated roof trusses. 

These trusses may be placed w i t h  the use .of a crane. This operation wi 11 re- 

quir; a minimum of three men, ac rane  and a.craneoperator. Although ad- 

d i t i o n a l  manpower i s  required t o  i n s t a l l  the t russ system i n  t h i s  manner, 

the economies are favorable as the e n t i  re  system can be placed i n  only several 

hours. A s im i l a r  technique can be employed f o r  the i n s t a l l a t i o n  o f  photo- 
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v o l t a i c  panels. This would imply no l i m i t i n g  s i ze  requirements . . f o r  i n s t a l l a -  . . 
t i  on and . . hand1 ing. However, due t o ,  the h i g h  renta l  and 0perat.i ng costs o f  

cranes, the use o f  cranes on res iden t ia l  job s i t e s  must be kept ,  t o  a minimum. . .  . 
Should cranes be needed f o r  ho i s t i ng  panels t o .  roofs, the. photovol t a i cs  

modules must be designed f o r  rap id  ins tap la t ion.  Examining costs may provide . 

some i ns i gh t  t o  the module designer. Rental costs f o r  a crane and operator . 

w i  11 be on the order o f  $400 per day. Noting the need * f o r  , .  add i t iona l  . ground 

personnel, th is.  f i gu re  must be increased another $50 t o  $80 per day, b r ing ing  

. , the t o t a l  add i t iona l  cost t o  $450 t o  $500 per day. I f  the photovol t a l c  array 

can be i n s t a l l e d . i n  one day w i t h  the use o f  a crane, the t o t a l  add i t iona l  cost 

f o r  the system i n s t a l l a t i o n  would be compa;able t o  the a d d i t i o n o f  two, addi- 

t iona.1 construct ion personnel f o r  two' and ..a h a l f  t o  three days, I n  1 i gh t  o f  

t h i s ,  i t  i s  not economically advantageous to,  use cranes f o r  i n s t a l l a t i o n  un- 

less the operation can take place i n  one, day o r  when i n s t a l l a t i o n  wi thout  

cranes takes longer than three days. 

The panel dimensions can be determined using the above. described c r i t e r i a .  

Keeping i n  mind the requi rement fo r  comfortahle hand. t o  hand gr ipp ing span o f  

40", an ind iv idua l ' s  l i f t i n g  capacity o f  50 t o  60 pounds, coupled w i t h  the 

standard bu i l d i ng  dimensions.of .16, 24, and 36 inches nominally, suggests . . .  a 

module o f  32 inches nomtnally. This 32 inch dimension f i t s  we l l  w i t h  the 16 

inch nominally on center roof  truss. spacing,. a l l ~ i n g ~ e a s y  in tegra t ion  o f  the 

photovol ta ic panels onto o r  i n t o  the roof . .s t ructure.  : By f i x i n g  t h i s  dimension 

as the width, and considering the appropriate 1 imka t i ons  imposed by the glass 

industry technology, the.hei.ght dimension can now be.determined. I t  i s  a lso  

important t o  consider again the ease o f  handli'ng fo r  both shipping and i n -  

s t a l l a t i o n .  It should be noted that .one of the . larger.  res iden t ia l  bu i l d i ng  

components are the 4 b y ' 8  foo t  sheets o f  plywood. These plywood sheets are 

eas i l y  handled by one.workman. By choostng the .e igh t  . foo t  length for  the PV 

module, we can maximi'ze area b y s t l l l  allo.wing the workmen t o  e a s i l y  handle 

one un i t .  The standard module then becomes 32 by 98 inches naninal l y .  

~, . 

Having.establ ished a standard panel s ize,  i t  i s  now appropriate t o  examine 
. . 

t ha t  panel w i t h  respect t o  the four  establ ished mounting types. The fo l lowing 

assumptions must be made i n  order t o  f u l l  y analyze e f fec ts  each  of the mount ing 

types w i  1 1 have on the panel size. The f o l  lowing assumpt 10"s have been ,made: ' '  ' 



1. '' Rack Mount (ground o r  roo f  support)  
. "  . 

, , 

,.. ~ u i  table' s i t e  c h a r a c t e r i s t i c s  and so i  1 cond i t ions  t o  accept 
. . 

'91-ound mounied PV ar ray  can f i  gul-at ion. . 

. ~ b o v e  ground 1 i f t  i,ng t o  be 'accompl i shed by small crane o r  

l'adder h o i s t .  (see Figure 111-3) 

. Arrays must comply w i t h  l oca l  zoning laws w i t h  regard t o  he,ight, 

p roper ty  l i n e  setback and obs t ruc t i on  o f  views o r  v i sua l  access 

by adjacent r e s i d e n t i a l  u n i t s .  

. W a t e r p r o o f i n g o f a r r a y c o n n e c t i o n s w i l l  n o t b e a m a j o r p r o b l e m .  

2. Standoff Mount 

. Above ground l i f t i n g  t o  be accomplished by smal'l crane o r  lad- 
, . . , .  . . 1 .  . 

der h o i s t .  . 

. . Panels must be e a s i l y  handled by one o r  two men. 

. Panel must present favorable aspect r a t i o  f o r  convenient i n c l u -  

s i o n  i n  a 1,000 ft.*, 220 Vdc array.  

. Waterproof ing o f  a r ray  connect ions w i  I 1  not  be a major problem. 

. Approaches c lose ly  the considerat ions o f  a roo f  support, rack 

mounted array. . 

3. D i r e c t  Mount . 

. ~ a n e l s m u s t b e - ~ e a s i l y h a n d l e d b y o n e o r t w o m e n .  

. . L i m i t a t i o n  o f  s i z e  t o  t o t a l  area as a func t i on  o f  f l ammab i l i t y  

. . o f  PV'panel, ma te r ia l s  as s t i p u l a t e d  by app l icab le  b u i l d i n g  

code (s) . (see Code Review Appendix 3) : 
.. Panel must present favorable aspect r a t i o  f o r  e f f i c i e n t  i nc lu -  

, s ion  i n  a l , O O O , f t . ? ,  220 Vdc ar ray .  

. M i  ldew and r o t  under panel may be a problem. Panels can be 

. d i r e c t l y  fastened and f lashed t o  the  roo f  sheathing. 

4. ' integral Mount 

. P'anels wi 1 1  be nested w i t h i n  customary spaced roo f  f r im ing me!- 

bers. 

. Waterproof ing o f  a r ray  w i ' l l  be a major fac to r .  

' . Panels mus t be eas i 1 y handled' by one o r  two men. 
. , 

Using these :, .. assumptions an.d the above generated discussion. on' the  standard ' 

panel s ize,  considerat.ions can now be g i v e n . t o  the i n d i v i d u a l  mounting tech- 

n i ques . 



FIGURE 34-3 

Rack Mount 

Ground Support 

Resident ia l  s i zed  framing m a t e r i a l s  f o r  t h i s  type mounting genera l ly  

f a l l  w i t h i n  th ree inch t o  four inch s t e e l  angles.and 2 by 4 inch, 

2 by 6 inch, and 2 by 8. inch wood framing. The most e f f e c t i v e  i n -  

s t a l l a t i o n  would be;one w i t h  support ma te r ia l  being used t o  optirnurr~ 

safe spans and w i t h  a rninimum.number o f  foundations. To t h i s  end, 

i t  would seem.that .due t o  v i s u a l . a n d  access he ight  consideratfons, 

an 8 t o  10 foot  v e r t i c a 1 , h e i g h t  a r ray  would be a l i m i t .  It would 

fo l low,  then,:.that the  f i r s t  l i m i t i n g  dimension would be a func t i on  



o f  the s t r u c t u r a l  capac i ty  of  the P.V. panel subs t ra te  o r  supers t ra te ,  

o r  frame i n  the long dimension. Design wind loads, and probable 

module and panei cons t ruc t ions  should comtortably a1 low a span o f  

96 inches. This,  then, determines the d is tance between support 

p o i n t s  leaving the l a s t  dimension of  w id th  t o  e f f i c i e n t  use o f  the 

support '  s t r u c t u r e  ma te r ia l s  and connections. For reasons previous l y  

s ta ted  regarding. handl ing, l i f t i n g ,  v e r s a t i l i t y  and manufactur ing 

economy, a constant w id th  o f  40' inches should not  be exceeded. The 

w id th  could be determined more. c l o s e l y  depending upon. the method o f  

handl ing expected dur ing  shippi,ng and i n s t a l l a t i o n .  Compared costs 

f o r  ground supported racks us ing . . s t e e l  or,wood as a support m a t e r i a l ,  
. .  . .  ;,. . 

can be seen i n  Table 111-.3. Also inc luded i n  Table 14-12 i s . a  comparison 

o f  the  costs f o r  a 48 by 48 inch panel. I t  becomes q u i c k l y  e l i d e n t  

by examiniXg the Tables t h a t  s t e e l  :racks f o r  r e s i d e n t i a l  app l i ca t i ons  

are  economical ly disadvantageous. This ,  again, s t resses the need 
. 

t o  use convent ional r e s i d e n t i a l  b u i l d i n g  mater ia ls . .  -. 

F l a t  Roof o r  Deck.Support 

Many o f  the considerat ions mentioned i n  the above app l ies  f o r  t h i s  

type support. Howeve,r, because o f  e x i s t i n g  substruct.ures such as 

roo f  o r  deck f raming, , the  cost  and s i z e  considerat ions f o r  i-ack 

support foundations, s o i l  cond i t ions ,  e tc . ,  are no t  ser ious fac to rs .  

Capaci t ies and framing dimensions inherent  i n  the design consi dera- 

t i o n s  f o r  the roo f  o r  deck w i  1 1  impose t h e i  r own parameters on the  

pho tovo l ta i c  panel; I t  would appear, however, t h a t  the 96 inch  

length  l i s t e d  p rev ious l y  would remain v a l i d  f o r  t h i s  type mounting 

a p p l i c a t i o n . .  In te r fac i 'ng  the pho tovo l ta i c  panel w i t h  customary r e s i -  

d e n t i a l  f raming d.imensi'ons def ines the panel i a c k  s t r u c t u r e ,  namely 

t h a t  the rack support ing s t r u c t u r e  must be a m u l t i p l e  o f  the  16 i nch  

roo f  framing system. However, t h i s  does not  pu t  any s i z e  r e s t r i c -  

t i o n s  on the module. Size w i l l ,  there fore ,  be . r e s t r i c t e d  by 

handl ing d u r i n g . i n s t a l l a t i o n  and shipping.  I n  the  i n t e r e s t  o f  un i -  

formi t y  i t  i s  again. advisable t o  use the standaid 32 by 96 inch 
. . 

module. 

I t  can be seen by exami'ning Table 14-3 . t h a t  the rack mounted roo f top  



ar ray  wi 11  be more c o s t l y  than the ground mounted array.  Th is  i s  due 

t o  the increased costs o f  roo f  f l a s h i n g  mater ia l .  As w i t h  the ground 

mounted ar ray ,  wood framing would be the  most obvious choice f o r  

r e s i d e n t i a l  app l ica t ions .  

Stand O f f  Mount 

This type o f  support, al though freed from..the r e s t r i c t i o n s  o f  prop- 

e r t y  l i n e  setback, v i s u a l  access requirements and foundations, i s  

s t i l l  l i m i t e d  by the s i z e  o f  appropr ia te  roof area. Even though 

considerat ion need no t  be g iven t o  the waterproof ing o f  the  array,  

the s i z e  o f . the .pane1 determines how many penetrat ions o f  .the roof  

membrane are.  requi red f o r  mounting' support po in ts .  .For ' t h i s  

reason, considerat ion should be g iven t o  e i t h e r  the la rgest  p r a c t i -  

ca l  panel w i t h  a r i g i d  s t ruc tu re ,  o r  a more e labora te  support 

beam t o  span longer distance, i n  order  t o  minimize the roof.pene- 

t r a t i o n s  and, therefore,  the chance f o r  leaks. One o r  two workmen 

w i  11 s t i  11 have t o  handle the panel, probably w i thout  the  assistance 

o f  a, crane. It would seem t h a t  the 32 by 96, i nch  panel would be 

optimum since i t  prw. ides  a reasonable span i n  the  long . d i r e c t i o n  

under normal wind loading condi t.ions, and uses standard metal ex- 

t rus ions  f o r  s t r u c t u r a l  panel support. Although 1arge.quant i t ies  o f  

s t r u c t u r a l  mater ia l .have been e l im ina ted  by the  use o f  a standof f  

mounting type, the  costs. f o r  i n s t a l l a t i o n  are  s t i  1 1  h,igh. Th is  i s  

due t o  the labor costs requ i red  f o r  i n s t a l l a t i o n  o f  a 1,000 f t .  2 

array. Table.  14-3 shows .comparatfve. costs o f  ma te r ia l s  and i n s t a l -  

l a t i o n  f o r  a1 l mounting types.  associated w i t h  a 32 by 96 inch 

panel. Table 14-12 shows a s imi . la r  breakdown f o r  a 48 x 48 inch 

pane 1. 

3. D i  r e c t  Mount 

Opt imum areas o f  f l a s h i n g  o f  t he  panel t o  the  roof membrane wi 1 1  be 

a s i g n i f i c a n t  f a c t o r  i .n-determining the  si..ze o f  a panel i n  a system 
. . 

r equ i r i ng  waterproofi,ng. Although a panel mounted d i r e c t l y  t o  the  

roof  >urface e i t h e r  o n o r  c lose t o  the waterproof i,ng membrane e l  i m -  

ina tes  the need f o r  any.s.upplementa1 s t ruc tu ra l . f ram ing ,  i t  now 

requi res t h a t  the per imeter  and com'mon edge connect i'ons be water- 



t i g h t  o r  watershedding t o  prevent water from c o l l e c t i n g  under the 

panel and c o n t r i b u t i n g  t o  fungus, ; rot  o r  roo f  leakage. The panel 

design should be such t o  a l l ow  for.mi.nimum edge sea l i ng  and f lash-  

i n g  w h i l e  maximizing ac t ive .  area; easy i n t e r f a c i n g  w i t h  o ther  roo f ing  

ma te r ia l s ,  and easy handl ing by one o r  two workmen w i thou t  use of a 

crane. 

. , 

The des igne r .o f  a d i r e c t  mounted pho tovo l ta i c  module i s  i n  a unique 

p o s i t i o n  t o  design a new and innovat ive  product. Whi le c e r t a i n  e lec-  

t r i c a l  requirements, must be met, which. a re  s imi  l a r  t o  those requ i red  

f o r  a1 1 phot.0~01 t a i c  modules, s t r u c t u r a l  requi rements f o r  d i  r e c t  

mounted. modules a r e  very len i .ent  ...,, W i  t h  the  e x i  s t  i ng roof s t r u c t u r e  

a c t i n g  as, the s t r u c t u r a l  support f o r  t.he pho tovo l ta i c  panel, extreme 

s t r u c t u r a l  f l e x i b i l i t y  can be experienced. The s h i n g l e . t y p e  -photo- 

v o l t a i c  module i s  an exce l l en t  example o f ' a  design approach which 

addresses. the need o r  lack  o f  'need f o r  s t r u c t u r a l  r i g i d i  t y .  With 

the module being d i r e c t l y  at tached t o  the  s t r u c t u r e ,  t he  on l y  s i z e  

l i m i t a t i o n  p laced o n , t h e  module i s  the roof area. However, t o  

avo id  the. need. fo r  custom made pane ls ,  s i z e  must. be.def ined us ing  

o the r  c r i t e r i a . .  

The 1 i m i  t i ng  f a c t o r s  become shi.ppi ng and hand1 i ng concerns, and 

i n s t a l l a t i o n  concerns. I t  can, therefore,  be concluded t h a t  t he  

d i  r e c t  mounted module cou ld  range in . .s ize  from a small sh ing le  type, 

t o  a l a r g e  r o l l e d  type which could have th ree  t o  f i v e  foot  widths 

w i t h  va ry ing  lengths. .(.see Figure 14-4) This  l a t t e r  example does 

imply an extremely advanced technology, bu t .  does exempl i fy  the 

bt-oad-scope of design p o s s i b i l i t i e s  f o r  t h i s  type app l i ca t i on .  

I n  l i g h t  of  t he  requirements t o  make some cos t i ng  determinat ions,  i t  

was necessary t o  use ar;l example module. . .  A. convent ional f l a t , .  p l a t e  

module was used and edge d e t a i l s - w e r e  generated as seen i n  Figures 13-2 

t h r u  4. I t  can..be .seei; . . i~.Table 14-3 t h a t  .even w i t h  t h i s  v e r y  r e s t r i c t i ' v e  

approach, t he  o v e r a l l  i n s t a l l a t i o n ,  mater ia ls .  and - labor costs are 

considerably 1ower.than those i ncu r red  by us ing o the r  mounting types. 

These costs we.re generated f o r  both a 32 by 96 inch  an.d a 48 by 48 . . 



i nch  panel. No rea l  s i g n i  f ' i cant  cost  d i f f e rence  appears f o r  these 

two panel types. It i s ' f e l t ,  however, t h a t  w i t h  new and innovat ive 

techniques.these costs can be s u b s t a n t i a l l y  reduced by e l i m i n a t i n g  . 

edge d e t a i l s  and gasket ing ma te r ia l  f o r .  waterproof ing and designing 

a watersheddi ng device., 

Fl  GURE 14-4 

4. - I n t e g r a l  Mount 

Th is  mounting technique u t  i 1 izes the  photovol t a i  c panel as the  

ac tua l  roo f  membrane. Th is  places spec ia l  demands on the  construc- 

t i o n  o f  t h e  module and w i l l  inf1,uence t o  some ex tent  the  mounting 
. . 

de ta i l s .  The si.ze o f  t he  module becomes c r i t i c a l .  f o r  t h i s  mounting 

type. The m a j o r i t y . o f . r o o f i n g  ma te r ia l s ' and  framing dimensions 

commonly used . in  r e s i d e n t i a l  const ruc t ion  range from 16 i n c h o n  

center t o  36 inch on center  w i t h  most f a l l i n g  i n  the  16, 24, and 

36 inch on center  s ize.  With roo f  framing members 16 inch on center ,  

a 32 inch module w i l l , . u p o n  i n s t a l l a t i o n , .  be in tersec ted a t  the  

center by a t russ .  ~ x ~ e r i e n c e  ind i ca tes  l oca l  heat ing  problems wi41 

a r i s e  i f  the  module i s  i n  d i r e c t  contact  w i t h  the .  t russ .  To over- 

I come t h i s  problem may requ i re  redesign of t he  . t russ t o  use a spec ia l  

t russ .  sys tem.cons is t ing  o f  2 by 6 inch 'main trusses w i t h  i n t e r m i t t e n t  
4 

2 by 4 inch trusses placed at , t russ-module i n t e r s e c t i o n  p o i n t s  t o  

assure adequate and even cool ing.  Coupled w i t h  the  arguments g iven 

i n  the standard panel s i z e  discussion, t h i s  ind ica tes  t h a t  a 32 by 

96 inch panel w i l l  be the,optimum s i z e  t o  meet .a l1  o f  t he  c r i t e r i a  



f o r  an in tegra l ly ,mounted PV array.  Table 14-3 shows the ma te r ia l  and 
_ I  

labor  costs f o r  o f  32 'by 96 inc'h' wh i l e  Table. 14-12 shows s i m i l a r  

costs f o r ,  the 48 by 48 inch  These costs a re  h igher than those 

experienced f o r  d i r e c t  mount and s tandof f  mount, however, they a re  

lower than those experienced f o r  rack mounted us ing .s tee1 o r  wood 

s t r u c t u r a l  elements. . ' 

Having .examined the  des i gn .requ i rements f o r  ' the  f o u r  gener ic  mount i ng types, 

there a re  some i n t e r e s t i n g  observat ions. I t  becomes apparent t h a t  i n  order  t o  

reduce cos ts  o f  both ma te r ia l s  arid i n s t a l l a t i o n ,  qu ick  and easy i n s t a l l a t i o n  

o f  modules w i l l  be a prime requi'rement. Replacement o f  b u i l d i n g  ma te r ia l s  w i l l  

a l s o  f u r t h e r  reduce costs. With t h i s .  i n  mind, it i s  apparent t h a t  a combina- 

t ion  o f  d i r e c t  and . integra. l  mount wou.ld be an idea 1 des ign  concept. Large 

areas and 1 ightweight  modules would f a c i  l i t a t e  i n s t a l  l a t i o n  as we1 1 as reduce 

i n s t a l l a t i o n  ma te r ia l s  cost .  Extensive design must cont inue i n  t h i s  d i r e c t i o n  

i n  order  t o  reduce costs f o r  the u l t i m a t e  goals o f  1986. 

. . 

I t  i s  des i rab le  t o  cover l a rge  a reas ,w i th  d i r e c t  o r  i n t e g r a l l y  mounted..panels; 

examples i n  the f o l l o w i n g  cos t i ng  sect ions w i l l . s h o w  t h i s  t o  be the case. Having 

es tab l  ished a standard panel o f  32 by 96 i'nches and comparing t h i s  t o  a 48 by 48 

inch panel, a s t a r t i n g  p o i n t  has been establ ished. Fur ther  breakdown o f  these 

panels i n t o  modules can be used as *an. exaniple o f  smal l e r  module i n s t a l  l a t  ions. 

Two s i zes were es tab1 i shed. - 16 by 48 .i ndhes and 16 by 24 inches. These module 

s izes  were e s t a b l k h e d  as bath can be used i n  the  two es tab l ished panel s izes.  

COST ANALY S l S 

Having establ ' ished the  standard p a n e l . a t  32 by 96- inches, cost  comparisons can 

n o w b e m a d e w i t h  t h e 4 8 b y 4 8 . i n c h . m o d u l e .  For r e s i d e n t i a l  apb l ica t ions ,  1,000 . 
9, 
L 

f t .  ar rays  w i t h  a -220 Vdc output  were invest igated.  Using the  two above men- 
2 .  

t ioned panel sizes, a number o f  1.,000. f t : . arrays were .generated. Figures 

12-2 and 12-3 i l l u s t r a t e  these arrays: 'A review o f  the a r ray  c h a r a c t e r i s t i c s  . 

and a .compari.son o f  the 32 by 96 i Ach panel shows a wide v a r i a t i o n  o f  the  

number o f  panels and subsequent interconnects to 'ach ieve: the  same nominal s i ze  

array.  These fac to rs  w i  1 1  inf luence' the ,cost " o f  ma te r ia l s  and i n s t a l  l a t i o n  f o r  ' 

2 . . 

1,000 f t .  arrays.  



Consideration must be given t o  the average ove ra l l  dimensions o f  a s ing le  

fam'ily r isidence. A t  ~pproximatel 'y  2,000 ft.2 of f l oo r  ires on one f l o o r ,  

reasonable roof  dimensions might be approximately 30 by 60 feet .  When one 

h a l f  o f  t h i s  roof  area i s  facing south, an. ava i lab le  amount o f  approximately 

15 by 60 feet  i s  presented. S im i la r  dimensions w i l l  occur ' fo r  a f l a t  roof, 
s i nce 

imatel 

aesthet ic  height l im i t a t i ons  and shading suggest only one row'o f  approx- 

y 15 fee t  i n  height. As seen i n  Figures 12-2 anzh 12-3, 1,000 ft.2 arrays 

which m ~ s t  c lose ly  f i t  '15 by 60 foo t  .mode'l. roof  area., w i l ' l .  be 16 by 66 feet ,  

8 inches, and 24 by 45 feet '  i n  the 32 by 96 inch panel conf igurat ion,  and' 16 

by 68 feet  and 20 by 56 feet i n  the 48 by' 48 inch panel conf igurat ion.  

With the mounting designs and array shape ~ o n f i . ~ u r a t i o n s  established,' de ta i led  

cost ing s tud ieswere performed. ~ a b l e s '  14-3. through 14-16 show a breakdown' 

o f  mater ia l  and labor costs ' for the various array shape conf igurat ions and 

the two chosen pane.1 sizes. : Remembering fr&n previous discussions, rack . . 

mounted arrays are  1 i m i  ted t o  two sizes; the 8 by 132 feet  and the' 16 by 68 
' 

f k e t  f o r  the 48 by 48 inch panel conf igurat ion,  and the 8 by 133 feet  and the 

16 by 66 feet array con.f,iguration f o r  the 32' by 96 inch panels. These i i x '  

array configurat ions are r e a l i s t i c  for  a standard res iden t ia l  appl icat io" .  I n  
. , 

these cases, the f o l  lowing array charac te i i s t  i c s  are 1 i sted': 

32 by 36 i.nch"panerl ' '48 by 48 inch panel 
, . 

Array Size, Feet '8x133' '36x67' 24x45 &132 16x68 24x 44 
. .  . . 

NO. o f  Panels 50 , SO 5 1 66 68 66 . . .  

Array Parameter 282 f t  265 f t  139 f t  280 f t  168 f t  136 f t  

Adjacent Lengths 3 9 2 f t  4 5 0 f t  4 7 4 f t  3 8 8 f t  4 2 8 f t  4 6 0 f t  

'Total Lineal Feet 
o f  Col lector  6 74 I . '  ,613 '  668 . 596 ' ' 

. I' , 

596 

From these array cha rac te r i s t i cd  and the cost ing. tab les  i t  i s  seen tha t  no 
. . 

d i  rec t  re la t ionsh ip  'ex is ts  between any o f  the charac te r i s t i cs  and the cor- 

responding var ia t ions  i n  cost, Costs are extremely sens i t i ve  t o  mounting de- 

signs as wel l  as the mounting types.. For example, the 48 by 48 inch d i r ec t  

mount conf igurat ion i s  less cos t l y  than the corresponding array s i ze  configura- 

t ions f o r  the 32 by 96 inch panel.when based on mater ia ls  and labor cost. 



. .  : . . . . 

However, the i n t e g r a l  l y  mounted 32 by .96 inch panel conf igurat ions a r e  less . 

cost1.y than the 48 by 48 inch i n t e g r a l  mount conf igura t ion .  

A somewhat, d i f f e r e n t  approach was taken t o  evaluate the costs o f  smal l e r  . 

modu.les. As prev ious ly  s tated,  two module s izes  'were determ'ined as useful.  f o r  

both the  32 by 96 inch and 48 by 48 inch panels .and those.are 16 by 48 inch 

and 16,by 24 inch modules. I n  the  cost  ana lys is ,  the  mounting d e t a i l s a r o u n d  

the  edge o f  the panels were maintained as p rev ious l y  discussed w h i l e  d e t a i l s  

were drawn up,, as seen i n  F igure 14-5, t o  form panels using the two smad l e r  

modules sizes. As .cou ld 'be  expected, the  costs f o r  these pane.1~ are s l i g h t l y  

h igher than those f o r  panels cons is t i ng  o f ' o n e  module. F u l l  breakdowns o f  

the costs fo r  t h e  a d d i t i o n  o f  these modules can be seen i n  Table 10-21. Also 

ava i l ab le  i s  the cos t i ng  in format ion  f o r  .the var ious ar ray  s izes  using both  , ,  

48 by 48 inch and 32 by 96 inch, panels and the 16 by.48 inch and 16 by 24 inch 

modules. 
-* ., . 

! ~. 

Examination o f  the  r e l a t i v e  cost  d i f ferences,  Figures 14-7 and 14-8, between' 

the fou r  mounting types, ind ica tes  several, bas ic  conclusions. Most importarit 

i s  t ha t  considerable cost  d i f fe rences exi.st  between the  four  gener ic  mounting 

types. These d i f fe rences a r i s e  due t o  the  d i f fe rences i n  ma te r ia l s  and t ime ~ 

requirements f o r  i n s t a l l a t i o n .  I t  must be noted t h a t  these costs are  equa l ly  

in f luenced by the...detai 1s used f o r  . the cos t i ng  analys is .  It i s  conceivable ,' . - 

therefore,  t ha t  had d i f f e r e n t  d e t a i l s  been used f o r  t h i s  ana lys is ,  considerably 

d i f f e r e n t  .costs could have been obtained.' F ina l  l y ,  because photovol t a i  c  

modules are a new innovat ion i n  the  b u i l d i n g  indust ry ,  i t  was necessary t o  use 
, . 

examples of mater ' ia ls ' i ' n  the bu i l d ing '  i ndus t ry  t h a t  most. c lose ly  r e l a t e  t o  

photovol ta i 'c  modules. ' I t  was d i f f i c u l t  t o  a n t i c i p a t e  any problems t h a t  may 

a r i s e  i n  the  i n s t a l l a t i o n ' o f  PV modules and, there fore ,  any cos t  d i f f e ' r i n t i a l s  

between the  e x i s t i n g  b u i l d i n g  product and the modules. As ' the  i ndus t ry  matures, 

t he  i n s t a l l a t i o n  and mater ia ls~cost ,s , ,wi11 1ikewise.mature and be reduced d i -  - .  
r e c t l y  w i t h  respect t o  the, products. penetr.ation i n t o  the bui  l d i n g  market. . . . . 

. . . * . . . . 





Aluminum. H 'Section 

FIGURE 14-5 (con t )  

To 1 e rance 

U n t i l  r e c e n t l y ,  t o l e rance  presented no g rea t  problem t o  t h e  b u i l d i n g  i ndus t r y ,  

except i n  c e r t a i n  s p e c i a l i z e d  f i e l d s  such as s t r u c t u r a l  engineer ing.  However, 

an i nc reas ing  number o f  components a re  be ing  p r e f a b r i c a t e d  away f rom t h e  

b u i l d i n g  s i t e .  T.olerance, t he  degree o f  inaccuracy t h a t  i s  access ib le ,  be- 

comes acute, i f  t h e  f unc t i ona l  element, such a s - a  p h o t o v o l t a i c  module which i s  

composed o f  factory-made o r  p re fab r i ca ted  components, i s t o  be s a t i  s f a c t o r i  i y  

assembled. For example, when factory-made windows a re  se t  i n  masonry w a l l  con- 

s t r u c t i o n ,  inaccurac ies  i n  t h e  s i z e ,  shape o r  p o s i t i o n  o f  t h e  windows a r e  

taken up by t h e  masonry and o n l y  inaccurac ies  i n  the.masonry u n i t s  themselves 

a re  ad jus ted  by t h e  mor ta r  j o i n t s .  

There i s  a s e q u e n t i a l l y  decreas ing inaccuracy t h a t  can be t o l e r a t e d  i n  t he  

c o n s t r u c t i o n  o f  a b u i l d i n g .  For example, b u i l d i n g  excava t ion  can be expected 

t o  be accurate t o  w i t h i n  0.2 f e e t .  Concrete foundat i ,ons can be h e l d  accu ra te  t o  

+ 0.25 inches, concre te  s labs  can be accurate t o  f 0.125 inches. Masonry work 

and wood framing can be expected t o  be accura te  f 0.06 inches, s t r u c t u r a l  s t e e l  

accuracy v a r i e s  w i t h  the s i z e  o f  t h e  s t e e l  s t r u c t u r e  and i s  s p e c i f i e d  in.  standards 



of the American I n s t i t u t e  o f  Steel  Construct ion. While door frames can be se t  

i n  rough openings w i t h  an al lowed to lerance o f  t 0.25 inches, door hardware i s  
. . ? '  . . . 

i n s t a l  l e d  t o  t0.015 inches. Glazing systems a r e  i n s t a l  l e d  t o  var iqus td lerances 

which are  a f u n c t i o n  of t he  panel s i z e  and framing system employed. 

The above examples are  intended t o  show the r e l a t i v e  to lerances wh ich  car! be 
.. . .. . . . 

achieved i n  var ious procedures i n  the  const ruc t  ion  indust ry ,  and the  cond i t ion? 
. .  , . , .  , s . . . . . . . ,  

o f  which a designer must be aware when at tempt ing t o  mate o r  j o i n  d . i f f e ren t  
1 . . . . .  .. . 

. . 

mater ia ls .  Obviously, the  d i r e c t  o f  a poured concrete opening must be 
. . . . 

g iven spec ia l  cons idera t ion  o r  extremely expensive operat ions w i  1 1  res'ul t. . . .  : 

The i n s t a l l a t i o n  o f  pho tovo l ta i c  ,modul,e/pan,e!s i n t o  an ar ray  has a l ready been 
. , I .  

l i kened t o  the  i n s t a l l a t i o n  o f  a g laz ing  system i n  the b u i l d i n g  i ndus t ry  and 
" . 

t h a t  analogy wi 1 1  be cont inued f o r ,  i l  l;st r a t  i on    he d i i e ? s i o n a l  

to lerances requ i red  o f  a p a r t i c u l a r  module/panel must be ca l cu la ted  f o r  a 
. '  

s p e c i f i c  design. The var ious to lerances which must b e  'ca lculated ar'e as f&l&s:  
- .  

Width Tolerance. The t o t a l  o v e r a l i  to le rance o f ' t h e  wi'dth o f . t h e  ' .' 

panel i s compri sed of four separate to lerances being s ize ,  squareness , 
plumbness, and p o s i t i o n .  ,The  o v e r a l l . t o l e r a n c e  f o r  the w id th  o f  the 

panel i s  the '  square roo t  o f  the  sum o f  the  squares o f  the  fou r  separate 

tolerances. Size, squareness and plumbness are  manufactur ing t o l -  

erances. . . : . .: - \! 
, L . . ." 1 . .  . . . . . 

Height Tolerance. Height to lerance i s '  cal'culate'd e x a c t l y  l i k e  the ' .' 
w id th  to le rance i f  t h e  ar ray  i s  t o  be more than.&= banel i n  heigh't. 

, . . > .  . , 
. . 

. , 

J o i n t  Tolerance. J o i n t  tolerance' i s  e n t i r e l y  a func t ion  bf  the  desib'n 

o f  the  framing system. As a general rule, '  however, most j o i n t  t o l - '  

erances are  h e l d  t o  p lus  o r  minus 1/8 inch. 
. . -  . . . .  . 1 .  

The f i r s t  to lerance t o  be determined wi 1 1  be the  w id th  variance. By es tab l i sh -  

i ng a module cons is t i ng  o f  glass and' a 'nedpi-ene gasket-.glazing system a c lose r  

look a t  to lerances can be undertaken. Having es tab l ished a glass module, the 

amounts f o r  each aspect of to le rance are: 



tpw = Total  Overal l  'Tolerance o f  'the Width o f  the Panel 

t s i  = Size .Tolerance = f 0.09375" 

tsq = Square ~ o l e r a n c e  = f 0.09375" 

' . I  ., 
tpo = Pos i t ion Tolerance = 0.0328175" 

The square root  of the sum of the squares i s  the ove ra l l  tolerance f o r  the 

k l d t h  o f  the  ane el.   he squareness and plumbness are,. because o f  the' i n t e r -  

ac t ion tha t  occurs between them w i t h i n  the a r ray ,  a r b i t r a r i  l y  reduced t o  0.75 

o f  6/32 and 3/32 respect ively for  the ca lcu la t ion  o f  the t o t a l  overa l l  t o l e r -  

ance (tp"). ~ h e r e f o i e ,  the t o t a l  ove ra l l  tblerance of  the width o f  the panel 

according t o  ,@Modular Coordination ,of Low Cost Housing" i s :  

= 0.1672'' 

The height tolerance considerat ions are exact ly  the same, as the width to lerance 

i n  t h i s  case because a l l  in ter faces are between iden t i ca l  modules. Therefore, 

the t o t a l  overa l l  tolerance o f . t h e  height o f  the panel i s :  

' 2 .  
. . tpti = ( t s i )  + .  (0.75tsq12 + ( 0 . 7 5 t ~ i ) ~  + (tpo12 

= 0.35" + 0.0197" + 0.0049'' + 0.1076" 
. . = 0.1672~~ 

Figure 14-6 i l l u s t r a t e s  the process used t o  determine the overa l l  system dimen- 

sions. The standard module 32 x.96 inch, defines the module size. The minimum 

gap o r  j o i n t  used i s  1/? the center web o f  the glazing gasket used pl.us the 

allowable j o i n t  tolerance. I f  for  example, the web i s  0.1719" t h i ck ,  h a l f  o f  

that  i s  0.0859" and the al lowable j o i n t  tolerance f o r  the e n t i r e  width o r  

I length i s  p lus o r  minus. 0.125" o r  .0/2511 t o t a l .  The.maximum s ize  shown i n  

Figure 14-6 i s :  . . 

Maximum Width = 32" - 2(0.0859" + 0.125") ~ = 31.5782 

Maximum Height a 96" - 2(0.0859" + 0.125)" 

I = 95*'5782 



Modular planes 

1.  Modular space (basic s i ze )  

3. Minimum gaps 

4. Posi t i o n  tolerance 

5. Minimum deduction 

6. Maximum s i z e  

7. Manufacturing tolerance 

8. Minimum s i z e  

9. Maximum deduction 

APPLICATION OF THE SYSTEM OF TOLERANCES TO A MODULAR COIIPOi4EI.IT 

FIGURE 14-6 
. . .  



r l t  i s  necessary t o  fu r ther  reduce these dimensions by subtract ing the maximum 

manufacturing tolerance which i s  0.162" i n  both the width and length direct ions;  

therefore, the'minimum pandl s i ze  i s :  
. . 

Minimum wd i th  = 31,.5782 - 0.1672 5 31.4110 

tlinimum   eight =.' 95.5782 0.0.1672 = 95.4110 
' ,  .. . 

. . ,  , . .. . . . . 

Tolerances become 'most ' c r i t i c a l  i n  appl icat ions using in tegra l  type mounting 

systems and l e i s t  c r i t i c a l  i n '  Systems whi ch ..do not requi i e  module . . edge,, t o  edge 

contact. This. l a t t e r  technique may be accomplished i n  special ly-designed 

d i  r e i t '  mounted module systems. . , 

. . . J 
. . 

. . , . 



Figure.. 14-7 , 



. . - 16x24 16x24 .48 i 48 
. .. : . . 

MODULE AREA,:F? 
. :.INSTALLATION, . . . , .  COS-TS LESS WIRING 

. . , - , .  < ., . . , .  
48". ~ ~ 4 8 ' '  .PANEL 



MATEIRIAL  AND LABOR COSTS 

32" x 9 6 "  PANELS (1975 DOLLARS) 

NOMINAL NO. OF MODULE RACK 
ARRAY SIZE PANELS SIZE INTEGRAL DIRECT STANDOFF w/A S I R  W/ G S/G 

KEY 

W - Wood Frame Rack 
S - S t e e l  Frame Rack 
R - R o o f  Mounted  Rack 
G - Ground Mounted Rack 

T A B L E  14-3 



M A T E R I A L  AND LABOR COSTS 

PANEL 32" x 96" l NTEGRAL 

COST 
MATE R l AL 

19785 
TOTAL 

19755 
TOTAL 

LABOR COST HATER l AL 
QUANT l TY RATE LABOR RATE ARRAY SIZE 

133' x 8 '  

MATER l AL 

AL 
GASKET 
SCREWS 
MODULE 

666 f t .  $ 0 .60 / f t .  $ 399.60 $0.53/ f t .  
666 f t .  1 . 2 0 / f t .  799.20 l .OO/ f t .  
400 0.12/sc5 48.00 O. l2 / sc r  

so @ 2 i . 3 j / f t 2  2 . 1 4 / f t  2282.31 

$ 627.00 ' 

11220.00 
80.00 

ngoo. oo 

TOTAL 

66 '  x 16'  
AL 
GASKET 
SCREWS 
MODULE 

616 f t .  0 . 6 0 / f t .  369.60 0 .53 / f t .  
616 f t .  1 .20 / f t .  739.20 l .OO/ f t .  
470 

2 '  O. l2 /sc5 56.40 O. l2 / sc r  
50 @ 21.33 f r  2 . 1 4 / f t . ,  2282.31 

TOTAL 

45'  x 24'  
AL 
GASKET 
SCREWS 
MODULE 

-613.33 f t .  0 .6o/ f t .  
613.33 f t  1 .20 / f t .  
470 . 2 0.12/sc5 

51 @ 21.33/f: 2 .14 / f t  

TOTAL 

34'  x 32'  
AL 
GASKET 
SCREWS 
MODULE 

517.33 f t .  $ 0 . 6 0 / f t .  
517.33 f t .  1 . 2 0 / f t .  . 
500 0.12/sc5 

52 @ 21.33/ f t2  2 . 1 4 / f t  

TOTAL 

26'  x 40'  
AL 
GASKET 
SCREWS 
MODULE 

600 f t .  0 .60 / f t .  360.00 o . 5 j / f t .  
600 f t .  1 . 2 0 / f t .  720.00 l .Oo / f t .  
500 0.12/sc5 60.00 . 0 .12/scr  

50 @ 2 1 . 3 3 / f t 2  2. 14/.ft 2282.. 31 

TOTAL 

T A B L E . .  14-.4 



M A T E R I A L  AND LABOR COSTS 

. . 
PANEL 32" x 96" D l  RECT 

MATER l AL 
RATE 

LABOR COST 
QUANT l TY RATE LABOR 

COST 
MATE R I AL 

1978$ 
TOTAL 

1975s 
TOTAL ARRAYSIZE MATERIAL 

AL F 
AL S 

133'' x 8 '  'GASKET 
SCREWS 
SEALANT 
MODULE 

TOTAL 

400 f t .  $0 .6o / f t .  $240.00 
384 f t .  0 . 6 0 / f t .  230.40 
400 ft. 1 . 2 0 / f t .  480.00 
410 O. lZ /scr  49.20 

266.66 f t  0.20/ f  t 53.40 
50 e21.33 f t  2 .14 / f t2  2282.31 

AL F 
AL S 

.66 '  x 16'  GASKET 
SCREWS 
SEALANT. 
MODULE 

400 f t .  $0.60/f t. 240.00 
368 f t .  0.60/ f  t. 220.80 
400 f t .  1 .20 / f t .  480.00 
500 0.12/scr  60.00 
200 f t .  0.20/ f  t2 40.00 

5 0 @ 2 1 . 3 3 f t 2  2 . 1 4 / f t  2282,.31 

AL F. 
AL S .  

45'  x 24' GASKET 
. . SCREWS 

SEALANT 
MODULE 

432 f t .  
384 ft. 
432 f t  
525 
. I82 f t . 2 

51 e21.33 f t  

TOTAL 

448 f t .  
384 f t . .  
448 f t. 
540 f t .  
174 f t .  

52 e21.33 f t2  

AL F . .  

AL S 
34'  x 32'  GASKET 

SCREWS. 
'SEALANT 
MODULE 

TOTAL 

TABLE 14-5 



ARRAY S l ZE MATER l AL 

AL F 
AL S 

26' x 40' GASKET 
SCREWS 

'SEALANT 
MODULE 

TOTAL 

QUANTITY 

440 ft: 
360 ft. 
440 ft. 
540 
160 ft. ' 2  

50 @2 1 :33 f t 

MATERIAL AND LABOR COSTS 
. . 

PmEL 32" x: 96" D l  RECT 

LABOR . ' 
RATE' ' 

COST 
LABOR 

MATERIAL 
RATE 

COST , - . 
MATE@ I AL 

1978$ 
TOTAL 

197% 
1 OTAL 

TABLE 14-5 ( ~ o n t )  



M A T E R I A L  AND LABOR COSTS 

32" x 96" 

LABOR 
RATE 

$0.6o/ f t .  
.O.bO/ft. 
1,20/ f t .  
0.12/scr 

.0.20/ft.2 
0.77/f t . 
0.58/LF 
0.75/f t . 

STANDOFF, 

COST 
LABOR 

$480.00 

960.00 
132.00 

209.44 
157.76 
799.88 

$2733.08 

<.  

ARRAY SIZE 
MATERIAL COST 

RATE HATER l AL 
1978s 
TOTAL 

$1472.00 

1974s 
TOTAL 

$1226.00 

MATER l AL QUANT l TY . 

800 f t .  AL SH 
AL H 
GASKET 
.SCREWS 
SEALANT 
FLASH l NG 
STR 1 P 
MODULE . 

. . 

133' x I)' 800 ft. 
1100 

AL SH 
AL H 
GASKET 
SCREWS 
SEALANT 

, FLASHING 
STR l P 
MODULE ' 

800 . f t .  
66.67 ft. 

800 .f t . 
1100 ft, 

133:3.4 ft.2 .' 
272 .f t .2 
272 ft. 2. .. 

.50 @ 21;33 f t .  

'TOTAL 

AL SH' 
AL H 
GASKET 
SCREWS 
SEALANT 
FLASH I NG ' 

STR l P 
MODULE 

. 816 ft. . 0.6o/ f t .  
90.67 ft. . 0.60/ f t .  

816 ft. 1.20/ f t .  
1100 O.lZ/scr 

181.33 ft.2 0.20/ f t .2 
272 ft.2 0.77/ f t .  ,. 

272 f t .  0.58/LF 
51 @ 21.3Y.ft. 0.75/f t . 

TOTAL 

T A B L E  14-5 



ARRAY S l ZE 

40' x 26' 

TOTAL 

34' x 32' 

TOTAL 

MATER l AL 

AL SH 
AL H 
GASKET . 
SCREWS 
SEALANT 
FLASH l NG 
STR l P 
MODULE' 

AL SH 
AL H 
GASKET 
SCREWS 
SEALANT. 
FLASH I NG 
STRIP . 
MODULE 

MATERIAL AND LABOR COSTS 
, . . 8 . .  . . 

* .  
- .  

PANEL 32" x 96" . STANDOFF , .  . 
, . 

QUANT l TY 

800 f t .  
106.68 f t .  

' '800 ft. 
1100 

213.36,ft2' 
' 272 f t . .  

272/LF 
50 @ 21,33 ft. 

LABOR 
RATE 

$0. 60/ f  t. 
0.60/ft .  
1.20/ft .  
O.lZ/scr. 
0.20/ f t .2 
0.77/ft. 
0.58/LF 
.o. 75/f t. 

832 f t .  10.60/ft. 
104 ft. 10.60/ft.. 
832 f t .  1.20/ft. 

1120 . . 10.12/scr 
208 ft.2 1 0 . 2 0 / f t . ~  
272 ft. ,O. 77 / f t .  
272 ft. . l0.58/LF. i 

52 @ .21.33 10.75/f t . 

COST 
LABOR 

$480.00. 
64.00. 

960.00 " 

132.00 
42.67 

209.44 
157.76 
799.88 

$2845.75 

499.20 
62.40 

998.40 
134.40 
41.60 

209.44 
157.76 
831.87 

$2935.07 

MATERIAL 'COST 
RATE . MATERIAL 

1978s 
.:~. TOTAL 

. $1472.00 
88.00 

1056.00 
165.00 
92.00 

400 ,oo 
, 239.00 

. 800.00 

1 9 5  $ 
TOTAL 

$1226.(W 
7 3 . 0  

8 7 9 . 0  : . 
137.m 
7 7 . 0  . . . . 

333.m ' . 
199.m . . 
666.00 , ' .  

$3590.(mo ' . - .... 



M A T E R I A L  AND LABOR COSTS 

ARRAY Sl  ZE . MATERIAL 

AL 
SEALANT 
SCREWS 

133'  x 8 ' . . .  * MODULE 

TOTAL . 
. 
, : . . 

, '  AL . . SEALANT 
66' x 16 l  . , SCREWS 

" MODULE 

TOTAL 

PANEL 32" x 96" RACK 

LP.BOR COST MATER l AL COST 
QUANT l TY RP.TE LABOR RATE MATER l AL 

800 ft. 
800 ft. 
200 

50 @ 21>33  f t .  2 

, '. . a., 

800 f t  . 
800 f t .  
200 

5 0  @ 21.33 ft. 2 

19789 1975s 
TOTAL TOTAL 

TABLE 14-7 



M A T E R I A L  AND LABOR COSTS 

ARRAY 8' x 133' 

PANEL 32" x 96" 

RACK - STEEL 

GROUND MOUNT 

STEEL ANGLES 

STEEL TEES 

CONCRETE PIERS 

PIER STEEL . 

CONCRETE FOOTINGS 

FOOTING STEEL 

EXCAVATION 

' BACKFI LL 

TOTAL 

QUANT l TY 

3.38T 
--- 
1.58 YDS 

0.16 T 

3.6 YDS 

0.13 T 

43 YDS 

43 VDS' 

LABOR 
RATE 

$774/T 
-,-- 

16.62/Y~ 

244/T 

14 .32 /~0  

3-36/T 

' 1.42/YO. 

Z.OO/YD 

LABOR 

$2616.12 
--- 

26.26 

39.04 

51 -55 

43.68 

61.06 

86.00 

HATER I AL 
RATE 

$504/T 
--- 
32.56/YD 

422/T 

32 .66 ;~~  

580/T 

1.45/YD 

2.05/YD 

MATER l AL 

$1703.52 
--- 

51.44 

67.52 

117.58 

75.40 

62.35 

88.15 

1978$ 
TOTAL 

1975$ 
TOTAL 

TABLE 14-8 



M A T E R I A L  AND LABOR COSTS 

ARRAY 8 x 133 

PANEL 32 x 96 

RACK WOOD 

LABOR 
RATE 

MATER l AL 
RATE HATER I AL 

19 78$ 
TOTAL 

1975$ 
TOTAL' GROUND MOUNT QUAL l TY LABOR 

WOOD FRAME 1.224 MBF 
2x4, 2x6, 2 x 8  

WOOD FRAMING 0.89 MBF 
2x10 

CONCRETE PIERS 1.58 YDS 

PIER STEEL 0.16 T 

CONCRETE FOOTING 3.6 YDS 

FOOTING STEEL 0.13 T 

EXCAVATION 43 YDS 

BAC KF l LL 43 YDS 

TOTAL 

TABLE 14-9 



M A T E R I A L  AND 'LABOR COSTS 

ARRAY 6 6 l  x 16' 

PANELS 32" x 96" 

RACK - STEEL 

LABOR - HATER L l AL 1978s 1975s 
GROUND MOUI~T QUANT I TY RATE LABOR -RATE TOTAL ' TOTAL MATE R I AL 

STEEL ANGLES 
I n c l .  P a i n t  

STEEL TEES 

CONCRETE P l ERS ' 

PIER STEEL 

CONCRETE FOOT l NGS 

FOOTING STEEL . 

EXCAVATION . - 

BACKFl LL 

TOTAL 

ROOF MOUNT 

STEEL ANGLES 

STEEL TEES 

STEEL ANGLES. 

WOOD BLOCK 

FLASH l NG 

STR l P 

8 OTAL 

1.63 Tons 

1.4 Tons 

1.224 YDS 

0.075 Tons 

2.76 YDS 

0.09 Tons . 

21.4 YDS 

21.4 ' YDS 

1.63 Tons 

1.40 Tons 

0.13 Tons 

0.27 MBS 

272 F t .  
2 

272 F t .  

TABLE 14-10 . 



M A T E R I A L  AND LABOR COSTS 

ARRAY 66l x 16' 

PANEL 32" x 96" 

RACK -. WOOD 

GROUND MOUNT 

YOf)D FRAME 
2 x 4 / 2 x 6  

WOOD FRAME 
2 x .12 

CONCRETE C l ER 

PIER STEEL ' 

, CONCRETE FOOTING 

FOOTING STEEL 

EXCAVATION 

BACKFI LL 

TOTAL 

. ROOF MOUNT 

WOOD FRAMING 
2x4 / 2x6 

WOOD FRAMING 
2x1 2 

STEEL ANGLES 

WOO0 BLOCKS 

FLASH l N G 

STRIP. 

TOTAL 

QUANT l TY 

1.013 MBF 

0.53 MBF 

0.8 YDS 

0.075 T 

2.76 YDS 

0.09 T 

21.4 YDS . 

21.4 YDS 

1.013 MBF 

0.53 MBF 

0.13 T 

0.27 MBF 

272 Ft .  

272 Ft. 
, . 

LABOR 
RATE 

$3OO/MBF 

' ,.291/MBF 

. 16.62/.YD, 

244/T 

. '14.32/YD 

336/T 

' 1.42/YO 

2.00/YD 

LABOR 

303.90 

154.23 

20.34 

18.30 

39.52 

30.24 

30.39 

42.80 

MATEW I AL 
RATE 

$339/MBF 

~ ~ Z / M B F  

32':56/~0 

422/T 

32.66/YD 

580/T 

1,45/YD 

2.05/YD 

. . 
1978$ 

MAT'ER I AL TOTAL 
1975$ ' 
TOTAL 

539.00 

284.00 

50.00. 

42 .OO 

108.00 

68.00 . 

51 .oo 
72.000 ' 

$1215.00 

539.00 ' 

284 .OO, , 

148.00 

183.00 

333.00 

1gg.00 

$1686~00 

TABLE 14-11 
. . 



M A T E R I A L  AND LABOR COSTS 

48" x 48" PANELS (1975 DOLLARS) 

. . 
NOMINAL NO. OF MODULE 

ARRAY SIZE PANELS SIZE .. INTEGRAL DIRECT STIU(qOFF W/R 

KEY . ' .  
, . 

W - Wood Frame Rack . 
S - Steel Frame Rack 
R - Roof Mounted Rack 
G - Ground Mounted Rack 

RAm 
SIR WIG ' . SIC 

Table 14-12 



M A T E R I A L  AND. LABOR COSTS 

PANEL 48"-x 48" . . .INTEGRAL 

LABOR COST HATERIAL 
QUANT l TY RATE ' LABOR RATE 

COST 
HATERIAL 

1978s 
TOTAL 

19755 
TOTAL ARRAY SIZE . ElATERl AL 

AL - 
132' x .8' . GASKET 

SCREWS 
HODULES 

668 ,f t. . SO.6O/ft. $ 400.80 $0.53/ft. 
668 ft. 1.20/ft .  801.60 l.Oo/ft.  
340 0.12/scr2 40.80 O.l2/scr 

66 @ 16 ft. 2.14/ft .  2259.84 

. , AL.. ' 

88' x 12' GASKET 
; SCREWS 

' HODUL.ES . 

628 , f t .  0.60/ft .  376,. 80 .O. 53/f t . 
628. f t. 1'.20/ft.. 753.60 . l .oo / f t .  ' 

450 . 0. 12/scr2 54.00 . 0.. 12/scr 
66 @ 16 f t .  Z. l l i / f t .  2259'. 84 

TOTAL . . . $3444.24 

628 f t .  0.60/ft .  376.80 0.53/ft .  
628 f t .  1.20/ft .  753.60 l.Oo/ft. 
460 0.12/scr2 55.20 0. l 2 l s c r  

68 @ 16 f t .  2.14/ft .  2326.32 

. . . . 
' A L : . .  

'68 '  x 16' . GASKET 
SCREWS 
HODULES 

Table '14-13. 
. . . . . .  



MATE.RIAL AND LABOR COSTS 

. . 

PANEL 48" x 48" 4 NTEGRAL 

LABOR 
QUANTJ TY RATE 

COST HATERIAL .COST 1978s 
LABOR RATE MATERIAL TOTAL 

19755 
TOTAL ARRAY S I ZE 

AL 
GASKET 
SCREWS 
MODULE 

636 f t .  $ Cs.60lft. 
636 ft. l r 2 0 / f t .  
'470 C,. 1 2 / ~ c r , ~  

70 @ I 6  f t .  2.14/ft.  

TOTAL 
. . . . 

596, ft: - c .60/ f t .  
596 ft. m.zo/ft.. 
450 0. 12/sci2 , 

6 6 . 8  16 f t .  ' 2-141-f-t. 

A l - .  
GASKEJ' 
SCREWS 

-MODULE 

TOTAL 
. . 
~i 
CASKET 
SCREW5 
MODULE 

628:ft: a .60 l f t .  
'628,f t. ' 1.20/ft.  
4.70 - 0.12/scr2 

70 .@ I 6  f t .  2.14/ft.  

TOTAL 

AL . 
GASKET 

.SCREWS 
MODULE 

644 . f t .  a .6o i f t .  
644 f t .  1,20/ft. 

Oc 12/scr2. 
72 @ 16 ft. 2 -  2 - l 4 / f t .  

TOTAL ' 

Table 14-13 (Cont.) 



M A T E R I A L  AND LABOR COSTS 

PANEL 48" x 48" Dl RECT 

1978$ 
TOTAL 

' ARRAY SIZE MATERIAL QUANTITY 
LABOR COST MATERIAL COST 
RATE LABOR RATE. MATE R I AL 

1975$ 
TOTAL 

AL F 
AL S 
GASKET 
SCREWS 
SEALANT 
MODULE 

272 ft. 
256 ft. 

1321 x 8' 

TOTAL 

. . 

88l x .12 '  

TOTAL' 

272 ft. 
470 
396 f t e 2  

66 @16 f t  

$0.60/f t 
0.60 ft. 
1.20/f t . 
O.lZ/scr 
0.20/ft .  
2. 14 / f t2  

AL S 
AL S 
GASKET 
SCREWS 
SEALANT 
MODIJLE 

276 ft. 
252 ft. 
276 ft. 
460 
352 ft;, 

66 e1.6 f t  

AL F: 288 ft. 
AL S 256 ft. 

68' x 16' GASKET 288 f t .  
SCREWS 460 
SEALANT. 340 ft., 
MODULE,. 68 @16 f t  

TOTAL 

AL F 300 ft. 
AL S 260 ft. 

56' x 20' GASKET 300 ft. 
SCREWS 470 
SEALANT 336 ft.2 
MODULE 70 @16 f t  

TOTAL 

Table 14-14 



MATER l AL AND LABOR COSTS 

-' PAN& 

' LABOT 
RAT I 

Dl RECT 

ARRAY S l ZE 
COST. MATER I AL 
LABOR . RATE . 

COST 
MATE R I AL 

. .. 

'MATE R I AL 
19756 
TOTA, QUANT I TY 

AL F 
AL S 
GASKET 
SCREWS 
SEALANT 
MODULE 

'288 f t. 
240 ft. 
288 f t .  
450 
308 ft.;! 

66 @16 f t  

TOTAL 

AL F 
AL S 
GASKET 
SCREWS 
SEALANT 
MODULE 

308 ft. 
252 ,ft. 
308 ft. 
4 70 
320 ft. 

70'@16 f t2 

TOTAL 

AL F 
AL 5 
GASKET 
SCREWS 
SEALANT 
MODULE 

'320 ft. 
256 ft. 
320 ft. 
500 
324 

72 e l 6  f t2 

TOTAL 

INDEX 
AL F - ~luminurn fac to i y  i n s t a l  l ed  
AL S - Aluminum s i t e  i n s t a l l e d  

Table 14-14 (Cont.) 



MATERIAL AND LABOR COSTS 

PANEL 48" x 48" STANDOFF 

COST 
MATERl AL 

13785 
TOTAL 

1975s 
TOTAL 

LABOR 
RATE 

COST MATERIAL 
LABOR RATE QUANT I TY ARRAY S l ZE MATERIAL 

528 f t .  
528 f t .  
528 f t .  
710"  
528 ft., 
272 f t .  
272 ft.2 

66 @ 16 f t  

AL SH 
AL H 

132' x 8'  GASKET 
SCREWS 
SEALANT 
FLASHING 
STRIP 
MOOULE 

TOTAL 

AL SH 
AL H 

88' 12'  GASKET 
SCREWS 
SEALANT 
FLASHING 
STR l P 
MODULE 

528 ft. 
528 ft. 
528 f t .  
710 
528 ft., 
272 f t .  
272 f t .  

66 @ 16 f t  

0 .60 / f t .  
0 .60/ f t .  
1.20/ft: 
O. l2 /scr  
0 .20 / f t .2  
0 .77 / f t .  
0.58/LF 
0.75 f t .  

TOTAL 

544 ft. 
544 f t .  
544 ft. 
730 
544 ft., 
272 f t .  
272 f t .  . 

68 @ 16 f t .  

AL SH 
AL H 

68 '  x 16' GASKET 
SCREWS 
SEALANT 
FLASH l NG 
STRIP 
MOOULE 

TOTAL 

Tab le  14-15 



M A T E R I A L  AND LABOR COSTS 

ARRAY S l ZE 

TOTAL 

TOTAL 

40' x 28' 

TOTAL 

MATERIAL 

AL SH 
AL H 
GASKET 
SCREWS 
SEALANT 
FLASH l NG 
STR l P 
MODULE 

AL SH 
AL H 
GASKET 
SCREWS 
SEALANT 
FLASH l NG 
STRIP , 

MODULE 

AL SH 
AL H 
GASKET 
SCREWS 
SEALANT 
FLASH i NG 
STR l P 
MODULE 

QUANT I TY 

560 ft. 
560 ft. 
560 ft. 
750 s c r  
560 ft., 
272 ft. 
272 ft. 

70 @ 16 f t .  

528 ft. 
528 ~ t .  
528 ft. 
710 
528 ft.2 
272 ft. 
272 ft. 

66 @ 16 ft. 

PANEL 

LAB3R 
RArE 

560 ft. 0 .6Wf t .  
560 ft. 0.6Wf t. 
560 ft. 1 .2Wf t .  
710 O.lZ/scr. 
560 ft.2 0.20/ft.2 
272 ft. 0.77'/f t. 
272 ft. 0.58.fLF 

70 @ 16 ft. 0.754ft. 

48" x 48" 

COST 
LABOR 

336.00 
336.00 
672.00 

90.00 
112.00 
209.44 
157.76 
840.00 

$2753.20 

316.80 
316.80 
633.60 

' 85.20 
105.60 
209.44 
157.76 
792.00 

$2617.20 

336.00 
336.00 
671 .OO 

go. 00 
112.00 
209.44 
157.76 
840.00 

$2753.20 

STANDOFF 

MATERIAL 
RATE 

1.24/ f t  
0.225/ft 
0.12/ f t  
0.03/scr 
0.23/ft. 
0.70/f t . 
0.30/LF 

COST 
HATER l AL 

694.40 
126.00 
67.20 
22.50 

128.80 
190.40 
81.60 

1978$ 
TOTAL 

1030.00 
462.00 
739.00 
11 3.00 
241 100 
400.00 
239 .OO 
840.00 

$4064.00 

972.00 
436.00 
697.00 
107.00 
227.00 
400.00 
239 .OO 
792.00 

$3869.00 

1030.00 
462.00 
739.00 
113.00 
241 .OO 
400.00 
239.00 
840.00 

$4064.00 

Table 14-15 (Cont.) 



MATERIAL AND LABOR COSTS 

ARRAY S I ZE . HATER I AL 

AL SH 
AL H 

36' x 32' GASKET 
SCREWS 
SEALANT 
FLASH l NG 
S T R I P  . 
MODULE 

TOTAL 

QUANT l T Y  

576 f t .  
576 f t .  
576 f t .  
7 7 0  
576 f t S 2  

272 f t .  
272 f t .  

72 @ 16 f t .  

INDEX 

AL SH = ALUMINUM S I T E  INSTALLED 
. AL H = ALUMINUM FACTORY INSTALLED 

PANEL 48"  x 48"  STAWDOFF 
LABOR COST MATER l AL 
RATE LABOR RATE 

COST 
HATER l AL 

19755 
TOTAL 



MATERIAL AND LABOR COSTS . % 

ARRAY S l ZE 

* -  , 

TOTAL 

68.' x 16' 

TOTAL 

, .  . " .  
. . . . - . .  PANEL 

LABOR 
MATERIAL QUANT l TY RATE 

AL 1056 ft. $0.60/f t . 
SEALANT 1056 ft. 0.20/ft. 
SCREWS 5 30 0.15/rcr 
MODULE 66 @ 16 ft.2 0.75/ft.  2 

AL . ' 1088 ft. 0.60/f t . 
SEALANT "1088 f t. 0.20/f t. 
SCREWS 550 O.lS/scr, 
MODULE 68 @ 16 f t .  0.75/ft. 

48" x 48" 
COST 
LABOR 

RACK 
MATERIAL 

RATE 

. . 
Table 14-16 

COST 
MATER l AL 

1978$ 
TOTAL 



MATERIAL AND LABOR COSTS 

- ARRAY . -8l x 132'  

- PANEL 48" x 48" 

RACK - . STEEL 

GROUND MOUNT QUANTITY 

STEEL ANGLES 3.5 T 

STEEL TEES 0.57 T 

- : . CONCRETE PIERS . 1.58 YDS 
& 

I . .PIER STEEL 0.16 T 
& 
& . '  CONCRETE FOOTINGS 3.6 YDS 

FOOTINGSTEEL 0 . 3 3 T  

. EXCAVATION 43 YDS 

' BACKF l LL  . . 43 YDS 

LABOR 
RATE LAQOR 

MATERIAL ' ' 

RATE HATER I AL 
1978s 
TOTAL 

1975s 
TOTAL . ' 

'Table I!+-1.7 



MATERIAL AND LABOR COSTS 

ARRAY 8' x 132'  . . 

PANEL 48" x 48" 

RACK - WOOD 
. .., . .. . . .  

LABOR MATERIAL 
GROUND 'MOUNT QUANT I TY RATE - LABOR RATE MATE R I AL 

WOOD FRAMING 
2x4/2x6/2x8 

WOOD '.FRAM I llG 
2x10 

CONCRETE P l ER 

PIER STEEL 

CONCRETE FOOTINGS 

FOOTING STEEL 

EXCAVATION 

BACKFILL -  . 

TOTAL 

1.404 HBF 

0.89 MBF 

1.58 YDS . 

0.16 . T  

3.6 YDS 

0.13 T 

43 YDS 

43 YDS 

1978$ . . 
TOTAL . 

Table 14-18 



M A T E R I A L  AND LABOR COSTS 

ARRAY 68' x 16' 

PANELS 48" x 48" 

kAd K ' - STEEL 

. . 
GROUND ' MOUNT 

STEEL ANGLES,' 

STEEL TEES 

CONCRETE p i  Efts 
PIER STEEL 

CONCRETE FOOT1 NGS 

FOOTING .STEEL 

EXCAVAT I ON 

BACKFIkL ' . , : 

. . .  . 

TOTAL . 
. . 

QUANTITY . 

1 . 6 3 T '  ' ,  
2.02 T .' 

1.224 YDS 

0.075 T 

2.76 YDS 

0.09 T 

21.4 YOS 

21.1, .YDS 
. . . A 

. . 

LABOR MATER l AL 
RATE LAB9R RGTE MATERIAL 

ROOF MOUNT '' 
. .  . . . 

STEEL. ANGLES 1.63 T 

STEEL .TEES. '.'.' ' 2.02T . 

WOOD BLOCKS 0.27 MBF 

FLASHtING , . . . 
2 

272 'Ft.. , 

STRIP 272 F t .  
. . 

. , ,  
TOTAL . . 

774/T 1261.62 

796/T ':""1607.92 

85 4/T l i 1 .02  

364/MBF 98.28 

0.77 F t .  
2 209.44 

0.58/LF 157.76 

Table 14-19 

1978$ 
TOTAL 

19755 
TOTAL 

$1 734.00 

,2210.00 

50.00 



M A T E R I A L  AND LABOR COSTS 

ARRAY 68' x 16' 
9 . .  

PANEL 48" x 48" 

RACK - WOOD 

LABOR MATERIAL 
RATE LABOR ' RATE MATERIAL 

1978s 
TOTAL 

1975s 
TOTAL GROUND MOUNT QUANT l TY 

. . 
WOOD F~AMING 
2x4 / 2x6 

. , 

. WOOD' FRAMING 
. 2x1.2 - .  . . .  . 

. . CONCRETE P l ER 

PIER STEEL 

0.53 MBF 

0.8 YDS 

0.075 T 

2.76 YDS 

0.09 T 

21.4 YDS 

21.4 YDS 

CONCRETE FOOTINGS 

FOOTING STEEL 

EXCAVATION 

.BACKFI LL 

TOTAL 

WOOD FRAMING . 
2x4 / 2x6 1.103 MBF 

WOOD .FRAMING 0.53. MBF 
2 x 12 

. .  ;. 
STEEL ANGLES 0.13 T 

WOOD BLOCKS 0.27 MBF 

FLASH1 NG ' 272 F t .  
2 

STR l P 272 F t .  

TOTAL 



M A T E R I A L  AND LAeOR COSTS 

PER PANEL COST 

32" x 96" 
LABOR HATER I AL 1978$ 1975s 

QUANT I TY RATE LABOR RATE HATER I AL TOTAL TOTAL 

16 x 48 . 16" x 24" 

Aluminum H 16 f t .  . 60 / f t .  9.60 .52 / f t .  8.32 $17.92 $14.90 
H Seal 32 f t .  .20 / f  t. 6.40 .23/ f  t. 7.36 13.76 11.50 
B u t t  Seal - - 

To ta l  $16.00 . $15.68 $31.68 $26.40 

16 x 24 16" x 48" 

Aluminum H 10.67 f t .  . 6 0 / f t .  6.40 .52/ f  t. 5 -55  11.95 10.00 
H Seal 21.33 . 2 0 / f t .  4.27 . 23 / f t .  4.91 9.18 7.70 
B u t t  Seal 

To ta l  $10.67 $10.45 S 2 i . i ~  $17.60 

Aluminum H 12 f t .  . 6 0 / f t .  7.20 .52 / f t .  
H Seal 24 f t .  .20 / f  t. 4.80 . 2 3 / i t .  
B u t t  Seal 

To ta l  $12.00 $11.76 $23.76 $19.80 

16 x 24 16" x 48" 

Aluminum H 8 f t .  . 6 0 / f t .  4.80 .52/ f  t . 4.16 8.96 7.50 
H Seal 16 f t .  . 2 0 / f t .  3.20 .23/f t . 3.68 6.88 5.70 
B u t t  Seal 

To ta l  $ 8.00 $ 7.84 $15.84 $13.20 

Table 14-21 
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PURPOSE: Thi s appendix includes f o u r  separate but  r e l a t e d  stud,ies 

concerning the  e l e c t r i c a l  requirements f o r  r e s i d e n t i a l  

pho tovo l ta i c  modules and ar ray  branch c i r c u i t  w i r i ng .  

I n  general,  t h i s  sec t i on  i d e n t i f i e s  grounding, w i r i n g ,  

and terminal  requirements as s p e c i f i e d  by the Nat ional  

E l e c t r i c a l  Code (NEC) and Underwri t e r s  Test ing  Laboratory 

(UL) , and s tud ies  the  e f f e c t  o f  vo l tage leve l  on ar ray  

branch c i r c u i t  w i r i n g  cost.  

CONCLUSIONS: Grounding wi 1 1  be requi  red f o r  those metal framed panels 

t h a t  use the  frame as a conductor raceway o r  enclosure. 

However, panel designs t h a t  do not  use an i n t e g r a l  metal 

raceway can expect t o  be granted an exception. Module 

design requirements f o r  t h i s  grounding exception would be 

determined by a recognized e l e c t r i c a l  t e s t i n g  laboratory.  

Conductors f o r  general use are 1 i m i  ted  t o  #14 AWG copper. 

Wi r ing  f o r  l i g h t i n g  f i x t u r e s  can be as small as #18 AWG 

copper. Th is  imp l ies  t h e  p o s s i b i l i t y  o f  using #18 AWG f o r  

the w i r i n g  between PV modutes, i f  NEC o f f i c i a l s  view 

modules as being s i m i l a r  t o  l i g h t i n g  f i x t u r e s .  The most 

economical cable o r  conductor/conduit systems are  Non- 

m e t a l l i c  Sheathed Cable (NM), and Armored ~ a b l e ' ( h  o r  BX) 

f o r  w i r i n g  i n  dry locat ions.  and Underground Feeder Cable 

(UF) f o r  wi r i n g  i n  wet locat ions .  Both the  NEC and UL 

e s t a b l i s h  s a f e t y  requirements f o r  connections, terminals,  

and sp l i ces  t h a t  a re  general enough t o  a l l ow  the module 

manufacturer t o  choose from a v a r i e t y  o f  terminal  designs 

s p e c i f i c a ' l l y  s u i t e d  t o  a n y ' p a r t i c u l a r  module o r  panel 

,designs. There are, however, several s p e c i f i c  NEC and 

UL requirements concerning use o f  aluminum conductors, type 

o f  connector o r  contact ma te r ia l  al lowed f o r  quick connect 

terminals,  a l lowable ampacity f o r  qu ick  connect terminals,  

.and minimum al lowable j u n c t i o n  box volume f o r  any com- 

b i n a t i o n  o f  conductors, t h a t  should be re fe r red  t o  by the  

module manufacturer be fore  us ing them. 



. .  . . . . . ,  

Array.branch c i , r c u i t  'w. ir ing costs increase g r e a t l y  as. 

module s i z e  i s  reduced. ~ l e c t r i c a l  w i r i n g  costs do not  

vary s i g n i f i c a n t l y  among the three ar ray  configurat.ion.s 

considered i n  the vo l  t a g e s t u d y .  Terminal costs,  i .e., 

combined labor and mat.eria1 costs f o r  making connections 

between conductors and modules/panels, a re  t h e  p r i n c i p l e  

d r i v e r s  f o r  a r ray  branch c i r c u i t  "wir ing.  -. A modular qu ick  

connect w i r i n g  system can be s i g n i f i c a n t l y  less expensive 

than the  t r a d i t i o n a l  j u n c t i o n  box w i r i n g  system p a r t i c u l a r l y  

when t h e  ar ray  branch c i r c u i t  w i r i n g  i s  exposed t o  the 

weather as w i t h  a rack o r  s tandof f  mounting type. E lec t r i cad  . .  . 

w, i r ing  costs are  inverse ly  p ropor t i ona l  t o  ar ray  branch.: 

t i r c u i t  vo l tage l e v e l ;  however,'there i s  l i t t l e  t o  no d i f f e r -  

ence between the  100 and 220 v o l t  dc system costs.,. as * u n i t .  

costs f o r  t h i s  study were establ ished.  . . 

RECOMMENDATIONS: The module manufacturer should assume grounding w i  1 1  be. 

required,  espec ia l l y  i f  a metal frame i s  used, f o r  the 

p a n e l .  H o w e v e r , a n e l e c t r i c a l  t e s t i n g  l a b o r a t o r y s h o u l d  

be consulted concerning poss ib le  module/panel designs ' 

which could e l i m i n a t e  the  need f o r  a grounding conductor. 

The module manufacturer should r e f e r  t o  NEC Secti,ons 

250-72 and 250-92 f o r  approved grounding techniques. . .. 
. . 

The module nianufacturei could 'assume t h a t  the  #14'AWG 

minimum can be extended t o  #18 AWG, and f o l  l o u  t h a t  assump-. - 
t i o n  w i t h  an i n q u i r y  t o  a cable manufacturer concerning 

the  l i k e l i h o o d  of developing, o r  using an e x i s t i n g  cable . 

o the r  t h a n  those commonly used i n  the  b .u i ld ing  industry,  

t h a t  i s  s p e c i a l l y  app l icab le  t o  r e s i d e n t i a l  pho tovo l ta i c  

modules. I t  i s  u n l i k e l y ,  however, t h a t  any new cable can.'be . . 

cost  compet i t ive w i t h  Nonmetal 1 i.c Sheathed cable and under- 

ground ' feeder Cable. 

For s p e c i f i c  i 'nformatiori on mater ia l :  performance specifics- 
6ions, and. manufactur ing processes r e l a t e d  t o  m i  n i m i  z i ng 



cost, . ind iv idua l  terminal manufacturers, should be contacted. 

. . A quick connect terminal ,  i n  pa r t i cu l a r ,  should be heav i l y  

' .  investigated. 
. . 

3 .,' . . 
. . 

The cost d i  fference .between 100 and 30 v o l t  dc array branch 

c i r c u i t  w i r i ng  system i s  s ign i f icant .enough t o  r u l e  out con- 

. . s ide ra t ion .  f o  co l l ec t i on  systems less than 100 v o l t s  unless . 

some other t o t a l  system considerat ion makes i t  economical. 

GROUNDING REQUIREMENT STUDY 

A study was done es tab l i sh ing  grounding requirements f o r  res iden t ia l  photovo l ta ic  

modules and panels. The.purpose o f  t h i s  study was t o  i d e n t i f y  those design 

features which would require the use o f  a grounding conductor f o r  photovo l ta ic  

modules and panels. A l l  requirements have been.based on National E l e c t r i c a l  

code (NEC) general and equ i pinent-speci f i c grounding requi rements . The study 

s t a r t s  w i t h  NEC . d e f i n i t i o n s  f o r  grounding and grounded conductors, and a tabular  

summary o f  NEC sections reviewed as par t  o f  the study. Following the tab le  

are commentaries e laborat ing on important .s,ections i n  the Co'de. F i na l l y ,  

conclusions are drawn. 

The NEC dist inguishes between grounded .and grounding. The conductor connected 

t o  ground i s ca l  led.  the "grounded" conductor. Whereas the "grounding" conductor 

i s  the conductor used t o  connect noncurrent-carrying conductive par ts  o f  equip- 

ment t o  ground t o  prevent these ,parts from acqui.ring a po ten t i a l  above ground 

resu l t i ng  i n '  a hazardous. c0ndi.t ion. 
' 



Topic Reference D i scuss i'on 

D e f i n i t i o n s  

General 

DC Systems , ; ,  . 

NEC A r t i c l e  100 

NEC 250-1 

NEC 250-3 

Po in t  o f  Connection NEC 250-22 

Enclosure Grounding NEC 250-32, -33 

Defines the  scope o f  A r t i c l e  250, 
Grounding. 

- . Gives two and three-wi r e  'systems - 
grounding requ i remen t s .  

Equipment Grounding NEC 250-42, -43, 
-44,. -46 

Methods ' 

Bond i ng 

Th is  study conta ins several terms 
and equipment which may requ i re  . 
definition. 

NEC 250-50, -51, 
-57,' -58, -61 

NEC 250-70, -71 
-72, -75, -77, -78 

Spec i f ies  connect ion p o i n t  f o r  
system grounding conductor. 

Gives requi  rements f o r  serv ice .  
raceways :and o the r  metal enclosures. 

Requirements f o r  f l x e d  equipmetit, and 
man-electric equipment, and requ i re-  
ments f o r  spacing f-rom l i g h t n i n g  rods. 

Requirements f o r  equipment connec- 
t i o n s  and grounding paths, and 
def,ines equipment considered 
grounded. 

Gives general,. in format ion,  bonding 
f o r  se rv i  ce equ i pmen t , and' bond i ng 
methods. 

*  roundi in^ Conductors NEC 2'50-91 . Gives ma te r ia l s  and i n s t a l l a t i o n  
thi-ough -99 requi remen t s  f o r  grounding and 

equ i,pmen t conductors. 

Grounding Conductor NEC 250-111, -1 i3 ,  Gives examples o f  t y p i c a l  grounding 
Connections -117, -118 connections. 

NEC Sect ion 250-3, DC Systems, requ i res  grounding f o r  a l l  th ree w i r e  DC systems 

and f o r  two w i r e  DC systems except those below 50 V-DC and above 3QO V-DC. 

(The exceptipns f o r  two wi r e  systems needs explanation. The 50 v o l t  except ion  

I i s  easi  l y  understood; 1 . o ~  vo l tage means. lower safety hazard. The 300 v o l t  

except ion i s  ,not so e a s i l y  understood,#and has been the ' sub jec t  o f  minor contro-  

very . w i t h i n  t h e  NEC committees. It i s  a ho ld  over from ,the l a t e  1940's and 



e a r l y  50 's  when DC was a v a i l a b l e  i n  some c i t i .es .  At t h a t  ' t ime, equipment 

t h a t  operated on 300 v o l t s  was l i m i t e d  t o  permanent equipment such as over- 

head cranes. The equipment was grounded but  the  system was not .  The 300 

v o l t  exception should not  be expected t o  stay i,n e f fec t . )  I n  any case, t h i s '  

code section.does. not  impose a grounding requirement on the module or panel 

assuming. thesys tem i s  desi.gned so t h a t  power i.s bussed t o  a co l ' l ec t i on  box 

from which the  system could be grounded-. Th is  sec t ion  covers grounded systems 

ra the r  than grounding o f  equipment. 

NEC Sect ion 250-3, Po in t  o f  Connection f o r  DC Systems,' spec i f i es  grounding a t  

supply s t a t  ions ' i a the r  ' than i ndivi.dua1 services. The sect ion  s ta tes  "DC 

systems t o  be grounded s h a l l  have the grounding connect ion made a t  one o r  more 

supply s ta t ions .  ' A grou'ndirig connection s h a l l  no t  be made a t  i n d i v i d u a l  serv ices 

nor  a t  any p o i n t  on premi ses.wi  r ing. ' '  One reason f o r  the "point  o f  .c6nnection" 

requ i rement , ' suggested' by a NEC Commi t t e e  member, i s  because od underground water 

l i n e  cor ros ion  problems.be1ieved t o  be caused.by e a r t h  currents.  Pipe 

cor ros ion  was f requent ly  a problem w i t h . e i e c t - r i c a l l y  d r i ven  t r o l l e y s  which 

'used the r a i l  as th;grounded conductor. Re la t i ve  t o  PV r e s i d e n t i a l  app l ica t ions ,  

which'would ' t y p i c a l l y  use the  c i t y  water s u p p l y . l i n e  f o r  the grounding conductor, 

ea r th  cur rents  may not  be great  enough t o  cause any problems. I n  any case, 

t h i s  sect ion does n o t '  impose any grounding requirements on the  module o r   ane el, 
a s , . a y d i l i ,  It. I s  a systems concern.. 

NEC Sections 250-32 and 250-33 suggest t h a t  the panel w i l l  r equ i re  grounding 

i f  the panel frame i s  used as a.conductor raceway o r  enclosure. Sect ion 
. . 

250-32 s ta tes  t h a t  "metal enclosures f o r  serv ice  conductors on equipment s h a l l  

be grounded .I1 Sect ion 250-33 s ta tes  t h a t .  "metal eric1:osures . f o r  .:ot:l.rerl . t  han 
. 'I 

serv ice  conductors s h a l l  be grounded." From t h i s  i t  can be assumed t h a t  a l l  

metal enclosures which c a r r y  conductors requi.re grounding. 

Sect ion 250-42 ,a1 so suggests. . . groundi.ng; i t  -states t h a t  I1equi,pment fastened i n  

p lace o r  connected by permanent w i r i n g  methods and w i t h  exposed noncurrent- 

ca r ry ing  p a r t s  of f i x e d  equipment l i k e l y  to.become energized s h a l l  be' grounded." 

However>,, except ion. #2. of 250-42 and the  except ion t o  ,250-43 suggest t h a t  a 

w e l l  designed PV module t h a t  effectively i so la tes  l i v e  p a r t s  from metal frames 

may be granted except ion . f rom grounding. Sect ion 250-42, exception #2 s ta tes  

' 15-5 



t h a t  "metal frames of  e l e c t r i c a l l y  heated devices i n  which frames, s h a l l  be ' 

permanently and e f f e c t i v e l y  insu la ted  from ground s h a l l  be exempted by 
. . 

spec Pal permi ss ion  from t h i  s grounding requi rement .I1 The except ion  t o  250-43 

s ta tes :  "Generators and motor frames i n  an e l e c t r i c a l l y  operated organ 

(musical type) s h a l l  be, grounded except where the generator i s  e f f e c t i v e l y  

i nsu la ted  from ground and from the  motor d r i v i n g  it." From these two excep- 

t i ons ,  i t  can be assumed t h a t  a w e l l  designed PV modul'e o r  panel would be 

granted a s i m i l a r  except ion. 

Conclusions 

I n  summary. I t  appears as though grounding w i l l  be requ i red  f o r  those metal 

framed panels t h a t  use the  frame as a conductor raceway o r  enclosure. However, 

pane1,designs t h a t  do no t  use an i n t e g r a l  metal raceway can be granted an 

except ion from grounding i f  proper l y  designed. Module design requirements 

f o r  t h i s  grounding except ion would be determined by a recognized e l e c t r i c a l  

t e s t i n g  labora tory .  

(NEC approved techniques f o r  grounding are: 1)  bonding o f  metal frames and; 

2) use of grounding conductors. These techniques a r e  described i n  250-72 and 

250-92. Refer t o  the  .NEC Review, Appendix 4 ,  f o r  more in format ion.)  

W I R I N G  REQUIREMENTS AND COST STUDY 

A study was undertaken e s t a b l i s h i n g  w i r i n g  requirements f o r  pho tovo l ta i c  

modules and a r ray  branch c i  r c u i  t s  i d e n t i f y i n g  those w i  r i n g  systems t h a t  best 

meet these requirements. The purpose of  t h i s  study was t o  a r r i v e  a t  a l e a s t  

expensive w i r i n g  system t h a t  meets a l l  t he  necessary performance requirements. 

Performance requirements were based on a review o f  t he  w i r i n g  requirements 

es tab l ished by the  Nat ional  E l e c t r i c a l  Code (.NEC), and Underwr i ters Laborator ies 

(UL) Standard 57 f o r  E l e c t r i c a l  Cight  i,ng F i x tu res .  (Wi r i n g  f o r  1 i g h t  i ng  

f i x t u r e s  have several  t h ings  i n  common w i t h  PV panels, namely, opera t ing  

vo l tage,  opera t ing  temperature, and raceways i n t e g r a l  w i t h  the  metal frame.) 

The cos t  study was based on Robert Snow Means'' Mechanical and ~ J e c t r i c a l  Cost 

Data, Pi t tsburgh-area wholesale e l e c t r i c a l  s u p p l i e r s '  quotes, and several 

e l e c t r i c a l  w i r i n g  manufacturers suggested wholesale pr ices .  



The repo r t  presents a, general summary o f  t he  results. ,  the  NEC and UL.reviews, 

fo l lowed by a tabu la r  l i s t i n g  of requireme.nts and references. The approved 
. . 

w i r i n g  methods b e s ~  s u i t e d  for r e s i d e n t i a l  pho tovo l ta i c  a p p l i c a t i o n  a r e  then 

1 i s t e d  and b r i e f l y  described. The repo r t  ends . w i t h  the  summary tab le 'and  

some general concluding statements. 

Review o f  the  NEC and UL Standard 57 resu l ted  i n :  1) general requi rements 

f o r  p r o t e c t  ion,, ,operat ing vol tage,  w i r e  s ize ,  ,appl i c a t i o n  and ampaci t y ;  2) 

s p e c i f i c  i n s t a l l a t i o n  and a p p l i c a t i o n  requirements f o r  NEC-approved w i r i n g  

systems; and 3) a p a r t i a l  l i s t i n g  o f  UL w i r e  c l a s s i f i c a t i o n  in fo rmat ion  

i d e n t i f y i n g  i n s u l a t i o n  type, maximum opera t ing  temperature, and approved 

a p p l i c a t i o n  f o r  conductors and.cable.  

NEC and UL references f o r  the  above mentioned requirements a re  g iven i n  the 

f o l l o w i n g  tab le .  A l l  o f  the  references excep t , t he  tab les  a r e  included i n  the  

NEC Review - Appendix 4. 

W I R I N G  STUDY REVIEW SUMMARY 

REOU l REMENTS 

Genera 1 : 

. Pro tec t i on  

. Voltage 

. Wire Size 

. Appl i c a t i o n  

. Ampacity 

W i  r i n g  Sys tems 

Wire C l a s s i f i c a t i o n  

TABLE 15-2 

REFERENCES 

NEC A r t i c l e  110 

NEC Sect.ions 230-52, ,230-54, 300-4 

NEC Sect ion 300-2 and Table 402-3 

NEC Sect ions 310-5, 400-12, 410-23 

NEC Sect ions 225-4, 225-10, 230-43, 
230-52, 230-54, 310-7, 310-8, 
310-5(2) 

NEC Sect ions 310-19, 402-5 and Table 
402- 15 

NEC A r t i c l e s  320, 324, 328, 330, 333 
336, 339, 345, 346, 347, 348, 350,. 
352,. and UL 57-Sec. 16 

NEC ~ a b l e s  .'I 10-13. and 402-3 



From the  Code and UL reviews, i t  was determined t h a t  the  w i r i n g  systems meeting 

t h e  requirements. f o r  a r e s i d e n t i a l  PV i n s t a l  l a t i o n  are: I ) .  tnsu la ted Conductors 

(Type THw) i n  condui t  o r  i n  approved raceway; 2) Nonmeta 1 1  i c  Sheathed Cable 

(NM) ; 3) Underground Feeder and ~ k a n c h - ~ i  r c u i  t Cable (.uF) ; 4) Armored Cable 

(Ac, commonly re fe r red  t o  as Bx) ; and 5) a prewi red, module system (s,imi l a r  

t o  the Wiremold Co., ODs-Overhead D i s t r i b u t i o n  System). A b r i e f  desc r ip t i on  

and d iscussion o f  each o f  these w i r i n g  types as fo l lows:  

. lnsu la ted Conductors i n  Conduit o r  Approved Raceway 

The i n s u l a t i o n  conductors- in-conduit  o r  in-approved raceway w i r i n g  

system would t y p i c a l l y  use THW conductors. (THW i s  no t  the  on ly  

conductor s u i t a b l e  f o r  t h i s  system but  i t  i s  the  type most o f t e n  

used f o r  w i r i n g  i n  condu i t ) .  THW i s  a moisture and heat r e s i s t a n t  

thermoplast ic  conductor, ra ted a t  70 and 90°c, app l i cab le  f o r  d ry  

and wet locat ions.  I t  i s  a v a i l a b l e  i n  s izes  14 AWG through 2000 

MCM. (MCM = Thousand C i r c u l a r  Mi ls ,  AWG = American Wire Gauge) 

Pro tec t ion  f o r  wet l oca t ions  w i t h  an Insu la ted Conductor System 

would be provided by I ntermedi a t e  Metal ' ~ o n d u ' i  t ( I  MC) . IMC i s  

aernetal raceway o f  c i r c u l a r  cross sect ion,  constructed from 

galvanized s tee l  o r  aluminum. (Steel i s  less expensive than 

aluminum and was used f o r  t he  cos t i ng  study.) I M C  i s  th inner  

wa l led  than R i g i d  Metal Conduit (See N'EC A r t i c l e  346, and A r t i c l e  

345 f o r  IMC) and i s  less  expensive than R ig id  Metal. 

E l e c t r i c a l  Metal 1 i c  Tubing (EMT, see A r t i c l e  3481, commonly c a l l e d  

" t h i n  wal l " ,  i s  usua l l y  used indoors f o r  branch c i r c u i t i n g  and would 

be used w i t h  an lnsu la ted Conductor System fo r  d ry  locat ions  on ly  i n  

a r e s i d e n t i a l  PV system. EMT can be t rea ted f o r  use i n  wet l oca t ions  

but i s  seldom used t h i s  way. 

I t  i s  poss ib le  t h a t  an approved raceway can be in tegra ted i n t o  

.metal framed panels. Th.is raceway could be used f o r  wet o r  d ry  

locat ions,  if proper f i n i s h e s  and/or metals.were used. ' A n  

a1 umi num, gal  van ized s tee l  , o r  enamel -coated frame (.based on UL 



requi rements f o r  Rig i,d 'Metal Condui t) would be requ i red f o r  outdoor 

appl icat ion. '  The i n t e g r a l  raceway must a1 low f o r  access t o  connec- 

' t ions  and.mirst provide a means. f o r  runn ing ' the  w i r i ng .  [In f l o u r -  

escent l i g h t  f i x t u r e s  t h i s  i s  done by way o f  a snap-in metal pan o r  

pane 1 . ) 

Insulation 
Conductor 

, . . . ,  . .  
'Insulated Conductor 

(Type THW) 

FIGURE 15-1 

Nonmetal l ic Sheathed Cable (NM) 

Nonmetal l ic Sheathed Cable (NM) i s  a f a c t o r y  assembly o f  two o r  

more insu la ted conductors having an ou te r  sheath o f  moisture res i s -  

t an t ,  flame retardat i t ,  nonmetal l ic  ma'tertal (usua l ly  PVC).  (see 

A r t i c l e  336 f o r  r e p r i n t  o f  NM requirements). NM i s  approved f o r  use 

i n  dry  locat ions '  on ly ,  ra ted f o r  60°c, and permi t ted  f o r  use " i n  

one o r  two fami l y  dwel l ings, o r  m u l t i - f a m i l y  dwel l ings,  and o the r  

s t ruc tu res  not  exceeding three f l d o r s  above grade." Use o f  NM 

w i  thout  condu i t o r  raceways assirrnes t h a t  the ar ray  branch c i  I-cui t 

w i r i n g  w i l l  no t  be required t o  meet the  w i r i n g  requirements f o r  

serv ice  conductors. See Commentary f o l l o w i n g  NEC 230-43 f o r  f u r t h e r  

explanat ions. 

1- Conductors 
Insulation 
Ground Conductor 
Separator 
Serve 
Jac-ket 

Notimetal l ic .  Sheathed 
Cable (NM)' 

FIGURE 15-2 



Underground Feeder and Branch C i r c u i  t Cable (UF) 

Underground Feeder and Branch C i r c u i t  Cable (UF) i s  s imi  l a r  t o  

, NM but  i s  approved f o r  underground use; wet l oca t  ions, and where . . .. . . 
' 0 .  

.exposed t o  sun1 igh t .  UF i s  rated. f o r . 6 0  C maximum operat-ing' t e m p -  

e ra ture .  .UF has replaced NMC '2s h e  Nonmetal 1 i= Sheathed Cable .. . . .  . 

approved f o r  wet l oca t ions  (NMC i s  t h e  desi'gnat idn used' f 'or  a type 
o f  Nonmetal l ic Sheathed Cable t h a t  was specia1,ly approved f o r  wet 

locat ions ;  cable w i t h  the  NMC labe l  i s  no longer a v a i l a b l e ) ,  and 

does not  have the three-story,  r e s i d e n t i a l  l i m i t a t i o n  t h a t  NM has. 

Use o f  UF wi thout  condui t  o r  raceways .assumes the ar ray  branch 

c i r c u i t  w i r i n g  w i l l  n o t ' b e  requ i red  t o  meet the w i r i n g  requirements 

f o r  se rv i ce  conductors. See NEO 230-43 f o r  f u r t h e r  explanat ion.  : 

Conductors - Insulation 
Ground Conductors 
Jacket 

Underground Feeder 
Cable (UF) 

Fl GURE 15-3 

Armored Cable (Ac) 

Armored Cable (NEC designated AC, but  commonly ca l  l ed  Bx) i s  a 

fac to ry  fab r i ca ted  assembly o f  insu la ted conductors i n  a f l e x i b l e  

me ta l l i c ,  enclosure. AC i s  permi t ted  i n  dry locat ions ,  and i s  

ra ted a t  6o°C. It i s  t y p i c a l l y  used i n  commercial o r  o ther  bu i l d ings  

as a replacement f o r  NM. I t  i s  a c t u a l l y  a f a c t o r y  fab r i ca ted  

insu la ted  conductor- in-conduit  type w i r i n g  system. Use o f  BX w i thout  

condui t  o r  raceways assumes the ar ray  branch c i r c u i t  w i r i n g  w i l l  not  

be requ i red  t o m e e t  the w i r i n g  requirements f o r  serv ice  conductors. . 

See NEC 230-43 f o r  f u r t h e r  explanat ion.  



, . .  , . : . .  . . . . 
Copper Conducta 
.Flexible Steel Armor - Ground Conductor 
Jacket 

. . ,Flexible Armored Cable 
.. (BX) 

. Prewi r e d ,  Modular System . 

The prewired modular w i r i n g  system used f o r  the cost study i s  the 

ODs Overhead D i s t r i b u t i o n  System manufactured by the Wiremold 

Co., o f  West Har t ford ,  Connecticut. The ODS system i s  used f o r  

1 ight ing  and 'communications systems 'in commercial bui ld ings.  It .' 
. . .  . . .. . i s  U L  approved and meets NEC requi rements. Components include a 

BASIC RACEWAY SYSTEMS 

Cable Adapter 
Assembly 

Cable 
Adapter 

Receptacle 

ODS 2 Series 
7. . Plugmold with 

7  TERM^ NAL , . Recepfacle Harness 

Holecut 
Ea Cover Section 

Receptacle 
H a r n e ~  

Base Section 

RACEWAY 



raceway system and a cable.adapter  assembly. The raceway i s  

comprised o f  a base sect ion,  prewired receptacle harness, and a 

cover sect ion w i t h  receptacles located every 24 o r  30' inches. 

Four raceway s izes  are  ava'i lab le .  The raceway i s  t y p i c a l  l y  wired 

w i t h  #I2 AWG but  can be s p e c i a l l y  ordered prewired w i t h  o ther  

s lze' conductors. The system has the  capabi.1 i t y  :of a1 t e r n a t e l  

w i r i n g  receptacles t o  add c u r ~ e n t  capacity;  up t o  fou r  c i r c u i t s  

a re  standard. The cable adapter i s  made up o f  a three-pronged 

termina l ,  s i m i l a r  t 6 . a  statidai-d plug, and a s i x  f o o t  p iece o f  BX 
, . (_  

cable. The system i s  approved f o r  indoor use only.  I t  i s  covered 

by NEC A r t i c l e s .  545 and 353. 

The w i r i n g  cost  summary t a b l e  w.ith assoc ia ted notes fo l l ow .  From t h i s  summary, 

i t  i s  apparent t h a t  the.~most economical cable o r  conductbr systems s u i t a b l e  

f o r  r e s i d e n t i a l  phot6vol ta i .c  systems a re  the Nonmetal l ic Sheathed Cable, (NM)  

and Armored Cable (BX) f o r  w i r i n g  i n  dry locat ions  snd Underground Feeder 

and Branch C i r c u i t  cable ( u ~ )  f o r  w i r i n g  i n  wet locat ions.  . . 



a* M =   ate rial Cost 
L = Labor Cost 
T = Total  Cost 

W l Rl NG COST SUMMARY ' 
TABLE 15-3 

1975 DOLLARS/100 FT 

SYSTEM ;? THW 
TYPE W/O CONDUIT 

THW 
W/EMT 

THW, 
W/ l MC NM 

# OF WIRES'  3 

COST 
BREAKDOWN M L T  M L T  M L T  M L T  M L T  M L T  M L T  

AWG/CONDUIT 
Dl AMETER 

#14 CONDUCTOR 7 21 28 
(1 /2") CONDU l Tg 53 53= 
TOTAL ( $ / I  00 FT) . 7 . f l  8-i 

# I2  CONDUCTOR 10 25 35 
(I /218 CONDUIT) 53 53 

TOTAL nZ88 

# l o  CONDUCTOR 16 ' 27 43 
( 1 /2") CONDU l T 53 53 

TOTAL Tb % 

18 CONDUCTOR 27 34 61 
(1") CONDUIT 53 53 

TOTAL 7 i  B'ilfl 

#6 CONDUCTOR 32 42 74 
. (1") CONDUIT 53 53 - -- 

TOTAL . 32 95 127 

* THW W/O CONDUIT = Type THW Conductors With Panel Frame Used As Raceway 
THW W/EMT = Type THW Conductors With, E l e c t r i c a l  Metal Tubing (Su i tab le  For Dry Locations) 
THW W / I M C  = Type THW Conductors With Intermediate Metal Conduit (Sui table For Wet ~ o c a t i o n s )  
NM = Nonmetal l i c  Sheathed Cable (Dry ~ o c a t i o n s )  
UF = Underground Feeder Cable (Wet Locat ions) . . 

' EX, = Armored.Cable ( ~ r ~  Locations) 
ODs = Prewired Modular System Cal led Overhead D i s t r i b u t i o n  System ( ~ r y  ~ o c a t i o n s )  



TERMINAL STUDY 

This study was conducted t o  e s t a b l i s h  requirements f o r  pho tovo l ta i c  module/ 

panel terminals and ar ray  branch c i r c u i , t  interconnects. . 

The study i s  based on NEC requirements for sp l ices ,  terminals,  and;connections 

and requirements fo r  quick-connect . terminals as es tab l ished by UL Standard 

310. NEC requirements a re  summarized in.   able 1. References are  made t o  

NEC sec t ions  t h a t  can be found i n  the  NEC Review, ~ ~ ~ e n d i x  4, o f  t h i s  

document . 
. . . : .  

Fol lowing the NEC and UL Standard Requi'rements i s  a general d iscussion o f  ' 

PV te rmina l  and interconnect  design requirements. The study concludes w i t h  

a desc r ip t i on  and d iscussion o f  two qu ick  connections c u r r e n t l y  manufactured. 

TERM l NAL REQU 1 REMENTS REV I EW SUMMARY 
TABLE 15-4 

Requirements 

Genera 1 

NEC Reference 

11 0- 14 

Outdoor App l i ca t i on  225-4 

230-26 

Boxes and F i t t i n g s  300- 15 

Safety 

D i scuss,i~on 

Establ i shes' general requi rements ,. 

f o r  terminals and sp l i ces  t o  
inc lude pressure connectors. 
See commentary f o l  lowing 110-14(a). 

Establ i shes requi rements - f o r  
conductor cover ing 

Spec i f ies  clearances f o r  p o i n t  
o f  attachment t o  the  bu i l d ing .  

Spec i f ies  i n s t a l l a t i o n  requirements 

Spec i f ies  i n s t a l l a t i o n  d e t a i l s  f o r  
en te r ing  a bu i l d ing .  

,Speci f ies r a i n t i g h t  serv ice  head 
f o r  serv ice  raceways. 

General requi  rements f o r  boxes 
and f i t t i n g s .  

Spec i f i c  boxes for.damp o r  wet 
locat ions.  t(eatherproof defined. . 

Number of conductors al lowed i n  
j u n c t i o n  boxes. 

Requirements' fo r  guarding o f  l i v e  
p a r t s  - see commentary. 



MEC REQUIREMENTS 

The NEC f o r  the most p a r t  es tab l ishes  very  general,  n ~ n s p e c i f i c  requirements 

f o r  terminals .  For example, NEC ~ect ion.1 '10-14 . . requi res  t h a t  connect ion 

"devices such as pressure terminal  o r  pressure sp l  ici;ng connectors .and so lder -  

ing  lugs s h a l l  be s u i t a b l e  f o r  t h e  ma te r ia l  o f  the  conductor and s h a l l  be 

proper ly  i n s t a l l e d  and used", and warns ag'ainst use o'f conductors o f  d i s s i m i l a r  

metals unless the  te rmina l ,  connector, o r  "device i s  s u i t a b l e  f o r .  the purpose 

and c o n d i t i o n s ' o f  use". Sect ion 110-14 (a) requ i res  t h a t  "connection o f  con- 

ductors t o  termina'l p a r t s  ... s h a l l  be-made by means o f  pressure connectors 

( i n c l u d i n g  set-screw type) ,  so lder  lugs, o r  s p l i c e s  t o  f l e x i b l e  leads. More 

s p e c i f i c  requirements a re  given i n  the'NEC Handbook. Commentary f o l l o w i n g  Sect ion 

110-14 which s t a t e s  t h a t  " p i g t a i l i n g ,  e i t h e r  f i e l d -  o r  , factory-wired,  i s  

recogn i zed by the NEC .I1 

NEC Sect ion 300-15 (a) es tab l ishes  requirements f o r  boxes and f i t t i n g s .  I t  

s ta tes :  "A box o r  f i t t i n g  s h a l l  be i n s t a l l e d  a t  each conductor s p l i c e  

connect ion po in t ,  o u t l e t ,  sw i tch  p o i n t ,  j u n c t i o n  p o i n t ,  o r  p u l l  p o i n t  f o r  

the connect ion o f  c o n d u i t , ~ e l e c t r i c a l  m e t a l l i c  tubing,  sur face raceway, o r  

o the r  raceways." An except ion t o  t h i s ,  a l lows conductors sp l i ces  i n  sur face 

raceways, wireways and o the r  s i m i l a r  enclosures having removable covers which 

make the  sp l  i c e  access'i b l e  a f t e r  insta!lation. 

NEC Sect ion 300-15 (b) es tab l ishes  requirements f o r  boxes on ly .  I t  s ta tes :  

"A box s h a l l  be i n s t a l l e d  a t  each.conductor s p l i c e  connect ion p o i n t ,  o u t l e t ,  

sw i tch  p o i n t ,  j u n c t i o n  p o i n t ,  o r  p u l l  p o i n t  f o r  the  connect ion o f  Type AC 

cable, Type MC cable,  minera l  i nsu la ted  metal-sheathed cable, nonmeta l l i c -  

sheathed cable, o r  o the r  cables, a t  t he  connection p o i n t  between any such 

cable system and a raceway system and a t  each o u t l e t  and swi tch  p o i n t  f o r  

concealed knob-and-tube w i  r ing."  Except ion  i s  granted " f o r  i nsu la ted  ou t  l e t  

devices supp l ied  by nonmetallic-sheathed cable". and "where accessi.ble f i t t i n g s  

approved f o r  the purpose a re  used f ~ r  s t ~ a i g h t - t h r o u g h  s p l i c e s  i.n minera l  

i nsu la ted  metal-sheathed cable. 



. .  . ~ ' S  

NEC Sect ion 370-5 gives. requi.rements f o r  connections i n  u e t ' o r  damp.locations. 

I t  states:. " I n  damp o r  wet locati.ons, boxes.and f i . t tFngs s h a l l  be sa,p laced 

o r  equipped as t o  prevent moisture from enteri.,ng o r  a c ~ u r n u l a t ' i n ~  w i t h i n  t h e  b o x  

o r  f i t t i n g .  Boxes and f i t t i n g s  i n s t a l l e d  i n  n e t  l oca t ions .sha l1  be approved 

f o r  . t he  purpose." 

NEC Sect ion 370-6 g ives mini.mum cub ic  inch capaci ty  requirements f o r  ' j u n c t i o n  

boxes, so s u f f i c i e n t  f r e e  space f o r  conductors i s  provided. 

. . 
:" . :A,: . . ,  . 

UL standard '310 - ' ~ u i c k  Connect ~e rm ina l ' s .  

"For the  purpose 'o f  t h i s  standard", quot ing  d i  r e c t l y  from Standard 310, 

UL d e f i n e s ' t h e  f o l l o w i n g  terms: 

.' . 
"Quick-Connect Wir ing ~ e r m i n i t i b n  - An e l e c t r i c a l  'connect ion c o n s i s t i n g  
o f  a male tab  and female connector, t h a t  can 'be readi l y  engaged o r  . . 

disengaged wi thout  the  u,se o f  a t o o l  - he re ina f te r  re fe r red  t o  as a 
terminal  .'I 

"Production Tab - The pa.rt o f  a te rmha1  t h a t  i s  t o  be inser ted  i n  a 
connector, manufactured.to spec i f i ed  tolerances, 'and intended t o  mate 
properl 'y wi th,  a connector when employed i n  a c i r c u i t  f o r  a func t i ona l  
purpose o the r  than the  t e s t s  described i n  Sect ion 7 - 13." 

"Test Tab - A tab  made t o  spec i f i ed  to lerances f o r  conduct ing e l e c t r i c a l  
mechanical, and temperature-r ise tes ts .  Test tabs a re  used t o  prov ide  
an accurate base f o r  t e s t  measurements." 

"Connector - The p a r t  of a terminal  t h a t  receives a tab." 

Review o f  t h i s  standard resu l ted  i n  two important l ' im i ta t i ons  i n  rega rd  t o  

ma te r ia l s  and ampacity. UL excerpts h d i c a t i n g  these l i m i t a t i o n s  fo l low.  

. Mater ia l  L i m i t a t i o n s  

Connector Ma te r ia l s  - A connector s h a l l  be p l a t e d  o r  unplated copper 
a1 loy.  

Tabs - A product ion tab  s h a l l  be p la ted  o r  unplated copper a l l o y .  
Exception: A product ion tab  intended f o r  use i n  an appl iance o r  
equipment t h a t  complies w i t h  the  requ'irements f o r  such appl iance o r  
equipment may be p la ted  s tee l  o r  unplated s tee l  i f  of a cor ros ion  
r e s i s t a n t  a l l o y .  . . 



For the  mechanical t es ts ,  a t e s t  tab  s h a l l  be unplated brass, CDA 
A l l o y  260, as i d e n t i f i e d  i n  the  Copper Development Associat ion Standard 
Handbook, 1973; and f o r  t he  temperature-r ise tes ts ,  s h a l l  be t i n  
p l a t e d  o r  cor ros ion  r e s i s t a n t  s tee l  having a hardness o f  62 .A- + 7 on the  
Rockwell, jUI scale. 

Exception: An unplated brass t e s t  tab, CDA A1 l o y  26d,. may be used f o r  
t h e  temperature-r ise t e s t  of a connector intended fo r  use on ly  w i t h  
product ion tabs o f  copper a l l o y .  

. Ampacity L i m i t a t i o n  , . . 

Ampac i t y  - These requ i rements apply t o  qu i ck-connect terminals designed 
f o r  use w i t h  Nos. 22 - 10 AWG copper conductors f o r  i n t e r n a l  w i r i n g  
connections i n  e l e c t r i c a l  equipment, and f o r  the f i e l d  te rminat ion  o f  
conductors t o  e l e c t , r i c a l  equipment'. ' 

. . . . 

UL representa t ive  M r .  Hames o f  the  Northbrook, UL Labs mentioned i n  conversat ion 

t h a t  t he  #22-10 AWG range f o r  qu i ck  connect has resu l ted  from manufacturers' 

requests r a t h e r  than from physical  connector constra int , ,  and t h a t  changes . . . .. 
i n  e x i s t i n g  stand-ards .tq inc lude la rge r  conductors are  possib le.  

General PV Terminal and Interconnect  Design Requirements 
, J 

. . 

Based on t h e . ~ ~ c a n d  UL requirements f o r  connections, general PV terminal  

requirements were establ ished. They are as fo l lows:  

1. Safety 

Module/panels s h a l l  be designed t o  ensure sa fe ty  by guarding o f  

l i v e  w i res  against  accidenta l  contact  t h a t  might occur dur ing  

insta11at ion.and replacement ... I n  oneatechnique now being used, 

. . te rmina ls  a.re shorted dur ing  i n s t a l l a t i o n  by a conductor connected 

t o  t h e  p o s i t i v e  and negat ive terminals.  Disconnect ion i s  made by 

c u t t i n g  the  conductor a f t e r  the  ar ray  i s  wired. 

A s impler  s o l u t i o n  t o  prevent against  acc identa l  contact  seems t o  

be. a recessed terminal  s i m i l a r - . t o  t h a t  used in 's tandard . receptac les .  
. . 

  hi's . te rmina l  design i s  c u r r e n t l y  used i n  an overhead 1 i g h t i n g  
. . . . 

d i , s t r i  but  ion. system t h a t  meets .UL standards. and i s  recognized as 

sa fe  by the  NEC (see w i r i n g  study f o r  a desc r ip t i on  o f  t hew i remo ld  

ODs). I t was 1 earned from J. ~ u s s . 0  o f  W i  remold Co. , t'hat some 



quick  connect systems werO having t roub le  re&iv ing UL '  approval 

and NEC recogni t ion because o f  the possib i  1 i t y  of exposing ,. . 1 i ve  
. , . * . . 

tabs . (male . contacts) upon re locat ion o f  1 i gh t  ing f ix tures.  . , (One 

o f  the ma i n  s e l l  i,ng po in ts  of a 'quick 'connect Overhead ' ~ i  s t r i  but ion- 
. x 

type-system i s  ' t h a t  l igh t ing f i x t u r e  locat ion can . be . east l y  changed 

i f  f o r  example the- f u r n i t u r e  layout o f  ' t h e , o f f  i ce  spice below were 

changed. The W i  remold ODS req"i r i s  hard w i r i n g  o f  6 foo t  length 

of BX cable t o  t he  l i gh t i ng . ' f  i ~ t j r e '  conductois fol lowed by ' i nser t ion  
. .  . 

o f  the plug or tab assembly (male contacts) i n t o  a receptacle. 
.: . . +.!.',I: .,; * l .*., . , .... 

. I .  

Rearrangement o f  the l i g h t i n g  f i x tu res  would be done by detachment 

o f  the plug c u t t i n g  power t o  the f i x t u r e  - resu l t i ng  i n  no 

hazard. ) 

~ e ' l a t  i ve  t o  PV systems, t h i s  no hazard requi rement 'presents a 
. . . . 

p't-dblem. However, this.dange.rous o r  hazardous condi t ion,  ac tua l l y  

resu l t i ng  from ignoran.ce or. carelessness, can be remedied by 

proper label  ing ' o f  the equipment and connectors as t o  the hazard 

involved. 

2. F l e x i b i l i t y  

Because o f  the va r i e t y  l i k e l y  t o  be encountered i n  res iden t ia l  

app l ica t ions ( roof  size, shape, arid constructi.on detai  1), terminals 

should be designed t o  a l low ser ies /para l le l  connections such tha t  

any des i red ar ray conf igura't ion can be. accomodated. ' I deal l y  , 
t h i s  sha l l  be done w i t h  'a minimal .number o f  terminal and interconnect 

. . 

types. 

. . 
3. Ease o f  I n s t a l l a t i o n  

Simple connections are  desirab.le, tha t  i s ,  connections requiri,ng one 

o r  no tools.  

Termi na 1 s, interconnects and conductors could be co lo r  coded t o  
. .  . 

ins"re proper s e r i e d p a r a l  l e l  connection. A "fool proof" i n s t a l  l a t i o n  
- .  .. . .  . ~. 

system, i s  conceivable where pre-cut cable and fact0r.y fabr icated 
. . . . . . 

terminal s need on ly  be snapped together requi r i n g  no understanding 
, .  . . 

i 



o f  the basic e l e c t r i c a l  p r i nc i p l es  involved. This would e l iminate  

the need f o r  the e1ect r ic ian. thereby reducing ins ta l l .a t ion  costs. 
I ,  ' .  ' 

. . '  . n 

A word o f  caution however - -  i f  ti cquick connect system. as described 

above i s  developed, areas of labor jurisdiction - must be defined. 

A ,modular school ' construct ion sy=tem ( k h o o l  Construct ion System 
' I  ' 

~ e v e l o ~ i e n t ,  SCSD) developed i n  ' the 1960''s experienced e a r l y  f a i  lures 

p a r t l y  'because o f  i n i t i a l  j u r i s d i c t i s n a l  problems associated w i t h  

a cei  1 ing system in tegra t ing  ' the l i g h t i n g  f i x t u r e ,  a i r  condi t ion- 

ing terminal,  and c e i l i n g  panels. I n s t a l l a t i o n  cost savings w i t h  

t h i s  i n,tegrated system were not  . . rea l  i zed where en"! s ioned each o f  

the three labo,r d i s c l p l  ines performed i n  the work i n  areas not 

o r i g i na l ' l y  ant ic ipated.  

4. Rep 1 acement 
a .. 

- Terminals should be designed t o  minimize repa i r  and replacement 

costs. This means terminals sha l l  be designed so that.engagement 

and ' d . . i sengagernen t can  be eas 1 1 y ach i eved and requ i r e  no rep 1 acemen t 

o f  parts. . .  . 

Access ib i l i t y  a t  the po in t  of.connection -- whether i t  be the 

junc t ion  box, enclosure, o r  .raceway -- i s  necessary f o r  maintenance . . 
o f  the system. 

. . 

I n  general, a c c k i s i b i l i t y ,  regardles; o f  mounting types, requires 

tha t  e i t h e r  . (1) . the po in t  bf connection must be accessible from 

the face o r  stde o f  the panel (which'may decrease net co l l ec to r  

area), (2) the panels must be removed f o r  access , t o  the e l e c t r i c a l  

connect ions, o r  (3) the po in t  o f  connect ion i s  accessi b l e  from 
. . 

the rear. 
, . 

5. Durab i l i t y  and S t a b i l i t y  

The terminal should be environmentally and phys ica l l y  stable. I f  

t o t a l l y  exposed t o  thk outdoors, . . i t  must be deiigned to' pro tect  

agai ns t  penetrat ion by watei,  degradation by sun1 i ght , ozone, and 

any other envi ronmental hazards The terminal should 

a lso b e  protected 'from 'physl ca l  damage, a n d  the connect ion should 

remain s tab le  for t h e  l i f e  o f  the' system. 
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6. Cost 

Minimum cost yet  maximum performance terminals and interconnects 

a r e  requi red. 

A combined funct ion system may be the best approach t o  low costs. 

A s t ruc tu ra l  system which a lso serves t o  conduct e l e c t r i c i t y  and 

an e l e c t r i c a l  terminal which a lso connects the panel t o  the 

s t ruc tu re  could minimize both mater ia ls 'and labor. Further 

research i n t o  the technical  and economical f e a s i b i l i t y  o f  an 

integrated system should be performed. 

Quick Connectors - Examples 

. Nonmeta~l 1 i c  Sheathed Cable, Connector. .' ..(Figures 15-6 and 15-7) 

Amp Inc. o f  Harrisburg, PA~manufactures'a~connector intended f o r  use i n  

modular o r  manufactured bu i ld ing  (,as#defined i n  NEC A r t i c l e  445). I t  i s  a 

hermaphroditic terminal design l i m i t e d  fo r .use  w i t h  #12 and, #10 AWG NM 

Cable. The connector i s  designed such tha t  the cable does not  have t o  be 

's t r ipped t o  connect the terminal contacts t o  the conductors.   his i s  done 

by kni fe.  contacts tha t  p ierce the canductor in.sulation. ,The  connector i s  

intended fo r  use i n  dry locat ions only. No other performance spec i f ica t ions 

were ava i lab le  a t  the time of  f i n a 1 , p r i n t i n g  of t h i s  document. The connector 

wholesales f o r  $1.00; mated pa i r .  (1978 pr ices) . . '  ' ' 

. . 

. Sure Seal 'connector ( ~ i ~ u r e  15-8) 

ITT Cannon of Santa Ana, CA .has developed a "'low cos't envi'ronmental connector 

t a i l o r e d  t o  f i t  i n t o  such areas as. marine, recreation, household appliance, 

so la r  energy, and ag r i cu l t u ra l  appl icat ions.  These sealed' connectors 

s a t i s f y  a1 1 the parameters defined by aut 'omotive/ industr ial  "standards f o r  

shock, v ib ra t ion ,  temperature cycl  ing, s a l t  water spray and immersion, and 

low m i l l i v o l t  drop and low. contact resistance." Although w ~ r e  range i s  

l i m i t e d  to .#14  through #18 AWG, the manufacturer indicated larger  sizes can 

be manufactured a t  s l i g h t l y  increased costs. 

Quoting froin Bechtel Corporations1 "Engineering . . S.tudy o f  the Module/Array 

Inter face f o r  Large Te r res t r i a l  Photovoltaic Arrays", June 19.77, Ftnal Report, 



The nonmetal li c sheathed cable 
connector ' shown in Figure 545 2 
after being 'joined together 

(Amp Inc.1 

FIGURE 15-6 
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Non ~ e t a l l i c  Sheathed Cable Connector 
Amp Iric. 



(ERDA/JPL/g54698-77/1) , Sure Seal "envi ronmental performance was genera1.l y 

good except t h a t  the  connector bodies (composed o f  a n i t r i  l e  rubber and PVC 

compound) were at tacked harsh ly  i n  ozone.and u l t r a  v i o l e t  env i ryments . "  

The manufacturer has been contacted by,MASA - Lewis Research Center, Cleveland, 

OH, about development o f  a E t  hy l,,,ene Propy 1 ene D i ene Monomer (.EPDM ozone and 

UV r e s i s t a n t )  vers ion  of t he  Sure Seal. The EPDM vers ion i s  expected t o  

increase cos t  by 8: 10%-over the PVC - n i t r i l e ' c o m p o s i t i o n .  Conservative 

cos t  est imates f o r  t he  EPDM connector f r a m  c,onversat ions w i t h  manufacturers 

representa t ive  are:  # I 4  - 18, $1.50/three'.pronged mated pair.; #10 - 12, 

$2.50/three' pronged . . mated p a i r ;  and #4 .- -8,* $3.00/three pronged - ,  mated p a i r .  .. 

These are  1978 pr ices.  

Raised lndw'ingj Rib 

Recessed Socket Contact 

L~ tandard  Stamped Contact 
Multiple ~ ipp leJ  L ( ~ i r e  omitted f a  =iarity) 
Wire Seals .- 

FIGURE 15-8 
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CONCLUSIONS 

Both the  NCC and UL e s L d ~ 1 i s l i  safety. requirements t o r  connections, terminals,  

and sp l  i ces  t h a t  are, general enough t o  a1 low the  module manufacturer t o  choose 

from a v a r i e t y  of terminal  des,igns f o r  any speci'f i c  module o r  panel design. 

For example, the NEC requi. res the  u s e ' o f  boxes o r  f i t t t n g s  a t  connection 

po in ts ,  sp l ices ,  e t c .  iiowever, a f i ' t t i ' ng  i s  genera l ly  def ined as "an 

accessory such as a locknut,  bushing; o r  o the r  p a r t  o f  a w i r i n g  system t h a t  

i s  intended p r imar i  l y  t o  .perform a mechanical ra the r  than an e l e c t r i c a l  

funct ion."  Also, the  NEC requ i res " tha t  boxes and f i t t i n g s  used i n  damp 

o r  wet locat ions  must be equipped o r  so placed t o  prevent moisture from 

enter ing  o r  accumulating. 

However, there are  several s p e c i f i c  requirements t h a t  the module manufacturer 

should b.e aware of .  These requirements, referenced and elaborated on i n  the  

t e x t ,  r e l a t e  t o  the  use o f ,  aluminum conductors, the type o f  connector o r  

contact  ma te r ia l s  f o r , q u i c k  connect type terminals,  ampaci t y  f o r  qu ick  

connect terminals,  and minimum volume f o r  junc t ion-boxes. ,  For more s p e c i f i c  

in format ion on what op t ions  e x i s t ,  i n  rega rds . to  ma te r ia l s  a v a i l a b i l i t y ,  

c a p a b i l i t i e s ,  l i m i t a t i o n s ,  and manufacturing processes and cost ,  the  module 

manufacturer would do b e t t e r  t o  contact  a terminal  -manufacturer. 

VOLTAGE STUDY . . 

This study was conducted t o  determine the  e f fec t  o f  vo l  t?ge l e v e l  on e l e c t r i c a l  

w i r i n g  costs f o r  r e s i d e n t i a l  pho tovo l ta i c  arrays. The th ree vol tage l e v e l s  

s tudies were 30, 100 and 220 V o l t s  dc. 

Wir ing, connection, and grounding requirements were es tab l ished i n  the  

preceeding w i r i n g ,  terminal ,  and grounding studies. From these studies,  two 

leas t  expensive w i r i n g  sys.tems meeti.ng the requirements o f  t h e  Code were 

i d e n t i f i e d  and a r e  us.ed i n  t h i s  study. These a r e : .  l ) . n o n m e t a i l i c  sheathed 

cable i n  j u n c t i o n  boxes and 2) a modular qu ick  connect system. A b r i e f  

desc r ip t i on  o f  these w i r i n g  systems fol low. 



The J-Box system uses Nonmetal 1 i c  Sheathed Cable (NM) i n  nonmetal 1 i c  

j unc t i on  boxes f o r  w i r i n g  i n  dry locat ions ,  and Underground Feeder . 

Cable (UF) i n  weatherproof boxes f o r  wet l o c a t  ions. This system 

requires a j u n c t i o n  box t o  be i n s t a l l e d  a t  each panel w i t h  a l l  

connections f o r  a r ray  branch c i r c u i t  w i r i n g  being made w i t h i n  boxes. 

The basic components of each box connection are the box, box cover, 

f i t t i n g s ,  and w i r e  connection devices. Wire connection devices 

t y p i c a l l y  used i n  j unc t i on  boxes are  w i r e  nuts (other ,  more expensive 

types a re  a l so  w ide ly  used, but  have no t  been considered i n  t h i s  

study).  Labor involved includes attachment of the  box, fas ten ing 

o f  the f i t t i n g s  t o  the  box, s t r i p p i n g  o f  t he  w i res  and/or cable 

sheathing, i n s e r t i o n  o f  t he  w i res  through the  f i t t i n g s ,  and connec- 

t i o n  o f  the  w i res  by way o f  w i r e  nuts. 

The modular qu ick  connect (MQC) system uses fac to ry - fab r i ca ted  

cable/qui ck connector assembl ies.  (see .Figure 15-9) Thi s system 

i s  a conceptual mod i f i ca t i on  o f  the-Wiremold Overhead D i s t r i b u t i o n  

System (ODS). (For a desc r ip t i on  of.. ODs, see Wir ing Study:;) Rather 

than a receptacle harness i n  a m e t a l l i c  raceway, the  MQC system 

uses nonmeta l l i c  sheathed cable and qu ick  connectors. A>mod i f i ed  

ODs was used f o r  two reasons: 1) NM cable i s  l ess  expensive than 

the  m e t a l l i c  raceway wh i le  s t i l l  meeting NEC requirements f o r  

r e s i d e n t i a l  app l i ca t i ons ,  and 2) ODs i s  no t  approved f o r  wet locat ions.  

The components o f  the assembly as developed f o r  t h i s  study, a re  a 

2, 3.5, 5, 9 o r  10 foo t  cable (cable length  dependent on module and 
' . : 

panel s izes)  and three, three-conductor qu ick  connector halves -- 
t w o m a ~ e h a l v e s a n d o n e f e m a l e h a l f .  ( s e e F i g u r e 1 5 - 9 )  Tota l  

connector mater ia ls  per assembly would be two mated p a i r s  ( i f  an 

add i t i ona l  female receptacle f o r  the  panel terminal  i s  included, 

i.e., th ree h a l f  terminals and one h a l f  terminal  makes . . 
two mated p a i r s ) .  Factsry fabricati:on. would i.nvolve th ree conductor 

t o  contact  connections fo r .each connector ha l f .  The assembly could 

be ra ted . # I8  - #4. AUG and approved f o r  d ry  and/o'r wet l oca t  ions i f  

the  p'roper cable and connectors a re  used. . S i t e  l a b o r ~ i n v o l v e s  qu ick  

connect attachment o f  assembl ies  t o  the  panels. Assernbl ies  would be 



ra ted f o r ' a  maximum number of p a r a l l e l  e l e c t r i c a l  connections. The number o f  

panels whi.ch could be "s'trung" together.would be dependent on ' the output  and 

operat ing voltage. o f  the.;,panel. Also t'e'qiiired w i t h , t h i s  sys tem' is  the w i r i n g  

o f  qu ick  connect malk terminals t o  the ar ray  branch c i r c u i t  conductors. that  

bus power t o  a xentra.1 col l ec t , ion  po in t .  . 

r Pigtail Connection - 

5', 9' 
or, 

. . 
10' lengths 

. . .  
FIGURE 15-9 

. . 

. . 

Uni ts  costs f o r  ma te r ia l  and ' labor used f o r  both o f  these systems are show" i n  
. .. 

Tables 15-8 and15-9. ~ ' i r i n g c o s t s  f o r  two ar ray  conf igura t ions  - a .16 '  x 671 

ar ray  comprised o f  50 - 32 by 96 inch panels and.a 16' x 68' a r ray  compri,sed 
. - .  . . 

of 68 - 48 by 48 inch panels are shown in ,Tab les  15-6 and 15-7. The w i r i n g  . . 

costs f o r  the MQC, both Met and dry systems, and the J-box., both wet and dry., 

are c a l c u l a t e d ' a t  a r ray  voltages of 220, 100 and 30 Vdc. 
r . .  ,: . . .  . . . . 



I n  a d d i t i o n  t o  the  systems shown, w i r i n g  . . costs f o r  two o the r  a r ray  conf igur -  

a t i ons  were ca lcu la ted '  t o  determine the e f f e c t  ' o f  con.f fgurat ion on cost.  The 

arrays studied were an 8'  x.'132' and ii 24' x 44' - both comprised o f  66 -. 

48" x 48" panels. As i s  seen i n  F igure 15-12 and Table 15-7, 'array configura'- 

t i o n  has l i t t l e  e f f e i t  on t o t a l  cost.'. ~ . a l c u l a t i o n s  f o r  the  8 '  x 132' and 

24' x 45' arrays made up o f  32 by. 96 inch panels. y i e l d  s i m i l a r  r e s u l t s  as seen 

i n  F igure  15-11 and Table 15-6. 

Also shown i n  Table 15-5 a n d . ~ i g u r e  15-10 are w i r i n g  costs f o r  .the ar rays  

assuming each panel i s  made up o f  smal'ler modules, The two module s izes 

assumed are  16" x 24" and 16" x 48". The i n t e r n a l  w i r i n g  system i s  assumed 

t o  be a q'uick connect system s i m i l a r  t o  the  MQC system'described. The purpose, 

o f  t h i s  p o r t i o n  o f  the study was t o  est imate the added e l e c t r i c a l  costs assoc- 

i a t e d  w i t h  smal ler  modules. 

Some general notes fo l low.  These notes. a re  Intended t o  f u r t h e r  c l a r i f y  t h e  

study by exp la in ing  a d d i t i o n a l  assumptions t h a t  were made. 

1; .  E l e c t r i c a l  s p e c i f i c a t i o n s  f o r  panels used . i r i  , t h i s  study are  g iven i n  

~ i ~ u r e s  15-Tf3 through 15-18. 

2. Ampacity f o r  cable and conductors I s  based on NEC Ampacity Table 310-16. 

Conductors were assumed ra ted f o r  60 degree C cor rec ted by a 0.88 fac to r  

f o r  an assumed opera t ing  temperature o f  31 - 40 degrees C (86 - 104 degrees 

F). ( S ~ ~ ' N E C  Review, A r t i c l e  310, Table 310-16.) 

3. A1 1 a r ray  branch c i  r c u i  t conductors were 'bussed t o  a co l  l e c t  i on  p o i n t  

located d i  r e c t  l y  above the  .center .l ine o f  each ar ray  conf igura t ion .  

4. Where possib le,  i t  was attempted t o  match ar ray  c o n f i g u r a t i o n  and load 

w i t h  conductor s i z e  so t h a t  each conductor was used most e f f i c i e n t l y .  

Th is  seemed p a r t i c u l a r l y  important w i t h  the  MQC system. 

5. ONE PARTICULARLY SENSITIVE ASSUMPTION WAS THAT USED FOR THE LABOR COSTS 

INVOLVED IN MANUFACTURING THE MQC ASSEMBLY. . The f i g u r e  used was a r r i v e d  

a t  through a ser ies  o f  assumptions based on w i r i n g  costs found i n  the  

1978 Mechan'ical and ~ l e c t r i c ~ l  Cost Data Book pub1 ished b y  the  Robert 

Snow Means Company o f  Duxbury , Massachusetts. These assumpt i ons. resul  t ed  

i n  a # I ~ ' A W G ,  5' .  assembly cost  o f  $13.85. Th is  cos t  was compared t o  the  

i I 0 t . I 0 , )  $ I  15-26 
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$9.00 cos t  o f  a s i m i l a r  bu t  s impler  assembly manufactured by Wiremold 

f o r  use i n  t h e i r  ODs. 'Assuming the  MDQ system t o  be more labor in tens ive ,  

t he  $13.85 t o  $9.00 r a t e  seems reasonable. However, t o  show the  s i g n i f i -  

icance o f  t h i s  assumption, several MQC system cos ts '  foe 16.' x 67' arrays 

using 48" x 48" panels were ca l cu la ted  using a $9.00 MQC assembly. 

THE RESULTS: 220 - MOD. - DRY DROPPED FROM $821 t o  $566; and 100 - MOD - 
DRY DROPPED FROM $846 t o  $608. ALTHOUGH THE F l  NAL TABLULATI ONS, AS 

ORIGINALLY ASSUMED, SHOW THE MQC SYSTEM TO BE LESS EXPENSIVE THAN THE J- 

BOX SYSTEM, THIS DJFFERENCE MAY BE UNDERSTATED. 
' 

6. Labor costs used f o r  i n s t a l l a t i o n  o f  the  J Box can tie considered more 

accurate than those used f o r  t he  .MQC System. Both Means and the 1978 

B u i l d i n g  Cost F i l e  book compiled by McKee-Berger-Man'sueto Inc. l i s t  

i n s t a l  l a t i o n  o f  o u t l e t  boxes a t  approximate1.y $20/box.  h his' f i g u r e  i s  

s l i g h t l y  h igher than tha t .used i n  t h i s  study f o r  t o t a l  box, . including 

box, f i t t i n g s  and 'w i r i ng ,  ' i n s t a l l a t i o n  cost.) .J-Box p r i c e s  used i n  Means 

and Bu i 1 d ing  Cost F i  l e  a re  deduced from ac tua l  bu i  1 d ing  c0nstruc.t  ion  

cos t  experience and are  . therefore assumed t o  be accurate. . 

7. U n i t  labor  costs f o r  w i r i n g  w i t h  #14 - #12'  are taken from Means 1978. 

This number i s  deduced from the  d i f f e r e n c e  i n  t o t a l ' . l a b o r  costs f o r  w i r i n g  

a .is amp three-way to,ggle swi tch  ($4.77) and.a 15 amp s ing le-po le  swi tch  

($2.74). The d i f f e r e n c e  i n .  l a b o r  i s  the  w i ' r  ing  o f  m e  conductor. The 

d i f f e r e n c e  i n  cost  . i s  roughly two d o l l a r s .  Assuming the  u'se o f  w i r e  

nuts ra the r  than a screw pressure connector , ' the cost '  per conductor wa's 

est imated t o  decrease from $2.00 t o  $1.50. . .  ' 

Furthermore, the labor cos t  f o r  w i r i n g  of.#l.2.AWG, was assumed equal t o  

t h a t  f o r  #14 AWG, f o r  t he  J-Box method. It was assumed, f rom. the  outset ,  

t h a t  labor  and mater ia l  cos.ts increase as w i r e  s i z e  I.nc.rease$. '   ow ever, " 

i t  seems l o g i c a l  t o  assume t h a t  a t  some p o i n t  labor  costs '  for '  smal l e r .  

s i z e  w i res  begin t o  equal and then exceed t h e  labor costs of.'.la,rg.er w i res  

because of t he  increased d i.f f i c u l  tk inworki :ng wi. t h  the  smal.ler ri re;. 

Therefore, i t  was assumed t h a t  the labor involved i n  w'iri.ng '#l4.AWG aird 

#12..AWG were equal. Th is  assumption becomes f a i r l y .  s i 'gn i f icant  i n  deter-  . ' 

mining the  slope o f  t h e  vo l tage leve l  vs. cost  curve. As the  J-BOX w i r i n g  

9 I 
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study developed, t y p i c a l l y ,  #14 AWG was used f o r  the  220 Vol t -dc systems . . . .  . . 
where #12 AWG war used f o r  t h e 1 0 0  Vol t -dc system. Since there  e s s e n t i a l l y  

was no d i f f e rence  . . i n  labor  cos t  (mater ia l  cost  f o r  w i r i n g  i,s d i f f e r e n t ) .  

t h i s  tended t o  decrease the: t o t a l  c o s t , , d i  f ference between 220 and 100 

v o l t  dc w i r i n g  systems,. TO i n d i c a t e  the  magnitude of these . . d i f ferences,,  

a $1.25 labor  cost  ' f o r  .#14. AVG rather. than.  the  $1.50 . . would decrease t h e ,  

200 ' v o l t  t o t a l  o f  $610. i n  the 16 x 67' a r i ay ,  . . 32 x 9 6 ,  inch module, J-Box' 
I .  . 

wi r i n g  method, d r y  appl i c a t  ion b; $3.1 t o  $579.  h he wet would decrease 

from $ ) , 2 % t o  $1,228.) A . ~ ~ m i , l a r , ' $ l . . 2 5  . cost  f o r  #14 AWG i n  t h e 1 6  x 68 

array,  48 x 4 8  inch module, J-Box, d r y  would decrease t h e  $940 by $42 go 

$898. ( ~ h e ' h e t  decreases by $42 t o  $1,653.) W i  t h  these decfeases i n  . 

t o t a l  cost  the  negat ive slope o f  the  vol tage leve l  vs. cost  curve would 

remai n approximately constant - r a t h e r  than tending toward zero. 

CONCLUS l ONS 

1. Array branch c i r c u i t  w i r i n g  costs i nc reasegrea ' t l y  as module s i z e , i s  

reduced. Th is  i s  i l l u s t r a t e d  by Figure 15-10. 

2. E l e c t r i c a l  w i r i n g  costs do n o t  vary s i g n i f i c a n t l y  w i t h  ar ray  conf igura t ion .  

3. Terminal costs are the  p r i n c i p l e  d r i v e r s  f o r  t o t a l  w i r i n g  costs. Tota l  

conductor o r  cable cost '  ( i  .e., mater ia ls  and labor)  ranges from 7% (at 

220 V-dc) t o  40% ( a t  30 V-dc) o f  the  t o t a l  e1,ectr ica l  branch c i r c u i t  

w i r i n g  costs. 

4. A modular qu ick  connect system (as def ined i n  t h i s  study) can be 

s i g n i f i c a n t l y  less expensive than a J-Box system p a r t i c u l a r l y  when the  

ar ray  w i r i n g  i s  exposed t o  t h e  weather as ri t h  a rack o r  s tandof f  mounting 

. t ype .  However, t h i s  cos t  di f ference, as shown i n  Figures 15-11 and 15-12 

may be unders.tated. (See general notes number f i ve . )  

5. E l e c t r i c a l  wi r i ,ng c o s t s . a r e  i,nversely. p ropor t iona l  t o  array. branch . c i r c u i t  

vo l tage leve l .  This r e l a t i o n s h i p  . i s  shown i n  ~ i g u r e s  15-12'.and 15-13. . 

From these f i g u r e s  i t  can be seen t h a t  there  i s  very l i t t l e  t o  no d i f f e r -  



ence b-etween the 100. and. 220 v o l t  dc systems array' branch c i  r c u i  t costs. 
: This i s  due p r i m a r i l y  t o  equal labor  cost  assumpti&ns f o r # 1 2  and #14 .  

AwG conductors (see general notes number seven) and secondat- l y  t o  the  
. . 

# I 4  AWG minimum conductor s ize .  1-i:mi t a t  !;on t h a t  inhibi ; ted usi;ng a more 
. . 

r i f f  i c i e n  t . w i r i n g  d iagram w i t h  smal l e r  conductors. (- his ' # 1 4  AWG minimurn 

conductor s i z e  l i m i t a t i o n  proved less s i g n i f i c a n t  than o r i g i n a l l y  a n t i c i -  

pated because o f  the  dominance of the  terminal  cost .  This i s  espec ia l l y  

t r u e  of the MQC system where the  qu ick  connect terminal  used had a 

capaci t y  range' f rom k l 8  AWG. t o  #14 AWG i n  which case the  u i e  o f '  # I 8  AWG 

ra ther  than #14 AWG nonmeta l l i c  sheathed cable would have made very l i t t l e  

d i f fe rence i n  t o t a l  cost.)  



. -. - -. .- - .. .. . - .... .- .- -. -- . - -- . . - . --- . 

PANELIMODULE SIZES VOLTAGE COSTS, 1975 $ 1 ~ ~  

PANEL MODULE . 30 Vdc 100 Vdc 220 Vdc 

48 x 4 8  43 x 43 14 .00  8 .38  8 . 1 2  

16 x 48 , 28.98 23.35 23 .10  

16 x 24 51 .44 ,  45.82 45 .58  

32 x 96 32 x 96 10.42 6 . 3 4  5 . 9 0  

16 x 48 

PANEL SIZE VOLTAGE 

MODULE AREA ~t~ 

ELECTR I CAL W I R I t4G .COSTS 

16 x 6 7 '  and 16 x 68 '  A r r a y s  
Modu la r  W i r i n g  Method 

Dry L o c a t i o n  

FIGURE 15-10 



Tat l t :  15-6 Wiring Coats - f o r  32 by 96 Inch Pancl/Moduleo 

. . 
ARRAY VOLTAGE, Vdc 

h 

Condit ion1 
Termination 

DRYModular - 
J-Box 

. . 
WETModular 

J-Box 

Figure  15- 1 ]wiring Costs  Versus Array Voltage f o r  32 by 96 Inch 
Panel/Modules i n  16 by 67 Foot Array 

WIRING COSTS, 1975. $/m2 

2 
8 x 133 (99.1 m ) Array 

30 Vdc 100 Vdc 220 Vdc 

11.90 6.70 6.10 

11.40 6.70 6.30 

12.40 7.20 6.60 

17.40 13.20 12.80 

2 
16 x 67 (99.1 m ) Array 

30 Vdc 100 Vdc 220 Vdc 

10.40 6.30 5.90 

9.90 6.90 6.20 

10.90 6.70 6.40 

16.40 13.40 12.70 

2 
24 x 45 (101.1 m ) Array 

30 Vdc 100 Vdc 220 Vdc 

9.60 6.10 6.00 

10.00 6.60 6.40 

9.90 6.60 6.40 

16.70 13.10 12.90 



Tab1.e .15-7 Wiring Costs for 48 by 48 Inch Panel/Modules 

ARRAY VOLTAGE, Vdc 

Condition/ 
Termination 

DRY Modular - 
J-Box 

WET Modular - 
J-Box 

Figure 15-12 Wiring Costs Versus Array Voltage for 48 by 48 inch 
Panel/Modules i n  16 by 68 ~ o o t '  Array . 

' , 

1 

WIRING COSTS, 1975 $ / m  
2 

2 
24 x 44 (98 .1  m ) Array 

30 Vdc 100 Vdc '220 vdc 

13.94. 8.24 7.62 

12.94 9.10 8.86 

14.78 8.86 ' 8.76 

21.39 '  16.79 16.44 

2 
8 x 132 (98 .1  m ) Array 

30 Vdc 100 vdc 220 vdc 

15.27 8.83 8.27 

14.95 9.58 9.43 
I 

16.21 9.52 8.49 

24.27 17.65 16.94 

2 
16 x 68 (101.1 rn )Array 

30 Vdc 100 Vdc 220 Vdc 

14.00 8.37 8.12 

13.00 9.30 9.30 

14.83 9.00 8.75 

21.13 17.29 16.77 



TABLE 15-8 LABOR COSTS - U N I T  P R I C E S  

TASK COST 1978 DOLLARS SOURCES/COMMENTS 

I n s t a l l  Box, d ry  $ 7.60 78 Means: box; $5.50, p.228, l i n e  20. 
cover; $2.07, p.228, l i n e  45. 

... , . .. . .. 

I n s t a l  I, Box, wet 9.15 78' Means: box and cover; p.228, 1 ine  165 

I n s t a l  l Cable . ' . '  Varies 
, . , . 

, . .  
. . I+istall F i t t i n g s ,  0 

d r y ,  
. . 

I n s t a l l  F i t t i n g s ,  . 2;78 
.wet 

Wir ing w i t h  #14 - 1.50 
#12 AWG conductors 

Wiring w i t h  #10 AWG , . 2.80 
conductors 

S i t e  Connection o f  
#14-12 AWG conductor 
t o  quick connect 
terminal 

S i t e  Connection 
o f  # I 0  AWG 

hot Assembly 
attachment #14 

MQC Assembl y 
attachment # I 0  

48 x 48 internal 
Wiring o f  3 - 
16" x 48" Modules 

32 x 96 In terna l  
Wir ing o f  4 - 
16" x 48" modules 

78 Means: See Wir ing Study f o r '  
. var ious costs , .. . ., , . 

. . 

P l a s t i c  boxes used w i t h  NM on ly  requ i re  
s t a p l i n g  w i t h i n  6" o f  box -  

78 Means: assumed equal t o  p l a s t i c  
bushing.cost p.208, l i n e  113 

78 Means: deduced from p.228, 1 ines 
40 and 60 

78 Means: deduced from p. 228. 1 ines ' ' . 
220, 230, 240, 250; assumes 

. . $1.30/wire s i .ze,greater  t han .  ,, 

#12 AWG. 

#14 - 12 AWG: 3 @ $Z.5O/conductor = 
$7.50/terminal; assumes labor involved 
fo r  s t r i p p i n g  conductor, crimping contact  
t o  conductor, and i nse r t i on  i n t o  quick 
connect terminal  housing t o  be approxi- 
mately twice tha t  o f  the required . fo r  w i r e -  
nut  attachment i n  a J-Box. (,Wire. nut  = 
$1 .30/conductor. ) 

Estimate:. $0.50/13.70 x 60 min/hr = 
2 min/assembly 

Estimate: .50 x 61/46; r a t i o n  ba'sed on 
the d i f fe rence i n  cost  o f  w i r i n g  #14 and 
# I 0  NM.Cable 

22.50 Estimate: assumes a quick connect - , 

assembly; 9 conductors/as~sembl y x . . .. . 

.' .. ' - .  1.25/condutto'r = $1'1.25 
. 2 ~ a ~ s e m b l y / ~ a n e l  x $1 1.25/assembl y = 
$22.50/pane l 

48 x '48 In terna l  56.25 
Wir ing o f  6 - 
16" x 24" modules 

32" x 96" In terna l  78.75 
Wir ing o f  8 - 
16" x 24" modules 

Estimate: '$11.25/assembly x 3/panel = 
$33.75 

Estimate. $ll.25/assembly x 51 
panel = $56.25 
. . .  . .  . , ., 



TABLE 15-9. MATERIAL COST . -  UN l T  P R I C E S  

) ' . .  . . 
Cost 1978 D o l l a r s  Source/Comment. M a t e r i a l  . .  . 

Box d r y  
(20 cu. i n . )  

$ .36 D i s t r i b u t e r s  quote (D.Q.) , . , 

Box wet 4.08 D.Q. 

Cable Var ies  

F i t t i n g s , ,  d r y  

F i t t i n g s ,  wet 

W i r i n g  Nut 
d r y  and wet 

51-Assembly- 
#14 AWG, d r , i  

5'-Assembly- 
# I 4  AWG, wet 

48" x 48" l n t e r n a l  
W i r i ~ g  f o r  (3) 1611 x 48" . 
modules - d r y  

48" x 48" l n t e r n a l  
W i r i n g  f o r  (3) 16" x 48" 
modules - wet 

48". x 48" l n t e r n a l  
W i r i n g  f o r  (6)  16" x 24" 
modules - d r y  

48" x 48" l n t e r n a l  
W i  r i n g  f o r  (6) 16" x 241' 
modules - wet 

78 Means, see w i r i n g  s tudy f o r  
v a r i o u s  c o s t s  

P l a s t i c  boxes used w i t h  NM r e q u i r e '  
s t a p l i n g  w i t h i n  6" o f  box 

D.Q. f o r  use w i t h  NM/UF, uses 
"0" r i n g  seal  

D.Q. f o r  # I 0  - #12 AWG r a t e d  ( v a r i e s  
i n s i g n i f i c a n t l y  w i t h  w i r e  s i z e )  

#14 NM 5 '  x $ . 1 2 / f t .  = .60 
Terminals  #14 - 18 AWG, 2 @ $1.00/ 
mated p a i r  = $2.00 
Labor ( f a c t o r y )  $1.25/conductor x 9 
= $11.25 

15.00 #14 UF 5 '  x $ .15 / f t .  = $.I5 
Terminals  #14 - 18 AWG, 2 @ $1;50/ 
mated p a i r  = $3.00 
Labor ( f a c t o r y ) .  $1.25/coriducto.r x 9 = 
$11.25; assumes l a b o r  r a t e  t o  be one/ 
h a l f  o f  t t ie  $13.70/hour 1978 e l e c t r i c i a n s  
r a t e . '  See s i t e  connect ion labor  c o s t .  

4.24/Panel Wi r ing :  ($0.02/conductor f t  
x 2 f t . )  x (3 conductors)  =. 
$0.12 
Terminals :  2 @ $1.00 = $2.00 
T o t a l :  $2.12/assembly x 2 
assemblies/panel = $4.24 

6.36/Pane l W i r i n  : ($0.03/conductor f t .  x d x (3 conductors)  = $0.18 
Terminals :  2 @ $1.50 = $3'.00 
T o t a l :  $3.18/assembly x 2 
assemblies/panel = $6.36 

10.60/Panel W i r i n g :  ($0.02/conductor f t .  
x 2 f t . )  x (3  conductors)  = 
.SO. 12 
Terminals :  2 @ $1.00 = $2.00 
T o t a l  : $2.12/assemb'l x 5 
assembl ies/panel  = S.10.60 

1$.90/Pane l Wi r in9 :  ($0.03/conductor f t .  
x 2 f t . )  x (3  conductors)  - - 
$0.18 
Terminals :  2 ? $1.50 = $3.00 - 
~ o t a n 2 . 1 2 / a s s e m b l  y x 5 - 
assemblies/panel = $15.90 



TABLE 15-9 (cant.) MATER.IAL COST - U N I T  PRICES 

M a t e r i a l  Cost 1978 D o l l ~ r s  , Source/Comment 

32" x 96',' I n te rna l  6.55/Panel W i r i n  : ($0.02/conductor f t . )  x 
Wir ing f o r .  (4) 16" x 48" ' -4 + 5 f t . )  x (3  condYctors) 
modules - dry  = $0.54 

.Terminals: 6 @ $1.00 = $6.00 , ,  

-0.54 + $6.00 = $6.54 

32" ~ " 9 6 "  I n t i r na ' l  ' 

Wir ing f o r  (4) 16" x 48" 
modules - wet 

32" x 961' I n te rna l  
Wi r ing  f o r  (8) 16" x 24" 
modules - dry  

32'' x 96" ' In terna l  
Wir ing f o r  (8) 16"' x 24" 
q d u l e s  - wet 

9 . 8 1 l ~ a n e l  W i r i n  : ($0.03/conductor f t . )  'x 
f t .  + 5 f t . )  x (3  conductors) + 

= $0.81 
Terminals: 6 @ $1.50 = $9.00 
Total :  $0.81 + $9.00 = $9.81 - .  

14. gj/Pane 1 W i r i n  : ($0.02/conductor f t . )  x 
7.5 ft. + 8 f t . )  x (3 conductors) f 

= $0.93 
Terminals: 14 @ $1.00 = $14.00 
Tota l :  $0.93 + $14.00 = $14.93 

22.40/Panel W i r i n  :  conductor. f t . )  x ' 

d t .  + 8 f t . )  x (3 conductorsf 
= $1.40 
Terminals: 14 @ $1.50 + $21.00 
Tota l :  $1.40 + $21.00 r $22.40 



62. 

I 57. 
I l l  

L ! ! !  

1 Volts Peak ' 

4 Volts Nominal 

MODULES 

4-16" x 48" Modules Series 

248.4 Volts Peak 

213.6 Volts Nominal 

1.07 Amps 

* _ .  _ 

a211 96". ARRAY OUTPUT 520 VOLTS 

FIGURE' 15-13 



MODULE 

16" x 48" 

62.1 Volts Peak 

53.4 Volts Nominal 

1.07 Amps 

. . 4-16" x 48" Modules 

2 Parallel 
- , 2 Series 

124.2 Volts Peak 

106'. 8 Volts Nominal 

2 -14 Amps 

32" x 96" ARRAY OUTPUT '100 VOLTS- 

FIGURE 15-14 



l[#]l 31.5 Volts Peak 
27. 05 Volts. Nominal 

: !#1l 1 . 07  Amps 

MODULE 

32" x 96" 
8- 16" x 24" Modules 
(Para l lel Connected) 
31.5 Volts Peak 
28 Volts Nominal 
7. 1 Amps 

PANEL 

32" x 96" ARRAY OUTPUT 30. VOLTS 





16" x 48" 

62.1 Volts Peak 

53.4 Volts Nominal 

1.07 Amps 

3-16" x 48'' Modules 
(Para1 lel Connected) 

53.4 Volts Nominal 

3.2 Amps 

PANEL 

3.2 Amps 

MODULE 

2-48" x 48" Panels Series 

110 Volts Nominal . 

48" x 48" ARRAY OUTPUT 100 VOLTS 
FIGURE 15-17 



31.5 Volts Peak 

27.0 Vol.ts Nomi,na l 

., . 1.07 Amps . . 

MODULE 

. * .  . 

48" x 48" 

6-16". x 24" .Mojules 
( Paral lei ' Connezted) 

30 Volt Nominal . 

6.4 Amps 

PANEL 

. 48" x 48" ARRAY OUTPUT 30 VOLTS 

FIGURE 15-18 
. .  . 



APPEND.lX 16. ARRAY INSTALLATION COST SUMMARY . . 

PURPOSE: A summa'ry o f  i n s t a l 1 a t i o n . c o s t s  has been made and cost  
. . 

d r i v e r s  i d e n t i f i e d .  

CONCLUSIONS: A1 1 costs generated are extremely s e n s i t i v e  t o  module design 

and edge.deta i  1 ing. There.fore, these, values a re  on l y  appro- 

p r i a t e  for the  given edge. de ta i  1 ing.  Jntegra.1 l y  .mounte'd. PV 

modules. a re  the  l eas t  expensive w i t h  regard t o  overa ' l l  i n -  

s t a l l a t i o n  costs w i t h  the  32 x 9 6  inch being less expensive. 

than the  48 x 48 inch panel. With t y p i c a l  roo f  cost  c r e d i t s  

given f o r  i n t e g r a l l y  mounted ar rays ,  i .nsta l  l a t  i on  costs a re  

less than those f o r  d i r e c t  mounted'arrays. The l e a s t  de- 

s i r a b l e  i n s t a l l a t i o n  mounting type, from a cost  s tandpoint ,  

i s the rack mounted. 

RECOMMENDATIONS: Cost eva lua t i on  o f .  a l l  module designs'must be undertaken t o  

ensure reasonably accurate i n s t a l  l a t  ion  cost  . p r o j e c t  ions. 

Module s i z e  should be opt imized t o  ensure minimal ma te r i a l s  

and w i r i n g  costs. 

COST SUMMARY 

Having prev ious ly  examined the m a t e r i a l  .and labor  costs f o r  i n s t a l  l a t i d n  and 

w i r i n g ,  a summary o f  t o t a l  i n s t a l l a t i o n  costs i s  presented. Three sets o f  

f i gu res  f o l l o w  showing t o t a l  . i n s t a l l a t i o n  costs.  

Figures 16- 1 through 16-8 address i nst 'al  1 a t  ion  casts. wi t h  respect t o  vo l tage 

a r ray .ou tpu t  and w i r i n g  type. As p rev ious l y  seen' i,n the  Wi r ing  Study, 

~ ~ ~ e n d i x  15, vo l tages under  100 Vdc are no t  economi c ? l  l y  advantageous from 

a w i  r i n g  cost s tandpoint .  I t  should a l s o  be noted, t h a t  the  a'rray shape has 

l i t t l e  . in f luence on the o v e r a l l  i n s t a l l a t i o n  costs. Roof ing c r e d i t s  assoc- 

i a ted  w i t h  d i r e c t  and i n t e g r a l ' p a n e l  i n s t a l l a t i o n  are  no t  shown, bu t  values 

f o r  such c r e d i t s  are found in .Tab le  16-1. 

Tables 16-2 and 16-3 are  a r ray  mounting con f i gu ra t i on  i n s t a l l a t i o n  cost  

summaries f o r  the 32x96 pane 1 /module and the  48"x48" pane 1 /module respect i ve 1 y . 
These tab les  show cost breakdowns f o r  the  major components associated w i t h  the  

fou r  mounting types o r  a r ray  i n s t a l  l a t  ions. A lso  included. are c r e d i t s  assoc- 



i a t e d  w i t h  replaced ma te r ia l s  and a t o t a l  i n s t a l l e d  cost  i n  both 1975 d o l l a r s  
: - . , 

and 1980 d o l l a r s .  

The f i n a l  set  o f  f ' igures,  Figures 16-10"'through 16-16 attempt t o  i d e n t i f y  cos t  

d r i v e r s .  Examination of  these f i g u r e s  shows the major cost d r i v e r  i s  the 

w i r i n g  when modules are  less than 10 square f e e t  i n  area. When a module area i s  

g rea te r  than 10 square fee t ,  t he  aluminum framing becomes a c r i t i c a l  cost  
. . 

d r i v e r .  Note t h a t  t he  associated r o o f i n g  c r e d i t s  as g iven i n  Table 16-1 can be 

used to .de termine the  f i n a l  i n s t a l l a t i o n  costs f o r  i n t e g r a l  and d i r e c t  mounted 

pane 1 s. 

I t  i s  important t o  note t h a t  these cost  f i gu res  were obta ined by f i r s t  gener- 

a t i n g  a d e t a i l  f o r  each p a r t i c u l a r  mounting type; there fore ,  these costs a re  

very d e t a i l  s p e c i f i c .  This  ind ica tes  the need f o r  cost  ana lys i s  on a l l  

module' designs. .. . ~i t h  t h i s  i n  mind, caut ion  should be used when re ferenc ing  
' I , .  

these f i g u r e s  :and t h i s  appendix. 



A B c A B C  I B C  A '  8 '  e 
1 2  1 2  I 2  

INTEGRAL D I R E C T  STIWUOF$ R A C l  

1 1 0  

IW 

. 

9 0  

E F F E C T  O F  J-BOX W I R I N G  COSTS ON TOTAL I N S T A L L E D  COST 
3 2 " x 9 6 "  PANEL/MODULE , 30 VOLTS ARRAY OUTPUT 

C .. - 

U I I I M L  ADD-ON CO\T \  L I C C U D  

0 r v  lota;icn,\ P, - 133' . 80 A '  - G r o u n d  k u n l  

- ucr iocarion, 0 - 67' '6' 8 '  . O,U",,J'IC'U~~, 
C - 45' a 24' . . 

I - Steel RJCL 
l - H o d  R a c k  

. . 

. 

.1 

F I G U R E  1 6 - 1  



Y I I I N l ,  ADD.IIN 10\1'1 LcGl*D a. 0,. l a x a ~ i ~ ~ r ~ ~  A - 8, A '  - G r o u n d  W u n l  
8 '  - G r o u n d  4 u n l  

. C - 45' s 24' 

A 8 C  A E t A B C  A '  8 '  8 
1 2  1 2  I 2  

INTfGRA1 D I R I C T  STANWFF RACK 

E F F E C T  O F  J-BOX W I R I N G  COSTS ON TOTAL I N S T A L L E D  COST 
3 2 " x 9 6 "  PANEL/MODULE, 2 2 0  VOLTS ARRAY OUTPUT 

F I GURE 3 6-2 



A B C  A B C  A . B  C  A '  B ' 8 
I 2  I 2  I 2  

. IUTIGRAL OIRCCT STAMUOFF RACK 

EFFECT OF MODULAR WIR ING COST ON TOTAL INSTALLED COST 
3Z1'x96" PANEUMODULE, 30 VOLTS ARRAY OUTPUT 

FIGURE 16-3 



A. - tround mum, 
8 '  - Ground Ibuul 

I . S t e e l  RacL 
? - Ymd Rack 

A , 8  C A 8 C A n t  A '  8 ' 8 
I 2  I 2  1 2  

I Y T f  GRAl O I R f C T  S T l U W F F  RACM 

EFFECT OF MODULAR WIRING COST 0N.TOTAL INSTALLED COST 

. . 
32I1x96" PANEL/MODULE, 220 VOLTS ARRAY OUTPUT 

F l GURE 16-4 



I 2  1 2  1 2  

RACK 

. ,  

' I U  

. . . . EFFECT OF J-BOX WIRING. COST ON TOTAL l NSTALLED COST 
.48''x48" 'PANELLMODULE, 30 VOLTS ARRAY OUTPUT 

, .  . 

F l  GURE 16-5 

h - - -- - , . 
. . , .  - . . 

UIIIMC ADO-OW COSTS LfGiWD '. 
Orr Locatlonr . A - IN' a 8' , . A' - G r ~ d  munl  

- YI LOL.,~~". - ": I'' . D '  - Ground munl  
c - Y Zb' . rn . . I - S1e.I RbLh 

1 - w a d  Rack . . 





A  B . C .  A B C  A B ' C  A '  B ' B 
. . I 2  I 2  I 2  

I Y T C G R A L  O I R C C T  . I T A M W F F  RACK 

EFFECT' OF MODULAR W l R ING.  COST b~ TOTAL l NSTALLED COST 
: 48"x48" PANEL/MODULE, 30 VOLTS ARRAY OUTPUT 

FIGURE 16-7 



EFFECT OF MODULAR WIR ING COST I N  TOTAL INSTALLED COST 
48"x48" PANEL/MODULE, 2 2 0  VOLTS ARRAY OUTPUT. 

F l  GURE 36-8 



... . 

TABLE 16-1 . ~ 

ROOF CREDITS 
,. 

M a t e r i a l  
wL 

(1975 3 )  

1/2" Plywood , 

1st  F e l t  . . 

240# Asphalt  shingles 

: 325#-Aspha l t  shingles 

.,540# Asphal t Shingles 

. .I S p a n i s h T i l e  18.84 I 
Mission T i l e  

Concrete T i l e  

S l a t e  

, .  

18" Red Cedar Shakes 13.99 
w/F i r e  Retardant 17.55 

. .  . 



Table 16-2 Array Mounting ~ o n f  i g u r a t i o n  I n s t a l l a t i o n  Cost Summary 
f o r  32 by 96 Inch'Panel/Modules 

NOTES : 

COST COMPONENT 

e w i r  ingl 

Panel/Module 
Support Frame 

Panel/Module 
I n s t a l l a t i o n  

Mounting Gaskets 

e Sea lan t  

e Roof Bracing 

e Flashing 

Q Rack S t r u c t u r e  
2 

Fence 
3 

I n s t a l l a t i o n  Cost 

Rnnf  i.ng Cred i t  4 

T o t a l  I n s t a l l e d  Cost  

1975 $/m2 

(1980 $/m2) 

1. 220 vd'c . . 

2. Wood s t r u c t u r e .  Inc ludes  conc re t e  f o o t i n g s  f o r  ground-mounted 
rack a r r a y s .  

3 .  Needed f o r  s a f e t y .  
4 .  C red i t  f o r  normal roof ing  m a t e r i a l s  d i sp l aced  by t h e  photovol ta ic  a r r ay ,  

For ' i n t e g r a l  mounting, i t  inc ludes  t h e  c o s t  of % inch plywood, ,15// 
f e l t  paper ,  and 3251 a s p h a l t ' s h i n g l e s .  F o r ' d i r e c t  mounting, i t  i s  t h e  
c o s t  of 3251 , a spha l t  sh ing le s .  

ARRAY INSTALLATION COSTS, 1975 $ /m2 

INTEGRAL 

5.90 

5.80 

19.60 

9.40 

- 
1.70 

- 
- 
- 

42.40 

17.10 

25.30 

(35.50) 

DIRECT 

5.90 

10.40 

19.20 

4.80 

0.70 

- 

- 

- 
- 

4 1  .OO 

10.40 

30.60 

(42.90) 

STANDOFF 

6.40 

14.20 

6.70 

8.90 

- 
- 

5.40 

- 
- 

41.60 

- 

41.60 

(58.30) 

RACK 
a ROOF 

6.40 

12.80 

6.70 

- 

3.20 

- 

5.30 

11.90 

- 

46.30 

- 

46.30 

(64.90) 

GROUND - 

6.40 

12.80 

6.70 

- 

3.20 

- 

- 

12.30 

17.00 

58.40 

- 

- 

58.40 

(81.80) 



TABLE 16-3 

NOTES : 

I 

COST COMPONENT 

Wiring 
1 

Panel/Module 
Support Frame 

Panel/Module 
Installation 

Mounting Gaskets 

Sealant 

Roof Bracing 

Flashing 

Rack Structure 
2 

Fence 
3 

Ins tallation cost 

Roofing Credit 4 

Total Installed Cost 

1975 $/m 
2 

(1980 $/m2) 

. . 
1. 220 Vdc 
2. Wood structure. Includes concrete footings for ground-mounted 

rack arrays. . 
3. Needed for safety. 
4. Credit for normal roofing materials displaced by the photovoltaic array. 

For integral mounting, it includes the cost of % inch plywood, 15il 
felt paper, and 325il asphalt shingles. For direct mounting, it is the 
cost of 325# asphalt shingles. . . 

ARRAY INSTALLATION COSTS, 1975 $/m 2 

INTEGRAL 

7.60 

6.60 

19.20 

10.30 

--- 

1.70 

--- 

- - - 
- - - 

45.40 

17.10 

28.30 

(39.70) 

DIRECT 

7.60 

7.50 

19.20 

3.50 

1.10 

- - - 

- - - 
--- 
- - - 

38.90 

10.40 

2 8 . 5 0 .  

(40.00) 

STANDOFF 

8.80 

12.90 

6.70 

5.90 

1 .go 

--a 

5.40 

--- 
- - - 

41.60 

- - - 

41.60 

(58.30) 

RACK 

ROOF 

8.80 

17.60 

6.70 

- - - 

3.90 

- - - 

5.30 

11.90 

- - - 

54.20 

- - - 

54.20 

(75.90) 

GROUND 

8.80 

17.60 

6.70 

--- 

3.90 

--- 

- - - 

12.30 

17.00 

65.90 

--- 

65.90 

(92.30) 
- 
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Figure 16-12 In tegra l  ,Mounting - ~ r r a ~  Costs'Versus Module Size 



Figure 16-13 I n t e g r a l  Mounting -- Array Cos ts  Versus Module S i ze  



Figure 16-14 Direct Mounting :- ~ r r a j  Costs Versus Module Size 
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.APPENDIX 17. PHOTOVOLTAIC SHINGLE/PAMEL COMPARISON 

PURPOSE: To review the  cur ren t  R & D sh ing le  module design w i t h  a 

view o f  the 1986 r e s i d e n t i a l  design requirements and the 

p o s s i b i l i t y  o f  successful market penet ra t ion .  

CONCLUSIONS: 

RECOMMENDATIONS: 

To compare the sh ing le  s t y l e  and panel s t y l e  modules i n  

one d iscussion t o  express the st rengths and shortcomings 

o f  both concepts. 

The cur ren t  R & D module has shown p roo f  o f  concept bu t  

a d d i t i o n a l  development and ' t e s t i n g  o r  design v a r i a t i o n s  are 

needed t o  improve the  module and make i t  more responsive 

t o  re levant  aspects o f  the  r e s i d e n t i a l  b u i l d i n g  indus t ry .  

Ref inement 'o f  t he  cu r ren t  R & D sh ing le  module should be ' 

completed and demonstration p r o j e c t s  erected f o r  f u r t h e r  

t e s t i n g  o f  the design. 

The . . cur ren t  . R & D sh ing le  module should not  be the f i n a l  

t e s t  o f  the general sh ing le  concept because i t  i s  a spe- 

c i f i c  design among many poss ib le  va r ia t i ons .  The general 

sh ing le  idea should remain as a c e n t r a l  concept t h a t  i s  

open t o  absorb new adhncements i n  PV techno'logy t h a t  

might improve the  cur ren t  R & D design. 

Since the general sh ing le  module concept has great  poten- 

t i a l  f o r  r e s i d e n t i a l  app l i ca t i ons ,  f u tu re  R & D e f f o r t s  

should be d i r e c t e d  toward the  development of  new sh ing le  

designs. The cu r ren t  R & D sh ing le  i s  made from a combi- 

n a t i o n  o f  convent'ional PV ma te r i a l s  and sub-assembl i e s  

which d i s t o r t  the  s i m p l i c i t y  of  the o r i g i n a l  concept. The 

oppos..ite design approach should be taken i n  f u t u r e  module 

des i gns. 

A l l  i dea l  sh ing le  module characteristics should be i d e n t i -  

. f i e d  and then . the i dea l  sh ing le  conceived. From t h i s  

p o i n t ,  the  new mate r ia l s  shou.ld be developed which achieve 

these charac ter i  s t  i cs. 



The 'ultimate shingle module should be rect i 1 inear, 1 ight- 

weight, pliant and sized for easy handling and fast instal- 
*. . 

lation with as few interconnections a s  possible. It 

should be durable to resist weathering and tough to with- 

stand shipping and rough 'handling at the j o b  site. 
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INTRODUCTION 

A1 though cur rent  module des'ign has been of the  f l a t  p l a t e  o r  panel sty ' le,  the 

increasing emphasis on r e s i d e n t i a l  app l i ca t i ons  has s t imu la ted new module de-. 

.s ign concepts more i n  tune w i t h  the  b u i l d i n g  industry.  One R 6 D module,, the 

sh ing le -s ty le  module, i s  being'developed which produces e l e c t r i c a l  -energy . .  

as i t s  p r imary .  f unc t i on 'bu t  also.fo.rms a p r o t e c t i v e  w a t e r t i g h t  roof covering; 

These new modules are '  s imi  l a r  in s i z e  t o  conventional asphal t  sh ingles and 

a.re. intended t o  be i n s t a l l e d . i n  a s i .mi la r  fashion. The i r  use i n  a housing 

p r o j e c t  would replace conventional shingles on south faci.ng roo f  slopes. 

Th is  new concept does not  imply t t i a t . c u r r e n t  f l a t  p l a t e  modules ace r e s t r i c t e d  

t o  the concept of se l f -conta ined tack-on u n i t s .  I f  adequately sealed along 

t h e i r  edges, f l a t  p l a t e  modules could aJso be mounted on a slopi,ng roo f  t o  

form a wa te r t i gh t  roo f  cover ing and .replace conventional shingles i n  the  area 

o f  the  array. They could be made t o  replace the  plywood subst ra te  as w e l l .  

Since f l a t  p l a t e  modules can be formed i n t o  l a rge r  s t i f f  panels t h a t  w i l l  no t  

rack, warp o r  bend, they can be attached d i r e c t l y  t o  the roo f  r a f t e r s  -or . 

t russes t o  c reate  a s t r u c t u r a l  diaphragm i n  much the same way a.s conventional ' 

plywood sheathing. 

There i s  a p lace i n  the  r e s i d e n t i a l  b u i l d i n g  market f o r  both PV modules con- 

cepts. The panel and sh ing le  concepts can s a t i s f y  d i f f e r e n t  func t i ona l  

requirements because o f  the  d i s t i n c t  advantages each o f f e r s  i n  the appropr ia te  

app l ica t ions .  However, both concepts, apar t  from any s p e c i f i c  PV module design, 

have inherent l i a b i l i t i e s  t h a t  preclude t h e i r  use'under c e r t a i n  circumstances 

and, therefore,  r e s t r i c t s  t h e i r  respect ive  app l i ca t i ons .  A comparative d i s -  

cussion o f  both concepts w i t h  respect .  t o  bu i  l d i n g  indust ry  cha rac te r i s t ' i cs  

can he lp  p o i n t  ou t  obstacles t o  successful  market penet ra t ion  f o r  each but  . 

may a l s o  s t imu la te  new developments i n  PV module design. Since r e s i d e n t i a l  

pho tovo l ta i cs  i s  a new technology t h a t  requires new mate r ia l s  and techniques t o  

achieve i t s  pr imary func t i on  o f  e l e c t r i c a l  product ion, i t  i s  u n l i k e l y  t h a t  a 

design. tha t  i s  s t r i c t l y  a panel o r  sh ing le  can dup l i ca te  a l l  the performance 

charac ter . i s t i cs  o f  the  r o o f i n g  ma te r ia l s  - they are  intended, t o  replace. photo- 
. . 

v o l t a i c  module design may.evo.lve u s i n g . t h e  c h a r a c t e r i s t i c s  o f  both and thus 

may achieve wider a p p l i c a t i o n  i n  the  r e s i d e n t i a l  marketplace. 



SHINGLE-STYLE PHOTOVOLTAIC MODULES 

Shingles i n  B u i l d i n g  Construct ion 

The over lapping c h a r a c t e r i s t i c s  of  sh ing ies  i s  a proven water shedding mechan- 

ism' f o r .  sloped surfaces and appears i n  na ture  i n  the  fe'athers o f  b i  rds and 

h a i r  o f  mammals as, w e l l  .as i n  b u i l d i n g  roo f  cons t ruc t i on  throughout thousands 

o f  years. The concept i s  a feature .of common asphal t ,  wood and asbestos sh in -  

g les,  wood shakes, thatched roofs, and ceramic and cementi t ious t i l e s ,  most o f  

which are  common throughout the world. Shingle type r o o f i n q  elements are  con- 

ven ien t l v  s ized oroducts which can' b e . l i f t e d  and placed w i t h  one hand, a l low-  

i ng  f r e e  use o f  t he  o the r  hand . fo r  attachment o f  the  shingles t o  the  subs t ra te  

ma te r i a l  underneath. The overlapp.ing tabs s h e l t e r  the  upper p a r t  o f  the  under- 

l y i n g  shingles t o  form an open, a i r - t i g h t  system. Because.of t h i s  character- 

i s t i c ,  sh ing le  ma te r i a l s  on ly  work on s lop ing  surfaces. 

As . the  degree o f  slope decreases, the over lapping coverage. by the  tabs should 

increase t o  guard against  wind u p l i f t  and wind d r i ven  ra in .  I n  add i t i on ,  

minimal sl 'oping roo fs  must be covered w i t h .  more durable sh ing les  t o  r e s i s t  t he  

e f f e c t s  o f  c a p i l l a r y  a c t i o n  and wind u p l l f t .  Several manufacturers o f  asphal t  

sh ingles have solved the problem of wind u p l i f t  w i t h  an adhesive on the  under- 

s ide o f  the exposed tab. 

By na ture  o f  t h e i r  small s i z e  and numerous q u a n t i t y  i n  most appl ' icat ions, the  

u n i t s  can be i n s t a l l e d  t o  conform t o  s l i g h t  i r r e g u l a r i t i e s  i n  squareness o f  

the roo f  shape, and p lanar  dev ia t ions  across i t s  surface. On the o the r  hand, 

automated manufactur ing processes .and q u a l i t y  c o n t r o l  a t  the  p l a n t  creates 

u n i t s  which a re  uni form enough to .  f i t  w i t h i n  c lose tolerances. Usual ly  sh in-  

g les  are  made from p l i a b l e  mater i 'a l  . t ha t  i s  e a s i l y  cu t ,  o r  are manufactured 

from b r i t t l e  ma te r i a l  t h a t  can be i n t e n t i o n a l l y  broken alopg a scored 1 ine. 

This  c h a r a c t e r i s t i c ,  i n  a d d i t i o n  t o  the  r e l a t i v e  low cost  o f  i n d i v i d u a l  u n i t s ,  

permi t  the roo fe r  t o  q u i c k l y  shape spec ia l  u n i t s  t o  f i t  i n t o  edge cond i t ions  

which do no t  conform t o  the modular dimensions o f  the  i n d i v i d u a l  sh ingles.  

When the job  i s  complete, t he  .sh ingles - form a dependable roo f  t ha t  i s  nea r l y  

maintenance free. An asphal t  sh ing le  roof can l a s t  from 15 t o  20 years, and 

a s l a t e  roo f  can l a s t  as long as 100 years o r  more. Because o f  these advan- 

tages, sh ingle- type roo fs  a re  used throughout the r e s i d e n t i a l  b u i l d i n g  

i ndus t r y  and a l l  carpenters are  f a m i l i a r  w i t h  t h e i r  app l i ca t i on .  I t  neces- 



sa r i  l v  fo l lows that  the h i s t o r v  o f  success o f  shingle construct ion i s  a c lea r  

and log ica l  inf luence i n  module design and tha t  dup l ica t ing shingle features 

w i l l  enhance i t s  funct ion and.marketabi1ity. 

Shingle-Style Module Construction 

The current  R & D shingle modules .use a hexagonal shape. on. the exposed. pa r t  

o f  the ,sh ing le  i n  order . to .accommodate close packing o f  current-production 

round so la r  ce l l s .  Even.. though. the .ent i r e  area. i s  not .  covered w i t h  photo- 

v o l t a i c  mater ia l ,  l i g h t  f a l . l i ng  on the white i n t e r s t i t i a l  spaces between c e l l s  

i s  i n t e r n a l l y  re f lec ted  t omhance  the power output o f  the module. As ribbon 

technology progresses and :so lar  ,eel 1,s. become rectangular rather than round, 

i t i s probable tha t  fu tu re  .shing 1.e. modules .may...be rectangular. 

Shinqle 

The p a r t i c u l a r  R & D shingle module.now under development consists o f  two , 

major parts:. the exposed r i g i d .  hexagon t h a t .  contains the series-connected: 

so la r  ce l l s ,  and the rectangular semi- f lex ib le  pa r t  . that  holds the Intercon-' 

nect ion c i  rcu l  t s  and e l e c t r i c a l .  terminals. (Fl,gut-e ' 17 -1 )~h i s  Semi-flexible t a b  

i s  always, overlapped and a pa r t  of i t s  surface is .used in .an&or ing the 

module t o  the underlying p ly~ood~shea th ing .  

Constructing the r i g i d  port ion,  o f  the module takes several steps. The c e l l s  

are bonded t o  the underside o f  a therma.11 y-tempered hexagonal -shaped piece o f  

glass approx.imately 3/16" t h i ck  .and -then c e l l - t o - c e l l  ' interconnects are made. 

Before a r i g i d  f i berglass/ep6xy.p.rotect. i~e. sheet i s  attached. t o  the back t o  

sandwich the c e l l s ,  the narrow 1eftove.r.voids among the c e l l s ' .  edges caused by 

the c e l l s  thickness must be . f i . l l ed .  To:accomplish t h i s ,  a squeegee i s  used t o  

apply a s i l i cone  pot tant  tha t  f f l l s  :these voids. Addi t ional  pot tant  i s  l a i d  

over the c e l l s  t o  cover them w i t h  a t h i n  coating. .The pot tant  i s . t h e n  leveled 

o f f  t o  create a smooth mounting sur.face f o r  the. back p ro tec t i ve  sheet. Once 

the back i s  adhered, the layers of:,:glas,s, .pot.tant, and r i g i d  . p l a s t i c  form .a 

sol  i d  construct ion that  encapsu1,ates. the ce l l s .  . (.Figure 17-2). 

The r i g i d  hexagon i s  attached along i t s  upper.edges t o  the.semi- f lex ib le  tab 

which i s  a composite laminate of tough.; durab.1e'materi.als. . I t . h a s  two outer 

skins which sandwich a 1/8" thick., sponge-like core. The skins are made o f  



R & D S l i l N G L E  MODULE 

F I G U R E  1 7 - 1  

I SILICON SOLAR CELL 

SECT l ON THROUGH HEXAGON. (A -A)  

F I G U R E  17-2 . 



HYPALON reinforced w i t h  an embedded polyester  scrim and are, glued. t o  the ,  

compressible core made from closed-ce.11 epi  ch 1orohydr.im foam. The bottom sk in  

must,a lso sandwich a t h i n ,  two-si.ded f l e x i b l e  p r i n ted  c i r c u i t  board wh.ich 

ca r r ies  the two pos i t i ve  and twonegat ive terminals o f  the.module. I t  i s  

the i o r e  and the bottom HYPALON .skim (Fi,,gure 17-3). Efforts.at-e underway t o  

. . 

GLASS TOPCOVER - ' :  

SECTION 8-8' ''See Figure '1 7-1 

r FIBERGIASS REINF. 
HYPALON - .I25 EPICHLOROHYDRIN FOAM 

SECTION C-C' ' See Figure-17-1 

, . . . 
SECT l ONS THROUGH ' HEXAGON AN'D TAB 

FIGURE 17-3 

reduce the cost o f  t h i s f l e x i b l e  port ion. by redes,ign o r  subs t i tu t ion  of  

materials. For instance,. metal f o i  1 . i s  under. constderation t o  replace the 

p r i n ted  c i r c u i t ,  and p l a s t i c  impregnated cardboard i s  being tesfed t o  replace 

17-8 



> . '  

t he  bo t toh  rubbe; s k i  n and the  r i g i d  f';'be,rglass/ePoxy sheet. 
. . .  . . . . 

I Much o f  t he  shingle design i s  p red ica ted ott Ll l t !  use o f  rouiid c e l l s  w i t h  an 

e f f i c i e n t  packing'arrangement that.  produces the.hexagona1 shape. I t  i s  ob- 

vious t h a t  i f  square  o r  r e c t a n g u l a r  c e l l s  were avai l ab le ,  t he  present module' 

design could change d r a s t i c a l l y .  'There would be less waste i n  c u t t i n g  the 

'sheet  ma te r ia l ,  near 100% module pack ing ,e f f i c i ency ,  and many opt ions  f o r  
. . 

var ious s izes and proport ions.  
. . 

, . 

Module t o  Module interconnections . . .  

Module t o  module e l e c t r i c a l  in terconnect ions are . accomplished.wi .. t h  two p o s i t i v e  
. , 

threaded female terminals embedded i n  the.  f l e x i b l e  tab i m e d i  . . ate1 y above the 

r i g i d  hexagon. I.loles f o r , t h e ,  negat ive- . terminals are on e i t h e r  s ide  o f  the hex- 
agon. (Figure 17-4) As the shingles a,re oyer1apped;the two holes o f  the  te rmi -  

. .  , 

na l s  o f  one sh ing le  module reg is , te r  w i t h  two te rm ina .1~  o f . t h e  modules under- 

nea'th i t  ( f i g u r e  17-5) .Flat-head machine screws. w i t h  washers are then inse r ted  

and drawn down t i g h t l y '  t o  create a high. pressure e l e c t r i c a l  contact  between 

the two terminals.' A f t e r  the e l e c t r i c a l  connections are  made, the module' i s  

anchored t o  the  roof  by t w o  regu lar  r o o f i n g  nai 1s' d r iven through the  sh ing le  

t o  the .u.nde,rlying plywood. 

. . ; .  . r 

Fi'g.urL l ? i 6 . ' d e p i t t ~  -an e l e c t r i . c a l  schemat i.c of nod,u,le t o  %module interconnect ions. 
, . 

As the shi,ngles .a re  i n s t a l l e d  t o  create an e n t i r e  ar ray ,  .the interconnect ions 

between the over1 apping layers form a ser ies /para l  l ,e l  m a t r i x  . interconnected 

modu les. As .modu 1,es are  added 'i n '.a para1 l e  1 d i  r e c t  i o n  across t h e  l'eng!h o f  

the roo f  from, gable t o  gable the cur rent  increases. And as modules are added 

i n  a ser ies  d i r e c t i o n  along the  s l a n t  of the  roof  from eave t o  r idge, the vo l -  

tage increases. Un l ike  cur rent  f l a t ' p l a t e  modules which combine a la rge num- 

ber  o f  c e l l s  i n  ser ies ,  the  sh ing le  in terconnect  con f igu ra t i on  creates a 

ser ies  - p a r a 1  l e l  redundancy which e l  iminates the.  need, f o r  b lock ing  o r  by-pass 

diodes -- the mal func t ion ing o f  one sh ing le  module w i l l  not  se r ious l y  i n t e r r u p t  

the f low of cur rent  i n  t h i s  array. 

A t  the bottom,of the  ar ray  near the.eave, a l l  the negative. terminals of the 

f i r s t  a c t i v e  course are connected using s p e c i a l . ' s t a r t e r  shingles ' l a i d  under- '  : . 



ELECTRICAL CONDUCTORS WITHIN  MODULE 
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SHINGLE MODULE OVERLAP 
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spec ia l  shingles. .conta ins  a bui  It- in c i  r c u i  t .  board t o  make t h i s  jumper con- 
. .< 

nect ion. Every f i f t h  eave sh ing le  i s  then tapped w i t h  a f l a t  conductor cable 

I which runs underneath the subsequent upper rows o f  shingles. t o  the  r idge o f  
. . .  , . 

the roof.  This. arrangement i s  necessary t o  con t ro l  the cur rent  dens i ty  and 

ser ies  res is tance losses f o r  the  o v e r a l l  i n s t a l . l a t i o n .  S im i la r  terminat ions 

the, 

along 

remen t s . 

ELECTR l CAL SCHE;,\AT I C. 

FI ,&RE-  17-6 

Shingle I n s t a l  l a t i o n  Area . .  . 
, ., 

, , . . 

Fig. 17- 7 repres'knts the  p lan  of an ar ray  o f  PV. sh ing les  modules. The per imeter  

areas conta in  no ' ac t i ve  PV c e l l s  and must be f i  1 l e d  w i t h  spec ia l  "dummy" mo- 

du les  t o , f i n i s h  the i n s t a l l a t i o n  by completely cover ing the  roo?. 'Despite 

the c lose packing arrangement of the hexagon shapes, the  loss o f  per imeter  

area diminishes the  o v e r a l l  e f f i c i e n c y  o f  t he  array. Th is  loss becomes most 

c r i t i c a l  i n  small  i n s t a l l a t i o n s  but  the e f f e c t  diminishes a s . t h e  ar ray  s i z e  

increases. 





I n s t a l  l a t i o n  Sequence , 

As w i t h  a l l  sh ing le  o r  slatework, PV sh ing le  modules are l a i d  over a plywood 

sheathing t h a t  has f i r s t  been covered w i t h  one o r  t w o l a y e r s  o f  roo f i ng  f e l t s ,  

and are ' i n s t a l  l e d  beginning a t  the  eaves and f i n i s h i n g  a t  the  roo f  r idge.  

Apart from the  main e l e c t r i c a l  branches, the  ac tua l  sh ing le  i n s t a l l a t i o n  

beg ins .w i th  a one-th.ird w id th  s t a r t e r  s t r i p  t o  he ip  form the necessary t r i p l e  

thickness c h a r a c t e r i s t i c  of the e n t i r e .  i n s t a l l a t i o n .  The second layer ,  a two- 

t h i r d s  w id th  negat ive bus s t r i p ,  i s  then.:placed along the  eave length. These 

modules conta in  the  f i r s t  terminals. A. specia l  spacing t o o l  i s  used t o  se t  

them at .  the required distances so , the  f i  r s t  over lapping row o f  sh ing le  modules 

can r e g i s t e r  :exact ly ,  and a l l  subsequent in terconnect ions can be made on 

ta rge t  'as the i n s t a l l a t i o n  proceeds up the roof .  Since the r e g i s t r a t i o n  of 

a1 1 subsequent i n t e r c o n n e c t i n g  terminals depend on the spacing o f  t he  termi-  

' na ls  o f  t h i s  negative bus course, carefu l  a t t e n t i o n  t o  i t s .  layout  i s  required. 

A f t e r  the  f i r s t  row i s  i ns ta l l ed , .  the- .sh ing le  modules then can be l a f d  course 

by course from the eaves t o  the r i d g e . a t  which p o i n t  t h e . p o s i t i v e  terminals o f  

t h e ' f i n a l  course of 'modules are  connected i n t o  a p o s i t i v e  bus s t r i p .  The i n -  

s t a l l a t i o n  i s  f i n i s h e d  when an add i t i ona l  l aye r  o f  sh ing le  mater ia l '  i s  added 

t o  the r i dge  t o  c 0 6 ~ l e t e  the t r i p l e  thickness required by design. Since 

alignment to lerance o f  the  interconnect  terminals from sh ing le  t o  sh ing le  i s  

less than 0.1 inch, ca re fu l  .manufacturing., i n s t a l l a t i o n ,  and mate r ia l  choice 

i s  mandatory. The sh ing le  must remain dimensi.onally s tab le 'under  changing 

temperatures and humi d i  t y  condi t ions. The roo f .  sheathing must be as square 

and even as possib le,  and q u a l i t y  con t ro l  i n  the fac tory  and on -s i te  must be 

maintained. 

A comparison o f  Photovol t a i c  'Shiricj l e  .Modules and Asphalt Shingles 

Shingle-sty le PV modules create a shingled . roof  cover ing when i n s t a l l e d  but  

these u n i t s  have c e r t a i n  features u n l i k e  any roo f  c o v e r i n g . i n  cur rent  use. To 

assess the mater ia l  and i n s t a l l a t i o n  ' cha rac te r i s t i cs  o f  shingli modules, a 

comparison was drawn between i't and' asphal t  sh ingles,  which are w ide ly  used i n  

the r e s i d e n t i a l  const ruc t ion  Industry.  

SIMILARITIES ' 

1. Scale-1 i k e  f o r  shedding . . water. 

2. Approxbmately the  same size. 



D l FFERENCES 
. : 

, .. . . .  Asphalt  Shingles PV Shingle Modules 
. . 

, . .  . . 1. S ing le  funct ion -- waterproof ing .. .I. Double func t ion  -- e l e c t r i c a l '  pro- 
.( . . . . . . . :. . . . .  . . .  duct ion  and waterproof ing. 

. . . . . . -  .. . . . . 
.:. . '  .. , . '  .,, . ; 2. Inexpensive ma te r ia l s  -- asphal t  2. Various..materi.als and laminates. . . . . .  . . . . .  . . . . .  . . .  impregnated organi c o r  f i be,rgl a s s  
. . . .  
. . . .  . . .  f e l  t s  w i t h  stone granules pressed. 

. , . . . . . .  i n t o  exposed tab. . . . . .  
3. Each i n d i v i d u a l  sh ing le . i .s . .water -  3. Much- o f  the  perimeter edge o f  each 

proof  and needs no 'seal i ng . PV sh ing le  needs t o  be sealed, a t  
. ..> the factory.  The designers are 

a1 lowing f o r  the poss'i b i  1 I t y  o f  
cau lk ing  the  leading edge o f  

. . sh ing le  ~ v e r l a ' ~ .  a t '  bu i ' ld ing  s i t e .  
. . .  .,. 

4. ~ e c t a n g u l a r  i n  shape 4. Current ly , .  par . t ia1 hexagonal tab 
. . , w1 t h  rectangular  subst'rate.  his 

may. change w i t h  ava i l ab i .1 i t y  and 
recetan'gular so lar .  c e l l s ) .  

. . .  
i 5. R e l a t i v e l y  t h i n  5.  hick, s i m i l a r  t o  s l a t e  roo f ing .  

i 6. P l i a b l e  6. . S t i f f  l i k e  a shake o r  s la te .  

7. Can wi ths tand rough handl ing . 7. Must be handled c a r e f u l l y .  . . 

. . .  8. No spec ia l  pieces needed . , 
, . 

' 8. Dummy modules. needed f o r  r idge,  
. . s ides and eaves o f  roo f .  

. . . . . .  . . . . . . .  , . . . . . .,. . 9. Cut t i ng  and f i t t i n g  poss ib le . .  
. . : .  

9. Cu t t i ng  of PV shingles impossible. 
. . . . . . No' roo f  penet r a t  i'ons can be per- . . . .  

. . . .  m i t t e d  i n  the .  a r ray  area. 

I ' 10. Approximate.1 y double cwer,age 10. Approximately t r i p l e  coverage by 
by over lapp i  ng . . .. . overlapping. 

11. There i s  room f o r  e r r o r  i n  
i n s t a l l a t i o n .  

12. N a i l s  on lv  needed. 

.II, Toleran.ce.of in terconnect ion i s  
close. 

e,' 

12. N a i l s  and screws needed. 

I 13.  Average weight -- 2.4 l b d f t  13. Average we,ight -- 4.0 l b s / f t  2 

14. I n s t a l l a t i o n  of asphal t  sh ingles . . . '  14. I n s t a l l a t i o n  requires. more e f f o r t  
i s  one o f  t he  s impler  tasks.a.: :  . because. of weight.; more care be- 
carpenter performs. . . cause o f  g lass and s o l a r  c e l l s ;  

more s teps .  (nai 1 s and screws 
needed) and more s k i  11 (a1 1 in te r - .  
connections must be made t o  con- . 

. . .  duct e l e c t r i c i t y .  

1-5. Can be walked. on. w i t h  no ' .s ign i -  . . I S .  The weight o f  a workman may crack 
f i cant damage. carpenters. can. . a glas's cover. A dropped hammer 
accident ly '  drop t h e i r  hammers -on w i  1 1 .  probably . s h a t t e r  the  glass. 
the  f i n i s h e d  shingles w i thout  ' ! .  Special p r o t e c t i v e  pads may be 
punctur ing  them. needed dur ing  con.s.truction i n  h igh  

. . . . t r a f f i c  are'as on the  roof .  
. . .  -. 



, ., 

16. G r i t -  1 i ke sur face provides good 16. S l i c k  g lass covers o f f e r  no sure 
f o o t i n g  dur ing  i n s t a l l a t i o n  up t o  footi:ng f o r  workmen. P r o t e c t i v e  
6 and 12 p i t 'ch.  p,ads w i l l  o f f e r  b e t t e r  f oo t i ng .  

As may be expected, t h i s  p o i n t  by p o i n t  comparison demonstrates t h a t  the 

analogous r e l a t i o n s h i p  between the two products i s  weak. Because o f  i t s  furc- 

t i o n a l  complexity,  the sh ing le  module has more the  character  o f  an e l e c t r i c a l  

appl iance than a bu i  l d i n g  roo f  product. However, the study o f  cu r ren t  r o o f i n g  

p rac t i ces  by module designers should be inst rumenta l  i n  improving e x i s t i n g  

designs from an i n s t a l l a t i o n  standpoint.  

FLAT PLATE PI~OTOVOLTAI c MODULES 

Panel i zed  Bui l d i n g  Construct ion Ma te r ia l s  

The panel concept i n  bui l d i n g  roo f  products cane i n t o  being when these pro-  

ducts were requ i red  t o  perform o ther  func t ions  (usua l ly  w i t h  sheet g lass)  i n  

a d d i t i o n  t o  shedding water,such as c o l l e c t i n g  so la r ,  heat,  l e t t i n g  i n  na tu ra l  

l i g h t  o r ,  i n  the case of  pho tovo l ta i c  panels, producing e l e c t r i c a l  energy. 

Compared t o  the  age-old use of  shi.ngles, the  general use o f  panel ized b u i l d i n g  

products i s  the r e s u l t  o f  r e l a t i v e l y  recent advances i n  ma te r i a l s  and manu- 

f a c t u r i n g  technology. The a b i l i t y  t o  manufacture l a rge  sheets o f  g lass,  pre- 

c i s e  metal ex t rus ions ,  and spec ia l i zed  syn thet icc rubber  sealants has occurred 

on l y  by the app1,ication of  research and the  development o f  p r e c i s i o n  manu- 

f a c t u r  ing  techniques which requi r e  heavy c a p i t a l  ou t  lay.  

Because l a rge  panels of  glass, metal o r  stone can be machined ra the r  than 

hand b u i l t ,  many i d e n t i c a l  u n i t s  can be produced i n  the shop f o r  l a t e r  i n s t a l -  

l a t i o n  i n  the f i e l d .  I f  the  panels a re  t o  be used as e x t e r i o r  c ladding o r  

g laz ing ,  t h i s  imp l ies  t h a t  g rea ter  s k i l l  and p r e c i s i o n  i s  requ i red  i n  the 

assemblage o f  backup ma te r ia l s  o r  anchor po in t s  t ha t  support the panels. Re- 

gardless o f  care fu l  i n s t a l l a t i o n  p rac t i ces ,  f i e l d  assembly i s  a less prec ise  

opera t ion  than q u a l i t y - c o n t r o l  manufactur ing o f  b u i l d i n g  components. To 

compensate f o r  smal l  dimensional e r r o r s ,  loose tolerances can be designed i n t o  

I t he  j o i n t s  between panels t o  a l l ow  the  e n t i r e  system t o  f i t  together.  

Panel ized products seem t o  work best when the  e n t i r e  system i s  c o n t r o l l e d  by a 

chain o f  automated processes from manufacture t o  f i n a l  i n s t a l l a t i o n .  This  i s  

17-15 



e s p e c i a l l y  t r u e  f o r  l a rge  heavy panels t h a t  must be l i f t e d  i n  place w i t h  a 

crane, o r  w i t h  panel ized b u i l d i n g  systems that,through h igh  volume product ion 

and h igh  speed erect ion,can r e a d i l y  amort ize heavy c a p i t a l  equipment. 

F l a t  P l a t e  Photovo l ta ic  Pane.1 Type. ModuleConstruct ion 

Photovol t a i  c panel . type modu.les a r e  shaped and s ized according t o  the  need t o  

encase numerous ce 1 1 s i n a 1 a,rge but  'manageab 1 e un.ist. . Common pane 1 const ruc- 

t i o n  uses a glass cover. t o  p r o t e c t  the  under ly ing . b r i t t l e  cel"1s t h a t  are sand- 

wiched between the cover p l a t e  and a p las t i c , ,  glass, o r  meta l ' subst ra te .  An 

encapsulant i s  i n j e c t e d  i n  the narrow space between the  c w e r  and t h e  subst ra te  

t o  f i l l  the  voids and make the  1aminate.one sol id . .panel .  The.transparent 

.glass cover and encapsulant s l  i g h t l y  reduces the  amount o f  sunl. ight s t r i k i n g  

the  c e l l s ,  but are c r i t i c a l  elements' . that p ro tec t  the  c e l l s .  The cover p l a t e  

i s  a b a r r i e r  against  mechanl ca l  damage, cor ros ive  atmospheres and d i  r t .  ' En- 

caps,ulant provides o p t i c a l  coupl ing between glass and c e l l s  and holds fas t  the  
I 

c e l l s  and t h e i r  e l e c t r i c a l  'cdnnecti0n.s t o  prevent s h i f t i n g  among the c e l l s  and 

e l e c t r i c a l  shorts. Since i t. f i l . l s  a l l  voids, the  c e l l s  are sealed against  

d i r t  and water i n t rus ion .  

The edges o f  the  panels are usua l l y  f i n i s h e d  wi.th a small channel t h a t  f i t s  

over the  thickness of the composite laminate const ruc t ion .  Th is  p ro tec ts  the  

edge o f  t he  panels from minor damage. I f  the  subst ra te  mater ia ls  have insuf-  

f i c i e n t  s t rength  t o  support anchor p o i n t s  f o r  attachment t o  the  roo f ,  then the  

panels must be clamped i n t o  a separate framing system t h a t  .f,i r s t  attaches t o  

the  roof. The framing system helps s t i f f e n . t h e  panels by cont inuously 

suppor't i ng t h e i  r edges. The f raming system a l s o  provides the oppor tun i ty  fo r  

sea l i ng  the  j o i n t s  between the  panels. .  

Mounting the  Panels on the  Roof 

'Most b u i l d i n g  products are f o r  co-merc ia l  app l i ca t i ons  and requ i re  the  u s e o f  

cranes f o r  .ho is t ing  and maneuvering u n i t s  i n t o  place. 
. . 

I d e a l l y ,  f l [a t  p l a t e  pho tovo l ta i c  panels. f o r  s i n g l e  . f am i l y  app l i ca t i ons  should 

not  requ i re  the use of a crane bu t  should be 1Fght enough' t o  permi t  one man t o  

e a s i l y  handle the  panels. Each.pane1 should be la rge enough i n . a r e a  t o  a l l ow  

qu ick  coverage o f  the  roof w i thou t  the  hinderance bf a complex anchoring and 



sea l ing  system. Theoret icalFy, one workman should be able t o  li,ft and ca r ry  a 

4'-0" by 8'-.0" panel we,ighing 50 t 0 . 6 0  pounds, but r e a l i s t i c a l l y ,  panels 

o f  t h i s  s i z e  and weight wi 1 1  requi re two men f o r  carry ing across narrow scaf-  

f o ld ing  and l i f t i n g  i n  p lace on a sloped roof .  

Before the are. . L i n s t a l  led , .  the  . _ a r ray  .... area w i  1 1  e i t h e r  be sheithed,wi, th 

plywood o r  l e f t , o p e n  depending on the  mounting type. With a "d i rec t "  mounting 

scheme, the panels are attached d i r e c t l y  t o  the  wood sheathing which may f i r s t  

be pro tec ted by a couple o f  1ayers .o f  bui , ld ing.paper o r  a complete sh lng le ,eoof .  

I f  an i n t e g r a l  mount is ,used,  there i s  no.wood sheathing i n  .t.he area o f  the  

ar ray  and the. panels are  at tached t o  the. roo f  r a f t e r s  qr trusses. With t h i s  

mounting scheme, the  pane.ls, when j o i n e d  . , together ,  must create a w a t e r t i g h t  a .: 

roo f  surface. The ar'ray, should a l so  ac t  as a s t r u c t u r a l  diaphram t o  s t . i f f e n  

the  roo f  by t y i n g  . .  together. , . t he  un,derlyi  ng,;.wood s t r u c t u r a l  members. 

. . 

The i n t e g r a l  moun.t'ing usual l y .  wi 1 1  requ i re  a metal...framing system s imi  l a r  t o  

window w a l l  constru'ction. The framework i s  f i r s t  attached t o  the  s t r u c t u r e  . . . 
and the PV panel then clamped t i g h t l y  i n t o  the ' f rame. A d i r e c t  mounting scheme 

can u i e  the same two p a r t  system o f  frame and panel o r  the P V .  panel manufacturer 

can e l im ina te  the framing system by p rov id ing  a s t r u c t u r a l  edge d e t a i l  on the  

per imeter  of each. panel w i t h  p e r i 0 d . i ~  anchor points.. Curing , i n s t a l  lat ion,,  t he  

j o i n t s  between panels can then be sealed w i t h  a .non-s t ruc tu ra l  rubber gasket, 

o r  o ther  dependable sealant.  . . 

.. . 
Most panel ized b u i l d i n g  products f o r  e x t e r i o r  appl icat ions.  are intended t o  be 

i n s t a l l e d , v e r t i c a l l y  as g laz ing  o r  w a l l  c ladding. I n  t h i s  way there  are no 

bending s t resses.on the panels and l i t t l e  water can c o l l e c t  i n  the  j o i n t s .  I f  

the panels are used i n  a s lop ing a p p l i c a t i o n  t y p i c a l  o f  pho tovo l ta i c  i n s t a l l a -  

t i ons ,  the j o i n t s  between the panels become vulnerable t o  water penet ra t ion ,  ; 
and as. the  slope decreases, the  chance o.f ..leaks. increases. S,ince the panels 

do not  have the  advantage o f  over lapping edges, but  are bu t ted  toge,ther, t h e i r  

j o i n t s  must be ,sealed w i t h  t i g h t l y  f i t t i n g  . . gaskets o r  durable sealants t h a t  are 

expensive . . beca,use o f  t h e i r  h i g h  q u a l i t y .  Most successful gasketing.systems . 

c u r r e n t l y  avai l a b l e  are.  desilgned . s t r i , c t l - y  f o r  v e r t i c a l  window i n s t a l l a t i o n s .  

Adapt,ing them t o  ,a sloped app l i ca t i on .can  cause problems. S t i f f  s t r u c t u r a l .  

rubber gaskets tha t  are supposed~to'.ho,id~glasr panels i n  pl.ace are t o o  p l i a b l e .  
. . 



and can a l low glass panels on a sloped surface t o  slfp!,thereby opening up the 

h o r i z o n t a l  j o i n t s .  The best  rubber . gasket . d e t a i l s  use a s t r u c t u r a l  metal  ex- 

t r u s i o n  t h a t  holds the  panels r i g i d l y  i n  place and i n  t u r n  supports a rubber 

gasket f o r  sea l ing  the  j o i n t  between panels. 

. . ,  

It i s  a l i b  a good p r a c t i c e  t o  weep t h e  rubber gasket, j o i n t s  i n  order  t o  conduct 

away any water t h a t  penetrates the  seal .  On a sloped app l i ca t i on ,  water w i l l  

i n v a r i a b l y  seep. i n t o  the  a r ray .  a t  cer . ta in po in ts  and could . c o l l e c t  w i t h i n  i f  

not  i n t e r n a l  l y .  d r a i  ned. Manufacturers o f  sky:l i g h t  f raming.  s,ystems have solved 
. . 

t h i s  problem t o  a c e r t a i n  extent .  The metal frames wh.ich.support the g lass 

panes h o l d  a .cant i nuous condensate g u t t e r  along t h e i  r . length on the  i n t e r i o r  

s ide  o f  the sky1 i g h t .  A1 1 a i rborne moisture , from . the i n t e r i o r  t h a t  condenses 

on the  top  o f . t h e  frame w i l l  d r i p  down and be caught i n  the gu t te r .  I f  any 

leaks develop i n  the  j o i n t s  between, g lass p a n e s t h e  g u t t e r  wi 1 1  . a l s o  catch the  

water and conduct i t  t o  the  edge o f  the  s k y l i g h t  where i t  can be drained away. 

I Since f l a t  panel s k y l i g h t  systems.are.. the c losest  product analogy t o  PV panel 

I s t y l e  module i n s t a l l a t i o n s ,  an examination o f  t h e i  r d e t a i l i n g  w i  11 be important 
. , 

i n  the  f u t u r e  evo lu t i on  o f  mounting .. . schemes. 

E l e c t r i c a l  interconnections 
j 

Depending on the  e l e c t r i c a l  requirements, a number of  pho tovo l ta i c  panels , in  

I an ar ray  are usua l l y  w i red  i n  se r ies  t o .  increase vo l tage t o - a  des i red  l i m i t .  

Thi,s' ser ies  o f  panels are then wired.  i n  p a r a l l e l  t o , o t h e r  se r ies  connected 

panel groups. A panel t o  panel w i r i n g . 1 ~  made wi. th one e l e c t r i c a l  connection 

I usua l l y  i n  a j u n c t i o n  box o r  w i t h  a .s imple .  plug. I n  d i r e c t  mount app l i ca t i ons ,  

I these connectors would be hidden between t h e  bottom s ide  o f  t he  panel and the  

I r oo f  sheathing. . . W i t h i n t e g r a l  mounting, t h e - e l e c t r i c a l  connections could be 

seen from outs ide  the a t t i c  immediately under the  exposed back s ide  o f  t he  

pane 1 s . 



A Comparison o f  conventional panel Sky1 i g h t  systems and F la t -P la te  Photovol t a i c  
Modules 

There are  a number o f  'manufacturers who market.panbl s k y l i g h t  systems f o r  com- 

merc ia l  bui  l d  ings and greenhouse i n s t a l  l a t  ions. ~ h e s e  systems usual l y  cons is t  

o f  s t r u c t u r a l  metal framing usua l l y  extruded. aluminum t h a t  i s  a v a i l a b l e  i n  a 

number o f  depths and thicknesses f o r  d i f f e r e n t  spans.' The framework i s  f i r s t  

erected before  i t  received panes of g lass t h a t  a re  ordered loca l  l y .  

Some systems have been avai l a b l e  f o r  'a number o f  ahd provide dependable, 

w a t e r t i g h t  j o i n t s  when t h e - s y s t e m ' i s  p roper l y  i n s t a l l e d  and maintained. 

Since pane l -s ty le  PV modules can be d e t a i l e d  i n  a s i m i l a r  fashion t o  double 

i n s u l a t i n g  g lass panels, i t  i s  l i k e l y  t h a t  a conven t iona l . sky l i gh t .  framing sys- I 
tem would be used f o r  an i n t e g r a l  mount PV i n s t a l l a t i o n .  S l i g h t  modi f i ca t ions  I 
t o  the  frame may have t o  be performed t o  accommodate interconnect ions and re- 

ce ive  w i r i ng .  Analyzing the  deta i l -s  o f  these sGterns can a i d  the r e s i d e n t i a l  

module designer searching f o r  a dependable method' o f  anchoring and waterproof i ncj (I 
but  i t  should be recognized t h a t  the success o f  these systems can be a t t r i b u t e d  I 
t o  the  design o f  the framing member and the h igh  q u a l i t y ,  high-cost mater ia ls  '1 
involved. Th is  l e v e l  o f  q u a l i t y  appears i n  commercial app l i ca t i ons  where 

d u r a b i l i t y  i s  essen t ia l  t o  reduce maintenance. Common r e s i d e n t i a l  cons t ruc t i on  

mater ia ls  and techniques must r e l y  on lesser  q u a l i t y .  The f o l l o w i n g  p o i n t s  'I 
o f  comparison o u t l i n e  some o f  t h e ' c h a r a c t e r i s t i c s  o f  ~ k y 1 i ' ~ h t  framing t h a t  I 
should be considered i n  fu ture '  PV panel design: 

Conventional Sky l i qh ts  Panel PV S t y l e  Modules 
, , . .  . , 

1. Success o f  system i s  .achieved 1. Framing o r  de ta i  1 system t o  r e c e i v e  
by s t i f f n e s s  of frame members, PV modules must adapt t o  t russ  con- 
and the  p rec i s ion  and u n i f o r m i t y  s t r u c t i o n  and compensate f o r  i r -  
o f  t h e i r  dimensions. Glass panels r e g u l a r i t i e s  i n  lumber dimensions, 
a re  a l s o  mapufactured t o  extremely . v a r i a b l e  e1evat io .n~ of topcho.rds 
c lose t o l e r ~ n c e s .  . o f  trusses and uneven spacing o f  

trusses. 

2. Neoprene gaskets are used t o  2. A s i m i l a r  system could be devised 
c reate  the waterproof fng seal.  - .  f o r  .PV waterproof ing.  
Clamping pressure o f  b o l t e d  bar  : 

cap t h a t  holds down giass a l s o  
compresses neoprene t o  c lose any 

. s l i g h t  openings along the j o i n t .  
(F igure 17-8) 



In tegra l  condensate gutters.. ; 

a re  usual ly  Included. 
(F i  q u ~ e  17-81 

Systems are f l e x i b l e  and .can, 
adapt t o  d i f f e r e n t  spans. and .' 

d i f f e r e n t . s i z e d  glass by usFng.: 
the appropr iate si'ze . f r m e ' . f o r .  
the span. Deta i ls  f o r  hol.d?ng . 
glass panels usual ly '  rematn .'the 
same. 

Most panel skyl i .ght systems 
are used on ly  i n  commercial 'and. 
i n s t i t u t i o n a l  .,appl ica t ions and. 
i n s t a l l e d  by s k i l l e d  union..work- 
men. 

P a r t i a l  f lash ing a t  perimeter 
i s usual 1.y provi'ded .by 'frame 
manufacturer. 

3 .  If metal . ? a .  used, .condensate should . .  
'be caught along. length of frame. , 

Conduct ing condensate.. out from the 
.. , bul'.ld?ng , w i l l  be a pyob:l& ?n , . 

detat ]'ing. , . . I  . . 

4. PV tn tegra l  pane'l systems. f o r  r es i -  
. .  .dent ia l  b u t ~ l d ? ~ g s w F 1 1  be la rge ly  

r e s t r i c t e d  to::t,he need for  adapting 
t o  t russ  o r  r a f t e r  ?technology, i .F' 
early. market penetra.tlon I s  t o  be 
achreved, 

5. l n s ta ' l l a t i on  o$..PV.systems w i l l  be 
' . : . .by non-union workmen. Ski 11 leve l  

:Fs more var iab le .  and must be com-. 
pensated for.' . 

6 .  Perimeter o f  PV panel array can be 
destgned'to be p a r t i a l l y  s e l f -  
f l ash ing  f o r  both tn tegra l  and 
d i  rect '  mounting type. 
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CONSTRUCTION CONSIDERATIONS 

The essen t ia l  p roper t i es  o f  both sh ing le  and f l a t  p l a t e  modules have been 

analyzed wi thout  d e t a i l e d  considerat ion o f  on-s.i,te ins. ta l la t i 'on procedures. 

An i d e n t i f i c a t i o n  o f  these procedures and commentary,on the . Impl ica t ions  

t h a t  both PV module concepts w i l l  have on these procedures w i l l  a le r t .modu le  

designers to.aspects o f  const ruc t ion  t h a t  should be an t i c ipa ted  i n  the  e a r l y  

design phase o f  PV modules. 

These procedures appear i n  the l i s t  below and a re  arranged roughly i n  sequence 

by order  o f  construct ion.  Commen.tary.on each appear i n  the  f o l l o w i n g  pages: 

Comprehens i on by workmen (near term) 

Receiving and unloading a t  the s i t e  

Storage o f  .photovol t a i  c  modules 

Preparat ion o f  roo f  surface o r  s t r u c t u r a l  support 

Coordinat ion w i t h  nearby roo f  o r  w a l l  const ruc t ion  

L i f t i n g  and p lac ing  modules on roo f  

Scaf fo ld ing  requi rements 

E f fec ts  o f  module .s ize  and number 

Temporary roo f ing .  dur ing  const ruc t ion  

Work stoppage 

Clearances and tolerances 

S k i l l e d  labor requ i red  

I n s t a l  l a t i o n  t ime 

Stabi 1 i t y  dur ing  e rec t i on  and i n s t a l  l a t i o n  

Extent o f  f l a s h i n g  

Hazardous condi t ions (non-e lec t r ica l )  

E l e c t r i c a l  shock 

E f fec ts  o f  r a i n  and snow 

19. Ef fec ts  o f  sun and wind 

20. Array inspect ion  

21. Repair o f  module 

22. Replacement o f  module 

23. Allowance f o r  p ipe  and f l o w  penet ra t ion  



CONSTRUCTION 
CONSIDERATIONS 

Comp re  hens i on by 
workmen (near 
term) 

Receiving and 
'{unloading a t  t h e  
s i t e .  

Storage of  
photovol t a i  c 
modules 

Preparat ion o f  
roof sur face o r  
s t r u c t u r a l  
support. 

SHINGLE , 

Drawings ( layout  & system schematic) 
and s p e c i f i c a t i o n s  necessary. Shingle 
type i s  system w i t h  some specia l  pa r t s .  
poss ib le  need f o r  manufacturer 's i n -  
s t r u c t i o n  book. coord ina t ion  w i t h  
show drawings necessary. Shipment must 
be complete and organized on s i t e  f o r  
f o r  co r rec t  i n s t a l  l a t i o n .  1800 shingles 
i s  t y p i c a l  i n s t a l l a t i o n .  

Crates o f  sh ing le  modules should be 
80 Ib. maximum'and s t i f f  t.o r e s i s t  
damage. A l l  l a b e l i n g  should be c l e a r  
and complete. Stack immediately on 
roo f  o r  designated storage area t o  
reduce excessive handl ing. Two men 
per  c r a t e  o r  hydraul i c gate o r  fork-  
l i f t  w i l l '  ease unloading. Immediately 
inspect  f o r  damage. 

Store under cover and away from 
vehic les o r  a c t i v e  m a t e r i s l s  handl ing 
areas. Store i n s i d e  bu i l d ing .  
Block up 8" above f l o o r  o r  ground. 

Planar dev ia t i on  of  roof sheathing 
no t  c r i t i c a l .  Shingles are  somewhat 
f l e x i b l e .  Cover ~ ' l ywood sheathing 
w i t h  one o r  two layers  o f  b u i l d i n g  
f e l t s  before i n s t a l l i n g  modules. 

DIRECT PANEL ' INTEGRAL PANEL 
Bigger s izes mean Also app l icab le .  
fewer u n i t s  and less 
confusion. Layout 
drawings s impler  t o  
understand. Fewer 
wi r i n g  connect ions 
mean less chance o f  
o m i t t i n g  a connection. 

More unwieldy and v u l -  A lso app l icab le .  
nerable t o  damage du r ing  
unloading. Store on 
roo f  o r  l o g i c a l  s torage 
area t o  prevent excessive 
hand1 i ng. 

Store on edge i n  
b u i l d i n g  under cover 
and away from a c t i v e  
a reas. 

Planar dev ia t ions  o f  
roo f  surface more 
c r i t i c a l .  Shimsmay- , 

be necessary t o  co r rec t  
surface. 

Also app l icab le .  

~ e p e n d i  ng on de- 
t a i l ,  t russes 
must be p r e c i s e l y  
spaced. May be 
f o r c i n g  rough ca r -  
pent ry  i n t o  realm 
o f  un reasonab 1 e 
to lerances.  Planar 
dev ia t i ons  i n  r o o f  
surface should be 
minimized. 



CONSTRUCTION 
CONS IDERATIONS 

Coordination w i t h  
nearby roof or  
wa l l  construct ion 

L i f t i n g  and 
p lac ing modules 
on the roof 

'Scaffolding . 
requ i rements 

SHINGLE 

Chimneys and other roof penetrat ion 
should be located on the north slope 
o f  the roof ,  but i f  t h i s  i s  not 
possible, the chimney must be br icked 
and flashed before i n s t a l l a t i o n  o f  PV 
modules. Coordinate PV i n s t a l l a t i o n  
w i th  masons. 

Hoist ing equipment depends on weight 
t o  be l i f t e d .  I f  crates o f  modules 
are too heavy t o  be car r ied  up a 
ladder, crates should be broken on 
ground and only a managea'ble number 
ca r r ied  up. A ladder ho i s t  may be 
used o r  a small conveyer .be1 t 
rented f o r  a few 'hours. Stock f l a t  
on roof jacks. 

Roof jacks. f o r  scaffolding w i l l  pro- 
bably be needed in the great ma jo r i t y  
o f  sloped roof  appl ica't ions. Jacks 
should be hung f ran r idge w i t h  special .  
weight d i s t r i b u t i n g  .pa'ds t o  prevent 
gl'ass cover breakage. Bund,les o f  
shingles should be stocked f l a t  on 
scaffo.ld near r i dge .o r  near area t o  
be covered. . . 

DIRECT PANEL 
! 

Also App1,icable 

Crane o r  ladder h.oi s t  
needed. Unwieldy t o  
handle whi le  on roof. 
Sturdy scaf fo ld ing 
needed.. 

Depends on slope and 
weight o f  modules. 
sheathed roof w i  11 pro- 

-v ide  opportunl t y -  f o r  
good foot ing and n a i l -  
able surface for  tem- 
porary scaffolds o r  
roof J.acks . Ground sup- 
ported eave sca f f o l d  
may be needed t o  stage 
modules for  i ns ta l l a t i on .  

. INTEGRAL PANEL 

Also Applicable 

Without roof  sheatti- 
i ng  there i s  no area 
t o  stand except i n  
a t t i c .  A crane could 
be used t o  maneuver 
panels i n  place o r  
they can be 1 i f ted 
up through the 
a t t i c  space. 

Working o f f  a t t i c  
f l oo r  can be a b i g  
advantage i n  stock- 
tng modules and 
pos i t ion ing.  Truss 
web members may be 
an inconvenience. 
Floor area w i  I 1  only 
be a temporary cover. 
Even w i t h  hor izontal  
p u r l  ins,  standing 
and walking over the 
outs i de o f  the open 
trusses can be 
hazardous. . 



CONSTRUCTION 
CONSIDERATIONS SHINGLE 

E f f e c t s  o f  module ' 1800 modules. i s  t y p i c a l  i n s t a l l a t i o n  
s i z e  and number r e s u l t i n g  on more t r i p s  across r o o f  

sur face and consequently more abuse. 
Each module easy t o  handle because 
o f  weight and s ize.  Special edge 
modules w i l 1 , i n c r e a s e  t r i p s  across. 
the roo f .  There i s  a steady f l ow  
o f  work i f  the  a 1 i g n m e n t . i ~  cor- 
rec t .  With so many modules, the  
many i nteconnect ions mean more 
chance o f  f a i  lu re .  

Temporary roo f i ng  Roofing f e l t s  over  plywood i s  
. - .  . . 

du r ing  cons t ruc t i on  adequate.".  . . 

Work stoppage Pro tec t i on  o f  leading ,edge, un- 
f i n i s h e d  PV sh ing les  e a s i l y  accom- 
p l i shed.  I f  work stops a t  mid-roof,  
p r o t e c t i o n  o f  l a s t  i n s t a l l e d  row of  
sh ingles i s  e a s i l y  accomplished. 

D I R E C T  PANEL 

Good anchorape design 
and sea l i ng  methods 
could .mean fas t  .co- 
verage w i t h  crane o r  
good laborers. . 
Because o f  fewer con- 
nect ions, i n d i v i d u a l  
worker s k i l l s  a re  
harder t o  b u i l d . .  
Flow o f  work-:on each 
j o b  may not  .be . 
steady.. , Work.1 oad 
wi 1 1  f l u c t u a t e  f o r  
each crew member. 

Roofing f e l t s  over 
p 1 ywood adequate. 

I) l n s t a l l  modules 
f i r s t .  If work stops, 
r a i n  can f l o w  under- 
neath modules. 
2) Flash array.  
3)  Shingle remaining . 

area around a r ray  
perimeter.  

INTEGRAL.  PANEL 

' ~ e ~ e n d i n ~  on d e t a i l s ,  
i n s t a l l a t i o n  sequence .; 

may be important.  Work 
w i  11 be slower, than d i - .  
d r e c t  mount because . 

water t ightness i s ,  c r i  t i-. 
c a l ,  p.ossibly i.nvolving 
e x t r a  insta1, la t fon.  steps. 

Winteq enclosure c r i t i c a l  
f o r  housing s t a r t s  i n  . 
t he  fa1  1. I n s t a l  1 modules 
be fore  November ra ins  o r  
securely  r i  g temporary 
roo f  w i t h  p l a s t i c  f i l m  
o r  f e 1 . t ~ .  l n s t a l l  mo- . 

dules i n  spr ing. 

A l l  open areas should be 
temporari l y  p ro tec ted  
against  water i n t r u s i o n .  



CONSTRUCTION 
CONSIDERATIONS 

C1.earance. and 
Tolerances 

.Sk i l l ed  labor. 
requi.red 

A 

. -  
I 

t~ I ns ta l  l a t i o n  
0\ *. . 

. . , time 
. . 

4 

. Stabi 1 i t y  during 
e rec t ion / ins ta l -  
l a t i o n  

SHINGLE DIRECT PANEL 

~ i l  alignment i s  determined by f i r s t  Planar deviat ion must 
row o f  modules a t  eaves. Intercon- be small and alignment 
nect tolerances are 0. I inch. A l l  a t  two.and four corner 
modules must be iden t i ca l .  j o i n t s  must be precise 

for  good seal. Because 
of 'sheathing, panels 
and trusses do not 
have t o  be same modu- 
l a r  spacing as modules. 

I n s t a l l a t i o n  by qua l i f i ed  e l e c t r i c i a n  Carpenters o r  glazers 
recommended. Ins ta l l ' a t ion  at. n ight .  can I n s t a l l  and make 
recommended. interconnections. Can 

be e lec t r lca l1 .y  iso- 
la ted  a1 lowing daytl.me 
i ns ta l l a t l on .  

Because o f  3600 e l e c t r i c a l  con- 
nections i n s t a l l a t i o n  time i s  
2-3 times normal under the best 
condit ions -- a f t e r  i n i t l a l  lay- . . 

out.  i s  made. depeti t i v e  nature 
,of work can cause abs,entmindedness 
which cannot be to lera ted here. 

Plywood sheathing substrate makes 
e n t i r e  house s t i . f f .  Minimal sta- 
b i l i t y  problems. 

Size and fragility 
1 i m i  t speed' o f  Ins ta l -  
l a t ion .  S k i l l  leve ls  
increase more slowly. 

.Perimeter f lash ing 
and surrounding roof-  
ing becomes a' cut and 
f i t  operation. 

S i m i  1 i a r  t o  shingle 
I ns ta l  l d t  ton.' 

INTEGRAL PANEL 

Planar dev ia t ion and 
corner t o  corner a l i gn -  
ment f o r  good j o i n t  
against water penetra- 
t i on .  Coordinate t russ 
spacing w i t h  panel '  
width. 

Carpenters o r  glazers 
can i ns ta l  1 . Because of 
access from behind i n  
a t t i c ,  a1 1 e l e c t r i c a l  
connections can be made 
a t  e l e c t r i c t a n ' s  con- 
ven I ence . 
Simi lar  t o  d i r e c t  mount, 

.bu t  more time consuming 
because o f  special care 
f o r  j o i n t s  and water- 
t i g h t  i n t e g r i t y .  

Without roof  sheathing 
there i s  no, diaphragm 
ac t ion  on south s ide of 
roof .  In tegra l  modules 
should'have diaphragm 
capabi l i t ies. .  -Tempor- 
ary  bracing o f  - roof  
r a f t e r s  may- be needed 
o r  1 i ght framing. th.at 
t i e s  together trusses. 

. . 



CONSTRUCTION 
CON,$:I DERAT I ONS 

Extent o f  f l a s h i n g  

Hazardous cond i t ions  
 on-elect r i c a l  ) 

E l e c t r i c a l  
Shock 

SHINGLE 

S i m i  l a r  t o  conventional roof ing.  

Glass cover p la tes  are s l i p p e r y  
,and could cause fa1 1s. , Danger 
increases w i t h  slope. 

The cur rent  and vol tage leve l  o f .  
a s i n g l e  sh ing le  w ? l l  not  produce 
a not iceable'  shock. Shock o f  
g reater  i n t e n s i t y  i s  poss ib le  
,only by f reak  accident -- if a 
workman was grounded.. This could 
happen i f  a workman was using a 
f a u l t y  e l e c t r i c  d r i  1 1  w i t h  ground 
w i  i-e, touchi ng hous i ng . Use ba't t e r y  
1i.ower t o  el ' tminate a l l  possi-  
b i l i t i e s .  

D I R E C T  PANEL 

More f 1 ashi ng needed. 
Small wood curb may be 
needed t o  support p e r i -  
meter f l ash ing  around 
array;  Al low f o r  weep 
holes a t  bottom o f  
array.  ' 

Weight and s i z e  of 
pa.nels make i n s t a l -  
l a t i o n  awkward i f  work 
i s  not c a r e f u l l y  . .  

planned. Mainta in ing 
balance w i l l  be d i f f i -  
c u l t  on s lop ing surface. 
BuSld scaf fo ld a t  
eaves for. p ro tec t  i on .  
against bad f a l l s .  

INTEGRAL PANEL 

Careful  f l a s h i n g  necessary. 
C l  i ps t o  recei  ve .roof 
f 1 ash i ng can be dss i gned 
i n t o  d e t a i l s  o f  psnel sys- 
tem. Same. amount o f  per i - 
meter f l a s h i n g  nezded as 
i n  d i r e c t  mount. 

Working o f f  a t t i c  f l o o r  
i s  a sa fe ty  advantage 
i f  i t  i s  adequately co- 
vered. Working o ~ t  on 
open t russes i s  dengerous. 
At l eas t  one hand- i s  
needed f o r  balanc2. A, 
f a l l ,  here, i s .  l i m i t e d  t o  
a t t i c  f l o o r  ra the r  than . 
completely o f f  the  roof .  

.,Because o f  s l ze  o f  Also Appl i c a b l e  
panels a shock could be 
induced if a workman 
simultaneously grabbed 

. a  p o s i t i v e  and negative 
terminal .  ~ e r m i ~ a l s  
should be shorted w i t h  
a w i r e  a t  t he  fac tory  
and then.cu t  a f t e r  f i n a l  
hookup, o r  one of the  
te-rminals should be in -  
accessib le from outs ide 
o f '  panel t o  safeguard 
against accidenta l  shock. 



CONSTRUCTION 
CONSIDERATIONS 

Effects o f  r a i  n 
and snow 

Ef fects  o f  sun 
and wind 

Array i nspect i on 

Repa i r o f  
modu 1 e 

SHINGLE 

~ a i n  and snow may fou l  system i f  
i t  i s  only p a r t i a l l y  ins ta l led.  
Wetness increases danger o f  
fa1 l ing.  

Should be i n s t a l l e d  a t  n ight .  
Special danger caused only by 
high winds. ' 

scaffolds, roof  Jacks, and ' ladders 
must.be spec ia l l y  desjgned t o  dis-  
t r ib .u te  weight.across.glass . 
covers o r  span from panel edge t o  
panel' edge t o  f ac i  1.i t a te  cl'ose 
i nspect'ion across. array. area. 
Scaffolds should. be adjustable .. 

t o  move up and down o r  across 
f u l l  length 'or wi.dth of .  array. 

Replacement o f  a shingle module 
may be simpler and more expe- 
d ient  than repair .  

D I R E C T  PANEL INTEGRAL PANEL 

Wetness causes hazardous Uncompleted sections o f  
working conditions. Small the roof  w i t h  open trusses 
number of interconnections l e t  the r a i n  in. This 
behind panels w i l l  pro- s i tuat ion.must be solved 
bablybeadequateEybut  i f  in tegra l  mounting i s  
temporari ly protected i f  t o  become a poss ib i l i t y .  
a sudden r a i n  storm h i t s .  

Panels should not be in-  
s t a l l e d  during gusty 
winds. .Depending on s ize  
they could.pul1. workmen 
o f f  balance If panels 

'catch wind d l  rec t l y .  

Sun causes panels t o  
heat up, May be a d is-  
comfort t o  workmen. 

Also applicable 

. . 

Repair, i f  possibde, cost 
i s  proport ionate t o  panel 
size. Access t o  e l e c t r i -  
cal  connectSons almost 
impossible. 

High winds may blow o f f  
temporary she1 ter .  P a r t i a l  
ar ray i n s t a l l a t i o n  may be I 

jeopardized i f  wind gets 
under the i ns ta l l ed  panels. 

i 
I 

S lmi lar  hazards as d i r ec t  
mount during gusty winds. 

I f  panel substrate f o r  in-  
tegra l  panel i s  glass, 
most. inspection can take 
place in '  the a t t i c .  

Repair if possible. Access 
t o  e l e c t r i c a l  intercon- 
nections from a t t i c  i s  
ideal  and w i l l  be a great 
advantage when t r y i n g  . to  
i d e n t i f y  problems. . 



CONSTRUCTION 
CONSIDERATIONS 

Rep.1 acement o f  
module 

SHINGLE, 
. . - 

~ e ~ i a c e m e n t  i s  p o s s i b l e  lbut care 
and s k i l l  i s  needed. One man 
operat ion. Roofing n a i l s  are 
c a r e f u l l y  .snipped w i t h  specia l  
shears o r  cu t  w i t h  s l a t e r ' s  t o o l .  
Interconnect ions which. are c lose 
t o  nai  1s must be preservsd. A 
low p r o f i  l e  socket wrench i s  used . 
t o  reach under sh ing le  and d i s -  
connect terminals .  A new 
sh ing le  i s  s l i pped  i n t o  p lace  
and reconnections made. No 
n a i l i n g  i s  needed. 

DIRECT PANEL 

More than one man needed. 
There must be adequate 
length o f  cable f o r  i n -  
terconnect i ons so panel 
can be l i f t e d  and d i s -  
connection made. Breaking 
and remaking weather 
seals w i l l  be a problem. 

A1 lowance f o r  Keepsouth fac ing  s l o p e a s  f r e e  A l s o a p p l i c a b l e  
p ipe  and f l u e  o f  obs t ruc t ions  as poss ib le .  
pene t ra t i on  Designing ar ray  around roo f ing  

elements i s  d i f f i c u l t  i f not  im-  
possib le.  Roof elements cause 
shading and the re fo re  st-ould be 
away from the modules . 

Remove damaged panel on ly  
when replacement has been 
de l ivered.  E l e c t r i c a l  con- 
nect ions are  no problem 
because o f  access f rom 
a t t i c .  Breaking and remaking 
weather seals w i l l  be 
problem. 

Also app l i cab le  



AESTHETIC'CONSIDERATIONS 

Af ter  the  basic func t iona l  engineering requirements of a 'product  o r  appl iance 

i s  developed and s a t i s f i e d ,  the  desl.gli must be consi'dered wi'th respect t o  i t s  

a e s t h e t i c  c h a r a c t e r i s t i c s  and m a r k e t a b i l i t y .  The way i n  which aesthet ics  are 

cons i dered i n  product design o r  i.n the  way In '  wlii ch a product is. incorporated 
. .  . 

i n t o  a b u i l d i n g  design i s  usual.ly.determ?ned by f o u r  bastc r e l a t e d  inf luences:  

. I n t u i t i v e  Judgements 

. Market .Preferences 

. Appropriateness 

. Conserva t i sm 

I n t u i t i v e  Judgements 

Aesthet ic  choices dur ing  the  design process sometimes a r i s e  from the i n t u i t i v e  

judgements o r  experience o f  the designer. For instance, the choice o f  proper 

propor t ions  f o r  an ob jec t  o r  a b u i l d i n g  are not  usua l l y  made by formula, but 

are pos tu la ted by drawing and tes ted by simple inspect ion.  The designer a l so  

knows t h a t  the r e l a t i v e  scales o f  a b u i l d i n g ' s  masses and component pa r t s  are 

important.  The grossest sca le  i s  the  b u i l d i n g  i t s e l f ,  o r  i t s  submasses (wings, 

s t o r i e s ,  po r t i cos  o r  porches). The f i n e s t  scaled pa r t s  are usual l y  window 

m u l l i o n  s ize .  Successful composition usua l l y  balances a range o f  scaled pa r t s  

from gross t o  f i n e  t o  g ive  the arrangement a f u l l e r ,  more complete appearance. 

I n  t h e  r e s i d e n t i a l  market, a simple example o f  good aes the t i c  judgement i s  

the  choice o f  narrow aluminum s i d i n g  o r  wood clapboards over wide u n i t s  on 

smal ler  homes. The scale o r  " texture"  o f  ho r i zon ta l  l i n e s  on the w a l l  sur face 

i s  f i n e r  and more appropr ia te  w i t h  respect t o  the s i z e  o f  thehouse. ( ~ i ~ u r e  17- 

9 ) . The s t y l  i s t  i c preferences o f  most home buyers may have a component o f  

t h i s  type o f  bas ic  i n t u i t i o n .  For instance, the  widespread use of snap-on 

window mu1 l i o n s  t h a t  p a r t i  t i o n  window panes may a r i s e  from a sent imental regard 

f o r  Colonia l  impressions o r  from a bas ic  f e e l i n g  t h a t  the  house design requires 

an intermediate l eve l  between window s i z e  and m u l l i o n  s ize .  S im i la r  judgements 

o f  appropr iate scale are  made w i t h  respect t o  cedar shake s id ing ,  wood shake 

o r  var ious types o f  asphal t  sh ing les  ava i l ab le  on the  market. Th is  concern f o r  

scale w i l l  have an impact on PV panel s p e c i f i c a t i o n  i f  a number of choices 

e x i s t  f o r  the designer. The s5ze o f  the g r i d  pa t te rn  of the-modules may be 



The finer swle of clading materials i s  caordinoted with the sire of the wall arms. 

Siding width and window pane atow are fo large 

SCALE COMPARISON OF BUILDING ELEMENTS 

FtGURE 17-9 



the deciding factor o f  one panel type w e r  another. Photwol t a l c  shlngle 

s t y le  modules a lso must be constdered from t b l r  ylewpotnt. 

Market Preferences 

Knaring the preferences o f  the mass m r k e t  and lncorporatlng than i n t o  a 

product or  bu l ld lng  design encompasses the most important optlons on the f i e l d  

o_f aesthetic choices open t o  lndus t r ta l  destgners and archl tects who may, i n  

fact, have other t8stes. Often, s t a t i s t t c a l  analysts w i  11 shar tha t  tastes 

o f  the general pub l i c  are not always based on costs o r  ra t ional  concerns. I n  

fact, l i t t l e  o f  what i s  regarded as aesthettc i s  predicated on logtc. For 

Instance, much of the llstyles" of archi tecture i n  suburbia and the comnerclal 

s t r i p  -- Colonial, Medlterranean, Spantsh Hlssion, English Tudor -- are inten- 

ded t o  induce fantasy rather than demonstrate the l og i c  o f  construction. A 

more spec i f i c  example o f  t h l s  i s  the garage window. It has be- popular 

among bui lders t o  dress an in tegra l  garage w l th  windows and curtains t o  create 

the i l l us ion  o f  a bigger house. Thts type o f  th ink ing .w i l1  a lso have an impact 

on the module design. For instance,+ most homeowners prefer  monoahromat i c  roofs 

and thel 'polka dot" look o f  the current shingle module design devhtes from 

that  preferences. Even though the white i n s t e r s t l  t i a l  spaces along the round 

c e l l s  may improve e l e c t r i c a l  oUtput, homeowners could forego the increase i n  

e f f i c iency  for  modules that  match baqkground color w i th  PV c e l l  mater ia l  color. 

I n  the past, sane asphalt shingle manufacturers have experimented w l th  blends 

o f  higher contrast shingles but  these co lor  caoblnatlons have been el iminated 

from the market. The strong trend w e r  a number o f  years has been toward 

muted tones w i t h  low contrast from shingle t o  shingle. The br igh te r  colors 

have been el iminated i n  favor o f  shades o f  white, brown and black, although 

some greenish models are available; For Instance, not one maJor asphalt 

shingle manufacturer was found t o  produce a blue shlngle, the co lor  o f  photo- 

v o l t a i c  ce l ls .  A l l  companies dropped that  co lo r  fram t h e i r  l ines i n  the 

ear ly  1970's because sales were poor. Prom th is ,  It t s  evident that  the Ameri- 

can publ ic does not l i k e  blue shfngled rwfs .  It i s  l i k e l y ,  however, tha t  a 

photovoltalc array, when viewed from a distance, w i l l  not appear b r igh t  blue 

but may appear very dark o r  even black. 

Appropriateness 

The approprlate appl icat ion o f  bu i ld tng products and appliances i s  borne out 



o f  respect f o r  the  c u l t u r a l  expectat ions ingrained i n  the general pub l i c .  

Thus, c e r t a i n  b u i l d i n g  products o r  design c h a r a c t e r i s t i c s  may imply " res i -  

dent ia l " ,  "commercial" o r  " i n d ~ s t r i a l ~ ~ .  The hard, s l i c k  large-scale glass 

surfaces o f  s o l a r  thermal f l a t  p l a t e  c o l l e c t o r s  o r  pho tovo l ta i c  panels g i ve  

them a more "commercial" impression which cont ras ts  the  so f te r  tex tures  and 

smal ler  scale r e s i d e n t i a l  wa l l s  and roo f  surfaces. This cont ras t  can be noted 

by inspect ing  s o l a r  thermal arrays i n  operat ion around the  country. The panels 

are  packed i n t o  a t i g h t  a r ray  which usua l l y  has some conventional r o o f i n g  sur-  

rounding i t .  This con t ras t  i s  re in forced by the t h i c k  edge o f  the  s o l a r  panels 

which are usua l l y  surface mounted ra the r  than nested i n  the  roo f .  This gives 

the look o f  an appliance. Photovo l ta ic  panels f a i r  b e t t e r  i n  t h i s  respect. 

Though surface mounted, the thinness o f  the panels w i l l  g ive  a low p r o f i l e  and 

thus a more in tegra ted appearance t o  the  array. I f  the  commercial look o f  t he  

panels cannot be downplayed, then i t s  d e t a i l i n g  w i l l  have t o  be d e f t l y  handled 

by the  designer. Since most of the south f a c i n g  roo f  area w i l l  be required 

f o r  the array,  the pho tovo l ta i c  modules and roo f  area should match and no 

narrow borders o f  d i f f e r i n g  roof ing  ma te r ia l  used. Low p r o f i l e  parapet w a l l s  

can be used t o  conta in  the  ar ray  w i t h  a t i g h t  border. However, parapet w a l l s  

a re  not  o r d i n a r i l y  used as d e t a i l s  i n  the  mainstream o f  housing and o ther  

d e t a i l i n g  methods should be devised t o  n e a t l y  f i n i s h  the  edges o f  the array.  

Shingle type modules make st ronger reference t o  r e s i d e n t i a l  roo fs  and there-  

f o r ~  may SWII tlure appropr ia te  i n  the  r e s i d e n t i a l  market. Because o f  t h i s ,  

t he  shingles may i n  fac t ,  have a market ing advantage over panels despi te o the r  

considerat ions,  i f  they can be made t o  look more l i k e  shingles. But, t he  

over lapping nature and s i m i l a r  s i z e  ends the l i s t  o f  s i m i l a r i t i e s  between 

pho tovo l ta i c  shingles and conventional asphal t  shingles. Most o ther  v i s u a l  

c h a r a c t e r i s t i c s  d i f f e r ,  most no tab ly  the  co lo r ,  shape and tex ture .  The south 

fac ing  pho tovo l ta i c  covered roo f  appearing shiny, dark b l u i s h ,  and t i l e - l i k e ,  

w i l l  con t ras t  the no r th  slope which w i l l  probably be asphal t  sh ingles t h a t  are 

matte, ear th- tone and r e c t i l i n e a r ,  Th is  d i f ference i n  PV shingles and asphal t  

sh ingles can be an important one. Since the modules are  sh ing le - l i ke ,  con- 

sumers w i l l  have a basis f o r  comparison, namely, regu lar  asphal t  o r  wood shin-  

gles. I f  the cont ras t  i s  too  great ,  the product may not  gain acceptance. 

Panels, on the  other  hand, a re  a new product and may, i n  fac t ,  ga in  acceptance 

as a nove l ty  and th&  may develop as a new aes the t i c  i n  housing. 



. . . . , I ,  . . 

Conservat i sm 

I t i s general 1 y t rue  t ha t  the 1 a,rger the' investment an. ?ndi.vidual makes, the. 

more conservative h i s  a t . t i  tude toward. tha t  purchase. w ? l l  be. Photwol  t a i c  

module design a f f ec t s  the appearance of the house which ' i s  d l r e c t l y  rk la ted  tb  

i t s  sa le  price. Since Amer.icans..move a.riumber o f  t i k s  during t h e i r  l i f e -  . 

time,' the po ten t ia l  resa le .va l . t ie~of .  the.home becomes a . c r i t i c a 1  factor  when 

choos ing"b;ne hbme over another. ~here fok&,  the v i sua l  cha rac te r t s t  i cs of . 
, ! 0 .  

photovol t a i c  modules must dkf  i n i . t e l y  .be considered if ear ly 'market  pen i t r a t i on  

i s  t o  be achieved. 



IMPACT OF BU I LD I NG 'CODES ON THE PHOTOVOLTAI C SH l NGLE MODULE 
. . 

Roof Cover i ngs . . 

Roof coverings are  tes ted f o r  t h e i r  f i r e  r e s i s t i v i t y  and ra ted according t o  
: . a 

whether they can pass one :of LI11.ee tescs o f  increasing seve r i t y .  These c l a s s i -  

f i c a t i o n s ,  recognized among . b u i l d i n g  i ndus t ry  o f f i c i a l s  and insurance under- 

write!;, a re  labeled A,, B, and C; A f o r  res is tance t o  severe f i r e  exposure, B 

f o r  res is tance t o  moderate f i r e  exposure:, and C f o r  res is tance t o  l i g h t -  f i r e  
' r  ' . 1 .  . . . . .  

'exposure. Unclassi f i ed  roof coverings a re  those which cannot w i ths tand the  

Class C t e s t  o r  have not  been tes ted  a t  a l l .  For.occupancy types o r  f i r e  zones 

where r i s k  o f  f i r e  and panic are greater ,  Class A o r  B roofs are required i n  

order  ' to  reduce r i s k .  Where r i s k .  to. l i f e - a n d  proper ty  i s  less, Class C o r  

unrated roofs  a re  permitted. 

The BOCA Code s ta tes  t h a t  u n c l a s s i f i e d  r o o f . c w e r i n g s  . . may be used on b u i l d i n g s  

and s t ruc tu res  o f  unprotected frame cons t ruc t i on  ( t h a t  i s ,  Type 4 ~ ) ,  when t h e  

d is tance from any o ther  b u i l d i n g  i s  not  less than 12 fee t .  Since most one o r  

two fami l y  dwel l ings f a l l  w i t h i n  t h i s  exception, any t y p e ' o f  RPM components 

would most probably be accepted by the  Code. Th is  study does not  address.town- 

house o r  attached s t r u c t u r e  but  there  may be more incen t i ve  i n  the f u t u r e  t o  

bui  I d  these types o f  dwel l  ings  s ince they are '  energy e f f i c i e n t .  I f  t h i s  t rend  

occurs, then the  code requirements f o r  roo f  c l a s s i f i c a t i o n s  wi 1 1  become more 

severe. 

The UBC has a s i m i l a r  i n t e r p r e t a t i o n  as BOCA f o r  frame construct ion.  Sect ion 

3203(f)  l i s t s  ma te r ia l s  wh ich  a reaccep tab le  and wood shakes and shingles are  

inc luded (See Bu i l d ing  Codes and Standards Review, Appendix 3 ) .  This suggests 

t h a t  RPM components could be'combustible. The Standard B u i l d i n g  Code i s  less 

s p e c i f i c  but  does not  discourage the  use o f  new mate r ia l s .  . I t  a l so  accepts 

wood shakes and shingles, again suggesting . . t h a t  RPM components could be 

combustible. 

The Nat ional  F i r e  Code i s  more s t r i ngen t .  It e x p l i c i t l y  p o i n t s  out  t h e  f i r e  

hazards o f .  wood shingles and shakesand s p e c i f i c a l l y  p r o h i b i t s  t h e i r  use as 

w e l l  as o ther  roo f  m a t e r i a l s  lacking, . . a Class C ra t i ng .  

P l a s t i c s  are  addressed separate ly  by the  th ree model codes, and accepts f o r  use 



as roo f ing  those mate r ia l s  from i t s  l i s t  o f  approved p l a s t i c s  which are c l a s s i -  

f i e d  by t h e i r  f i r e  ra t i ng .  P l a s t i c s  f o r  s k y l i g h t s  and r o o f i n g  are  permi t ted  

i n  roo fs  f o r  one and two fami l y  dwel l ings,  but  there  are l i m i t a t i o n s .  The maxi- 

mum al lowable area o f  p l a s t i t  i s  usua l l y  20 t o  30% o f  the t o t a l  f l o o r  area. 

Roof St ruc tures  

Special  i n t e r p r e t a t i o n  by Code o f f i c i a l s  may be requ i red  f o r  s tandof f  o r  rack 

mounted modules . S i  nce the  modu.les .mounted i n 'these ways 'could not  ac t  as a 

roo f  covering, t he  .s tandof f  o r  rack mounted system may . f a l l  under the  . c l a s s i f i -  

ca t  i o n  o f  a penthouse o r  more: probably a roo f  s t ruc ture .  . I n  some instances, 

a roo f  s t r u c t u r e  may be categor ized as an add l t l ona l  s t o r y ,  thereby invoking 

s t i f f e r  requirements f o r  cons t ruc t i on . t ype  and r o o f l n g  c l a s s i f i . c a t i o n .  These 

increased.  requi  rements most. 1 i ke.1 y would. apply on1.y t o  stand0f.f and rack 

mounted RPM' s  i ns t a l  l ed  on two-story 'residences t h a t .  a re  judged by code o f f  i - 
c i a l s  t o  be "three stor ies" .  It i s  u n l i k e l y  t h a t  t h i s  s i t u a t t i o n  would be' a 

frequent occurrence. 

Fi r e  Rat i ngs. of Roof Cover l ngs , 

For t h e  great  m a j o r i t y  o f .app l i ea t fons ,  the.physica1 composition o f  sh ing le  

pho tovo l ta i c  modules w i l l  make 1F, t t le  d i f f e r e n c e  i n  ..that a f i r e  ra t ' ing  i s  not 

o r d i n a r i  ly requi.red f o r  detached residences a t  . l eas t  12 feet  ~tpal- t .  Dsspi t c  

t h i s ,  appl i cat  ton o f  the  same modu1.e may be desi red f o r  a d i f f e r e n t  occupancy 

o r  f o r  use i n  a f i r e  zone, and may the re fo re  requ i re  a fi re  r a t i n g  (determined 

by acceptable t e s t i n g  procedures). Conventional roof c w e r i  ngs are  usual l y  

composed of layers  of s i m i l a r  ma te r ia l s ,  forming a f a i r l y  uniform product. The 

sh ing le  module c u r r e n t l y  under development i s  comprised of laminat ions o f  

var ious mater ia ls  bo th  combustible and non-combust i b le .  Making a judgement . 

about the f 1 am-spread o f  a shingle..module based .on. i t s  most o r  l e a s t  combus- " 

t i  b l e  component has no meaning because of t he  t e s t  procedures inco lved i n  the 

r a t i n g  system. Candidates f o r  an.8,  B; o r  C r a t i n g  must w i ths tand an interme- 

d i a t e  flame t e s t ,  a burning brand t e s t ,  and a f'lame spread t e s t ,  a l l  o f  which 

requ i re  t e s t  samples composed o f  a number o f  sh ing le  elements attached t o  wood 

decking represent ing  a t y p i c a l .  roo f ing  i n s t a l l a t i o n .  ASTM E-108, UL 790 and 

NFPA 256 t e s t s  are  near ly  i d e n t i c a l  and requ i re  t e s t  samples f o r  t he  f i r s t  two 

t e s t s  t o  be 3 ' - 4 " x 4 ' - 4 " .  The flame apread t e s t  requi,res a 4 ' - 4 " x  13 ' -0" '  

sample. No s i n g l e  component o f  the  roof ing  elements are  tes ted  separate ly  but  



the e n t i  r e  in-p lace .construct ion must wi thstand the  t e s t .  A1 though PV sh ing le  

modules conta in c e l l u l o s i c  and. syn the t i c  rubber ma te r ia l s  which can burn, t he  

hexagonal g lass cover i s  the  o n l y  ma te r ia l  which i s  exposed on the  roof  surface 

other than the  edge thickness o f  t he  f l e x i b l e  subst ra te  which i s  o r d i n a r i l y  

overlapped. Because o f  the  i n c o m b u s t i b i l i t y  o f  the  glass covers, the  f i r e  re- 

s i s t i v i t y  o f  the  sh ing le  elements could be l a r g e l y  enhanced; I t  must be recog- 

n ized t h a t  t h e  s ta r te r , cou rses  o f  t he  shingles has h a l f  hexagons o f  exposed 
I 

hypalon. These small areas would,be more vulnerable t o  f i r e  and could more 

r e a d i l y  spread flame t o  the  under ly ing wood deck. 

The Nat iona l  E l e c t r i c a l  Code 

The design and mater ia ls  chosen f o r  the i n t e r n a l  e l e c t r i c a l  conductors o f  the 

pho tovo l ta i c  sh ing le  module are  out  o f  the  j u r i ' s d i c t i o n  of t he  Nat ional  Elec- 

t r i c  Code. Tests f o r  e l e c t r i c a l  worth iness 'and f i r e  sa fe ty  o f  appliances are 

c a r r i e d  out  by Underwri ters Laboratories,. Those appliances given U.L. labe ls  

are, i n  general, accepted by the NEC. The e1:ectr ica l  connections from shingle 

t o  sh ing le  could f a l l  w i t h i n  the  j u r i s d i c t i o n  o f  the  NEC. However, the 

threaded i nterconnects now under cons i derat i on  a r e .  not addressed i n  the  NEC 

Code and the re fo re  not  recognized. I n  add i t i on ,  the  exposed f l a t  metal con- 

ductors running underneath te rmina ls  a t  the eaves and w i t h  the top row o f  

p o s i t i v e  te rmina ls  a t  the  r i dge  are addressed i n  NEC A r t i c l e  328, and are not 

a1 lowed i n  residences. Formal i n t e r p r e t a t i o n  regarding t h i s  s p e c i f i c  appl i ca-  

t i o n  o f  f l a t  conductor cables should be sought. (See. NEC Review A r t i c l e  228 

f o r  f u r t h e r  discussion. ) 

MATERIALS STANDARD AND TEST METHODS'FOR THE SHINGLE MODULE 

-Development o f  the photovol t a i  c sh ing le  module can on ly  advance by t e s t  ing 
cur rent  designs, incorpora t ing  improvements suggested . . by t e s t  r e s u l t s ,  and then 

re-evaluat ing new designs by fu r the r  tes t i ng .  When the  manufacturer i s  s u f f i -  

c i e n t l y  s a t i s f i e d  w i t h  the performance of the  product, he w i l l  contact  one o r  

more t e s t i n g  labora tor ies  who can independently evaluate h i s  product. I f  the  

module can wi thstand a se r ies  o f  t e s t s  es tab l ished by the t e s t i n g  labora tor ies ,  

i t  w i l l  gain an approval r a t i n g  of the  labora tory  and thus become a l eg i t ima te  

safe product t h a t  a s p e c i f t c a t i o n , w r i t e r  o r  designer can t r u s t .  When a new . .  

product t o  be introduced i n t o  the.marketplace i s  s l a t e d  f o r  t e s t i n g  by a 

laboratory,  a set  o f  pre-establ  i shed t e s t i n g  procedures usual l y  cannot be ap- 



p l i e d  immediately t o  the product. The type and methods o f  t e s t i n g  are estab- 

l i shed  on ly  through the  judgement o f  labora tory  engineers who must consider 

the  func t i on  and t h e  const ruc t ion  o f  the  product by examining i t  and reviewing 

i t s  intended funct ion.  The opposite i s  t r u e  f o r  es tab l ished products t h a t  are 

t o  be marketed by a company as a new l i n e .  For example, a new company wishing 

t o  manufacture and market asphal t  sh ingles i s  en te r ing  an es tab l ished compet- 

i t i v e  market whose product has es tab l lshed m a t e r i a l  standards and t e s t i n g  pro- 

cedures, These standards and tes ts ,  have been evo lv ing  over decades and are 

numerous as w e l l  as thorough i n  inves t . iga t ing  a l l  aspects o f  the manufacturing 

process. Producers o f  asphalt  sh ingles who have con t rac ted .w i th  Underwri ters 

Laborator ies o r  o ther  t e s t i n g  . . groups, have an ongoing r e l a t i o n s h i p  w i t h  the  

labora tory  t h a t  continues as long as., the product i s  manufactured. Personnel 

from the laboratory,  can perform.. regu lar  on-si  t e  inspect ions o f  both ,mater ia ls  

used i n  the  product and also. the?process of manufacturing t o  ensure cont inu ing 

h igh  q u a l i t y  product ion.  

No d e f i n i t i v e  set o f  t e s t  procedures o r  standards e x i s t  f o r  new.products such 

as t h e  pho tovo l ta i c  sh ing le  module.- These procedures would be assembled and 

c a r r i e d  out  by labora tory  engineers who through experience, sound judgement , 
and thorough inspect ion  and understanding of the  product 's  const ruc t ion  and 

func t ion ,  propose a s e t  o f  t e s t s  the product must undergo. A f te r  the  request 

f o r  t e s t i n g  has been made by t h e  manufacturer, 'and the  proper desc r ip t i on  o f  

t he  i tem submitted, the manufacturer i s  assigned a C l i e n t  Advisor who, i n  t u r n ,  

assigns the product t o  the  appropr iate.  department f o r .  an i n i  t i a1 eva luat ion .  

For instance, Underwri ters Laborator ies would t e s t  t he  sh ing le  module i n  the  , 

Fi.re P ro tec t i on  Department and .the E l e c t r i c a l  Safety Department. I f the pro- 

duct u n s a t i s f a c t o r i l y ,  desi.gn modi f i ca t ions  are  proposed o r  ma te r ia l  

subst i tu ' t ions  suggested. I f  through subsequent t e s t i n g  the  product performs 

t o  the s a t i s f a c t i o n  o f  the  t e s t  o f f i c i a l s ,  the  t e s t  procedures are f i xed  and .. 

the  ma te r ia l s  and t h e i r  leve l  o f  qui1.i t y  a re  l i s t e d  as the  ma te r la l  standard 

f o r  t h a t  model. 

Some es tab l ished t e s t s  are  d l rec t l y .app l f cab1e  t o  new products w i thout  any . 

modi f i cat ions i n  the  procedures. For example, Underwri ters Laborator ies F i  r e  

P ro tec t i on  Department can p,erform two standards t e s t s  on. the  sh ing le  module. 

The f i r s t  t e s t  would.be UL 790, Tests fo r  F i r e  Resistance of Roof Covering 



Mater ia ls .  The t e s t  f i x t u r e s  which ho ld  the  samples are 3 '4"  x  4 '4 "  o r  3'4" x 

10'; depending on the  t e s t  category and are q u i t e  adequate i n  s i z e  t o  s imulate 

roof  i n s t a l  l a t i o n  o f  PV sh ing le  modules. These t e s t  methods are dupl ' icated i n  

NFPA 256. Another common f i r e  t e s t ,  -UL 726 (ASTM ~ 8 5 ) ,  "Standard Method o f  

Test f o r  Surface Burning Charac te r i s t i cs  o f  B u i l d i n g  Mater ia ls "  i s  not  a p p l i -  

cable t o  the sh ing le  module. This t e s t  i s  used most ly  t o  evaluate sheet and . 

r o l  l e d  mater ia l .  used on. the i n t e r i o r  surfaces o f  bu i  ld ings .  The second re le -  

vent t e s t  i s  UL 997, "Wind Resistance o f  Prepared Roof Covering Mater ia ls "  

(ASTM ~ 3 1 6 1 ) .  A  50 by 66 inch roo f  assembly i s  used i n  t h i s  procedure and can 

be adapted t o  t e s t  the e f f e c t s  o f .w ind-dr iven r a i n  by in t roduc ing water i n t o  

the a i  rstream. 

Both the  e l e c t r i c a l  components as we l l  as the  s t r u c t u r e  con f igu ra t i on  o f ' a n  

e l e c t r i c a l  device are  re levant  t o  the. product i n v e s t i g a t i o n  by the  E l e c t r i c a l  

Safety Department. The number and. scope o f  t e s t  procedures can be considerably 

s i m p l i f i e d  i f  t h e  device i s  constructed from prev ious ly  approved components. 

I f  the  conductors, pl,ugs, switches, an'd terminals are adequate by previous 

t e s t i n g ,  then the  s p e c i f i c  ma te r ia l  o r  s t r u c t u r a l  c h a r a c t e r i s t i c s  are i n v e s t i -  

gated t o  determine i f  they could i n t e r f e r e  w i t h  o r  damage the  e l e c t r i c a l  system 

dur ing  normal, opera t ion  and so cause r i s k  of e l e c t r i c a l  shock o r  f i r e .  I n  

l i g h t i n g  f i x t u r e s ,  the w i r e  en te r ing  the  f i x t u r e  must not  abra id  by contact  w i t h  

the sharp edges o f  the rough openi'ng t h a t  accommodates the  w i r e  diameter. 

Usya l ly  a h~ lsh ing  i s  i n s t a l l e d  d t  poi'nts o f  penet ra t ion  t o  p ro tec t  the  w i re .  A 

lack o f  such bas ic  sa fe ty  features i n  a  new product w i l l  be exposed by v i s u a l  

examination r a t h e r  than s p e c i f i c  t es ts .  Other standard tes ts  may be performed 

on the device o r  e n t i r e l y  new t e s t s  desi'gned and developed t o  evaluate the  more 

novel features o f  the product.  

One t e s t  t ha t  UL does not  perform i's a  h a i l  res is tance t e s t .  The Nat ional  

Bureau o f  Standards, however, has established methods f o r  determining the 

.e f fec ts  o f  h a i l  i n  t h e i r  t e s t  NBS-23, H a i l  Resistance of Roofing Mater ia ls .  

This standard describes methods f o r  the  manufacture o f  a r t i f i c a l  ha i ls tones t o  

be loaded i n t o  a  s p e c i a l l y  designed gun which f i r e s  them a t  a  t a r g e t  o f  roo f  

mater ia ls .  The f i r i n g  v e l o c i t y  i s  c a l i b r a t e d  t o  s imulate the  var ious  te rmina l  
v 

v e l o c i t i e s  o f  d i f f e r e n t  s i z e  diameter ha i ls tones the roof  covering may be sub- 

j ec ted  - t o  i n  ac tua l  c i  rcumstances. (.For f u r t h e r  informat ion see Appendix 20) .  



< 

Temperature and humidi ty  cyc l  ing  t e s t s  (Appendix 20 ) are  ra the r  s t ra igh t fo r .  

ward and would requ i re  l i t t l e  adaptat lon t o  accommodate the  sh ing le  module. 

There may be a need t o  determine the  poss i b i  1 i t y  o f  fungus growth'a'round the  

edges o f  t h e  sh ing le  over lap o r  underne'ath the tabs. AS?M G-21, "Standard 

Recommended Prac t i ce  f o r  Determining Resistance o f  Synthet ic  Polymeric 

Ma te r ia l s  t o  Fungi" i s  a d e t a i l e d  .21.-day t e s t  t o  determine i f  c e r t a i n  p l a s t i c s  

wi 11 support the growth o f  fung'us. . I n  the case o f .  the PV shi"g1e module, the  

on ly  mater ia ls  exposed on t h e  roo f . su r face  are the  glass cover p la tes .  I t  i s  

u n l i k e l y  t h a t  glass exposed t o  heavy UV. r a d i a t i o n  on the  south s lope o f  a roo f  

w i l l  support fungus growth. In. t.hi.s Snstance, the  concern i s  not' w i t h  the  

ma te r ia l s  involved but  w i t h  fungus and the  poss ib i  1 i t y .  o f  growth 'between t h e  

over lapping tabs. If labora tory  engineers determine. that  such a p o s s i b i l i t y -  

o f  fungus growth e x i s t s ,  a t e s t  procedure may have t o  be es tab l ished tha t  can 

adapt some o f  the  ASTM-G-21 procedure. 

A t e s t  o f  g reater  importance t o  sh ing le  durability and longev i t y  would be an 

accelerated aging o r  weathering. t e s t .  Most conventlonal roo f ing  ma te r ia l s  are  

more s ingu la r  i n  composition than.. t he  pho tovo l ta i c  shingle. module now under 

development. The d i f f e rence  i s  the  v a r i , e t y . o f  ma te r ia l s  and number o f  lamina- 

t i o n s  involved i n  i t s  construct ion.  I n  order  t o  ensure t h a t  these mate r ia l s  

and the  adhesives j o i n i n g  them are  capable o f  enduring long term cycles o f  

adverse weather cond i t ions  w h i l e  pro tec t ing .  the e l e c t r i c a l  conductors and t e r -  

minals b u i l t  i n t o  the shingle,  u l t r a v i o l e t  r a d i a t i o n  as w e l l  as a i r  p o l l u t i o n  

t e s t s  sh,ould be c a r r i e d  out.  

With every new product t h a t  i s  submitted f o r  tes' t ing, the  f i r s t  i n v e s t i g a t i o n  
. . 

es tab l  ishes the  standards f o r  ma te r ia l s  o f  const ruc t ion  as we1 1 as t h e ' v a r i o u s  

t e s t s  f o r  f i r e  hazards o r  performance under normal o r  adverse condi t ions.  

These standards are  under constant . rev is  i on  as materi .als, .  design, and produc- 

t i o n  methods improve. While o the r  developments are underway, c e r t a i n  ma te r ia l s  

produced years ago are  s t i  11  undergo.i.ng long term t e s t i n g .  For instance, f i  r e  

t r e a t e d  wood shingles are tes ted  a t  c e r t a i n  yea r l y  i n t e r v a l s  t o  determine i f  

t h e i r  f i r e  re tardant  chemicals remain ac t ive .  Asphalt sh ingles are tes ted a t  

one, two, three, f i v e  and ten .year  i n t e r v a l s  f o r  f i r e  resistance. It has been 

found t h a t  t h e i r  r e s i s t a n c e . t o  f i r e  improves w i t h  age. 



I n  general,  the establ ishment o f  t e s t  methods and standards cannot be c a r r i e d  

out  by simply s e l e c t i n g  standard t e s t  .numbers from a ca ta log  supp l ied  by the  

var ious t e s t i n g  labora tor ies .  They are, f i r s t . o f  a l l ,  decided through the  

judgement and experience of the l a b r a t o r y  cng inet rs ,  and ehey cont inue t o  

evolve as long as the product i s .  produced and the  manufacturer i s  under con- 

t r a c t  f o r  .ongoi ng inspect ion  and t e s t  ing. 

The need f o r  f u r t h e r  product improvement may become apparent on l y  through f i e l d  

experience. For instance, the res is tance t o  snow and i c e  r e t e n t i o n  i s  d i f f i -  

c u l t  t o  s imulate i n  a laboratory.  I t s  impact on e l e c t r i c a l  performance may 

on ly  be ascerta ined by exposure t o  snow and i c e  i n  d i f f e r e n t  regions and a t  

d i f f e r e n t  degrees of slope. Such ambigui t ies as these w i l l  even tua l l y  be re-  

solved throughout t ime by f i e l d  experience, design rev is ions  and f u r t h e r  t e s t -  

ing. 

CONCLUS l ONS 

Exp lora t ion  o f  a sh ing le  concept i n  r e s i d e n t i a l  photovo l ta ics  i s  a r a d i c a l  'de- 

pa r tu re  from f l a t  p l a t e  module design and i t s  associated problems o f  incomplete 

waterproof ing,  the weight of t he  i n d i v i d u a l  panels and a "commercial" appear- 

ance i n  r e s i d e n t i a l  app l ica t ions .  The.shingle module concept should imply re-  

duced complexity, a proven watershedding method o f  over lapping u n i t s ,  and a 

low s k i l l  i n s t a l l a t i o n  w i t h  e a s i l y  manageable u n i t s  t h a t  do not  requ j re  

h o i s t i n g  aquipilient. The idea of a sh ing le  s t y l e  module a .1~0 i s  a l o g i c a l  con- 

c e p t . t o  develop because i t  could be r e a d i l y  accepted w i t h i n  mainstream b u i l d i n g  

const ruc t ion .  However, i nves t i ng  the cur rent  R & D module w i t h  these character-  

i s t i c s  has not  been f u l l y  achieved. 

The PV sh ing le  designer has more than s a t i s f i e d  a t  leas; one requirement f o r  

weather p ro tec t i on .  An i n s t a l l a t i o n  o f  PV shingles provides t r i p l e  instead 

of double the  coverage of conventional shingles,  a c h a r a c t e r i s t i c  stemming 

from i t s  hexagonal geometry. There i s  l i t t l e  doubt t h a t  these shingles w i l l  

keep ou t  the ra in ,  al though t e s t s  f o r  wind d r i ven  r a i n  and c a p i l l a r y  a c t i o n  

should be performed. I n  t h i s  respect,  the f i n a l  conclusions about PV f l a t  

p1at.e and sh ing le  concepts are  counterposed. Large area panels may promote 

long term d u r a b i l i t y  f o r  PV c e l l s ,  bu t  in.expensPve, dependable waterproof ing 

a t  the  j o i n t s  i s  questionable.. On the :o ther  hand, the  sh ing le  module, i n  



so lv ing the weather problem, may comprcmise the long-term e l e c t r i c a l  function. 

Concern about the long-term success of the shingle-stems from i t s  r e l a t i v e  

small s i ze  and the d u r a b i l i t y  and complexity of i t s  construct ion. In  a t yp i ca l  
2 

1,000 f t  appl ica t ion,  i n s t a l l e r s  have t o  devote s i m i l a r  care t o  1800 shingle 

modules as they would t o  only 63 - 48 x 48 tnch o r  47 - 32 x 96 inch panels. 

The greater number o f  interconnections on a shingle/module array increases the 

p r o b a b i l i t y  o f  f a i l u r e  e i t h e r  by m l s s i o n ,  defect ive interconnect screws o r  

busses; o r  by r a i n  o r  i c e  i n f i l t r a t i o n  w e r  the years. The interconnects are 

not hidden deeply under the overlap, but  are located near the lower edge o f  the 

overlapping shingle. To f u l l y  evaluate i t s  long term performance, the designers 

should t e s t  the in te rac t ion  o f  mater ia l  d u r a b i l i t y  and e l e c t r i c a l  output. 

By v isua l  inspection, i t  i s  apparent..that the state-of- the-art  development 

d i l u t e s  the s t rength.o f  the o r i g i n a l  concept. . Each u n i t  i s  b u i l t  from mu l t i p l e  

laminations, sandwiched p r i n ted  c i  . . r cu i  t s  o r  metal fo i  1, and e l e c t r i c a l  terminals 

embedded i n  the f l e x i b l e  tab. '  Although the manufacture of the shingles can be 

ra t iona l i zed  by assembly l i n e  procedures,, a l o t  o f ,mate r ia l  and process steps 

have been devoted t o  producing and 'supporting a small ac t i ve  area o f  photo- 

v o l t a i c  mater ia l .  This ine f f i c iency  of s ize may extend t o  the f i e l d  where.the 

roof  area could be covered more qu ick ly  i f  the modules were larger.  The length 

o f  a shingle module could double,and s t i l l  he manageable, yet  the ac t i ve  PV area 

could' quadruple. This 1 i ne  of reasoning, however, does not necess,ari l y  ho ld  
2 t r ue  f o r  roof ing mater ia ls.  ..Labor costs per f t  ' f o r  i n s t a l l i n g  wood shakes 

w i t h  ind iv idua l  exposed tab areas o f  40 inch2 are only s l i g h t l y  h igher than 
2 labor costs f o r  asphalt shingles w i t h  ind iv idua l  exposed :tab areas o f  216 inch . 

Slate  shingle labor costs are near ly  two and one h a l f  times higher. Other 

fac to rs  may 'be more c r i t i c a l  than s ize  such as weight and f ragi  1 i t y  o f  the 
L 

J u n i t s  o r  the connection..method as may be the case..with the R & D shingle ,module. 

Unless other e l e c t r i c a l  connection i s  devised, the 3600 threaded in te r~onnec t i~ons  

i n  a t yp i ca l  res iden t ia l  appl i c a t i o n  w i  11 probably. hinder the.  speed o f  instal -* ,  

l a t i o n  and costs' w i  11 be p roh ib i t i ve .  

These conclusions' are .based on analysis of a product i n  . i t s  ea r l y  stages o f  
. , 

development. A f t e r  successful functional tes t ing ,  i t s  fFtness as ' a  marketable 

'compet i t ive  product w i  1.1 determine the extent  of' i t s  app l i ca t ion '  i n  the residen- 

t i a l  bui ld ing.market .  
. . 
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APPENDIX 18. RETROFIT APPLICATIONS 
7 .  

PURPOSE: I n v e s t i g a t i o n  o f  p o t e n t i a l  problems tha-t may a r i s e  i n  
. . r e t r o f i t  app l i - ca t ions  f o r  p h o t o v o l t a i c  a r rays  was under- 

taken. 

CONCLUSIONS: Each of t h e  a r r a y  mounting . techniques h a s , i t s  own s e t  o.f 

, I - i n s t a l l a t i o n  problems f o r  r e t r o f i t  a p p l i c a t i o n s .  Most 

. . . . - . : . . r e s t r i c t i v e  i s  perhaps .the rack  mount ing technique f o r  

r oo f t op  . a p p l i c a t i o n s .  Severe p o i n t  s t r e s s  problems may 

a r i s e  when a t t emp t i ng  t o  use rack  mounts on convent iona l  

roofs.  Rack mounts may bes t  be a p p l i e d  t o  f l a t  roof's. 

A e s t h e t i c  cons ide ra t i ons  may r.equi r e  t he  a d d i t i o n  o f  

more l i v i n g  o r  work space, o r  ex tens ion  rework o f  t he  

e x i s t b n g  s t r u c t u r e  t o  accommodate t o  p roper  i n t e g r a t i o n  

o f  a  PV a r ray .  Module we igh t  should n o t  p resen t  problems 

i n  r e t r o f  i t appl  i c a t i o n s ,  as t y p i c a l  r o o f i n g  . t i  l e s  and 

s l a t e  weigh i n  t he  range o f  10-20 ~ b s / f t . ~  -- cons iderab ly  

l e s s  than t y p i c a l  PV modu,.es. Area l i m i t a t i o n s  w i l l .  

. impose des ign r e s t r i c t i o n  on PV r e t r o f i t  appl  i ca t ' i ons .  

I n d i v i d u a l  a p p l i c a t i o n s  must be examined f o r  t h e i r . o w n  

m e r i t s  o r  problems. 

RECOMMENDATIONS: Betore a t t emp t i ng  t o  des ign PV a r r a y s  f o r  r e t r o f i t  a p p l i -  

ca t i ons ,  ex tens i ve  e v a l u a t i o n  o f  t he  e x i s t i n g  r o o f  s t r u c -  

t u r e s  should be made i n  o r d e r  t o  ensure the o r i g i n a l  des ign 

l i m i t s  a r e  n o t  exceeded. 

l NTRODUCT l ON . .  . 

The number o f  new homes be ing  cons t ruc ted  in the  Un i t ed  S ta tes  every year  i s  

o n l y  a  smal l  percentage o f  t h e  t o t a l  number o f  e x i s t i n g  homes. Since t h e r e  a r e  

a  l a r g e  number of  e x i s t i n g  res idences throughout the coun t ry ,  cons ide ra t i on  

must be g iven  t o  module des ign requirements f o r  r e t r o f i t  a p p l i c a t i o n s .  Exami- 

n a t i o n  of t h e  m i l l i o n s  o f  e x i s t i n g  residences w i l l  show t h a t  a  very  smal l  num- 

be r  a r e ' s u i t e d  f o r  t h e  immediate a p p l i c a t i o n  o f  p h o t o v o l t a i c  modules. A l though 

n o t  .ser ious,  spec ia l  problems do e ' x i s t  i n  t he  r e t r o f i t  a p p l i c a t i o n s  market, 

and cons ide ra t i on  o f  these problems must be.addres'sed. 



General Descr ip t ion  

The o r i e n t a t i o n  o f  the  .photovol t a i c  modules i s  c r i t i c a l - .  Because o f  t h i s ,  two 

r e s t r i c t i o n s  become read i ly .  apparent in .  the r e t r o f i t  i na rke t .  F i r s t ,  the need 

f o r  a souther ly  exposure; and second, the need f o r ' a  proper t i l t  angle. The 

r e s t r i c t i o n s  a re  probably the major problem i n  .the pho tovo l ta i c  r e t r o f i t  

market. . : .  

. .  

An examinat ion o f  the .four mounting . types: t o  the  r e t r o f  i t' ,problem i n d i c a t e s  

t h a t  the  problem can be overcome. Use'of  cer ta in.mount ing types i s  one solu-  

t i o n .  .B"t, i n  the  long run, spec ia l  i n s - t a l l a t i o n  systems f o r  the i n t e g r a t i o n  

o f  a s o l a r  system i n t o  a new o r  e x i s t i n g  home which lack  p rope ' r .o r i en ta t i on  

o r  do no t  adapt e a s i l y  t o . s o l a r  i n s t a l l a t i o n s , m u s t  be developed. Using the 

assumptions genejated i n  the  panel s i z e  and shape study ( ~ p p e n d i x  '14),  consid- 
\. ' 

e r a t i o n  can now be. given t o  the  . indi,vidual mounting techniques. 

:. . 
1. Rack mount, ground;support: Due t o  the f l e x i b i 1 i . t ~  o f . t h i s  mounting 

technique, i t  i s  w e l l  s u i t e d  : fo r  r e t r o f i t  apbl i.catioi.1~: 'Being lo-. 

cated away from the s t r u c t u r e  and having i t s  own s t r u c t u r a l  system 

al lows f o r  any o r i e n t a t i o n  and t i l t  angle t o  be achieved. However, 

problems. us ing t h i s  technique are space, zoning ordinances and 
i 

aesthetics; which may p rec l  ude the  use .of  rack mounted' support arrays.  
, . 

Rack mount, ' roo f  o r  deck 'support: .F lat  roo fs  are best.  su l  ted  fur 

rack mounted roof top  arrays.  ' T h i , ~  1,imi t s  t h e i  r use t o  residences 

located p r i m a r i l y  i n  t h e  southwestern 'part  o f  t l ie  country. Struc- 

t u r a l  problems may .ar ise when p lac ing  rack. mount'ed arrays on roofs. 

Severe p o i n t  ' loading condi t ions,may be encountered and c lose a t ten -  

t i o n  must be g iven t o  the des,ign aid poss ib le  redesign o f  roo f ing  

s t r u c t u r a l .  members. Flashing' 'and' waterproof ing w i  1 1  be a problem 

and d e t a i l i n g  o f  these areas must be g iven extensive eva luat ion .  
. . 

2: Standoff mount: Thts mounti.ng technique adapts i t s e l f ' w e l l  t o  r e t r o -  

f i t  app1ication.s. The 'problem o f  ti.lt angle i s ' easy  t o  overcome 

using. t h f s  technique i s  t h a t  of t i l t  angle and o r i e n t a t i o n  t o  a 

souther ly  exposure i s  n 0 t . a  majdr problem, provided t h a t  the angle 

from sou th " i s  smal.1'. This :technique may be a e s t h e t i c a l l y  undesir'- 

able: - ~ u e '  t o ,  i t s  l i .keness t o  rack 'mounting, s i m i l a r  ,problems e x i s t .  



Although, the s t r u c t u r a l  members o f  the s tandof f  a r ray  w i d 1  impose 

less dead loading than w i t h  rack mounting. . 

3 .  D i r e c t  Mount:. This  technique, the d i r e c t  a p p l i c a t i o n  o f  P V  module 

t o  the roo f  s t ruc tu re ,  does not  lend i t s e l f  w e l l  t o  r e t r o f i t  a p p l i -  

ca t ions  where the roo f  i s  no t  f ac ing  south. I n  o rder  t o  use d i r e c t  

mounted modules i n  a  r e t r o f i t  a p p l i c a t i o n ,  a d d i t i o n a l  s t r u c t u r e  may 

be added t o  t h e . e x i s t i n g  bu i ld , ing  t o  accommodate t i l t  and o r i e n t a -  

t i o n .  This method i s  f e a s i b l e  and w i l l  be discussed l a t e r .  On 

convent ional sheathed roo fs  the i n s t a l l a t i o n  o f  d i r e c t  mounted 

array!s should impose no spec ia l  requirements on the s t r u c t u r a l  

c h a r a c t e r i s t i c s  o f  the roo f .  For roo fs  w i thou t  sheath.ing, those 

w i t h  p e r l i n s  and t i l e ,  spec ia l  modules may be required. However, 

weight k i l l  not  be an o v e r r i d i n g  c r i t e r i a ,  as t y p i c a l  t i l e s  weigh i n  

the range o f  10-20 1 b s / f t e 2  which i s  considerably less than a  t y p i c a l  

P V  pane.1. R e t r o f i t  app l i ca t i ons  which u t i l i z e  roo fs  constructed o f  

t i l e s  hung o,n p e r l i n s  are  s p e c i a l l y  s u i t e d  t o  PV a p p l i c a t i o n  i f  t i l t  

angle and o r i e n t a t i o n  are  acceptable. T i l e s  could be replaced 

d i r e c t e d  w i t h  s p e c i a l l y  designed PV modules. .Module weight should 

not  pose l i m i t a t i o n s  as the t i l e s  i t  w i l l  replace are two t o  th ree  

times heavier.  

, 4. I n teg ra l  Mount: The same problems t h a t  arose w i t h  the  d i r e c t  mount 

system can be expected w i t h  the . i n teg ra1  mount technique. Add i t i ona l  

shear b rac ing  I s  a l s o  requ i red  which may r u l e  ou t  t h i s  approach 

except i n  speci a1 r e t r o f  i t cases (complete remodel i ng) . 

Add i t ion  R e t r o f i t  Systems. Use o f  an ,add i t i on  such as a  garage a l lows f o r . t h e  

i n t e g r a t i o n  o f  a  so la r  system i n t o  e i t h e r  new o r  e x i s t i n g  homes which lack  

proper o r i e n t a t i o n ,  t i l t ,  o r  do not  adapt e a s i l y  t o  s o l a r  i n s t a l l a t i o n s .  I n  

such cases, the  garage r e t r o f i t  system would be ab le  t o  assume the proper  t i l t ,  

l oca t i on ,  and o r i e n t a t i o n  and would be adaptable t o  a  v a r i e t y  o f  s i t u a t i o n s .  

The ar ray  can vary i n  s i z e  t o  meet a  s p e c i f i e d  load demand and can u t i l i z e  any 

o f  the four  .mount,ing -techniques. The garage lends i t s e l f  w e l l  t o  the i n s t a l -  

l a t i o n  o f  the P V  ar ray  and a l l  the v a r i e t y  o f  a r ray  op t ions  s ince i t  i s  a  r e l -  

l a t i v e l y  open s t r u c t u r e  and does n o t  produce some o f  the  problems,,of i n s t a l -  



l a t i o n  and opera t ion  common t o  a residence. There are disadvantages,, hawever. 

Often, add i t i ons  such as garages are  not  poss ib le  due t o  land a v a i l a b i l i t y  

problems, o r  perhaps a garage a l ready e x i s t s  precluding the necessi ty  f o r  a 

second garage. However, t h i s  a d d i t i o n  need no t  be l i m i t e d  t o  a garage space. 

Another and perhaps more c r i t i c a l  disadvantage i s  the  ar ray  area l i m i t a t i o n  

which may be experienced by a small add i t i on ;  

Add i t i on  Options. The f o l l o w l n g  opt ions  describe the  way i n  which a standard 
. - 

garage a d d i t i o n  may, be modi f ied  t o  increase a v a i l a b l e  roof .area.  Options . in-  

c lude an a d d i t i o n  w i t h  no increas.e t o  the  roo f  area, an extension t o  the  roof  

area, a s ide  add i t i on ,  and a combination o f  roo f  e x t e n i i o n  and s'ide add i t ion .  

Option one, as seen i n  F igure 18-1, i s  a r e t r o f i t  system. requi ' r ing a minimum 

o f  construct ion.  As seen, t h i s  o p t i o n  w i l l . a l l a w  18 panels, 32x96 inch, w i th -  

, out' r e l y i n g  on add i t i ons  o r  extensions o f  the, garage roo f  area. This o'pt ion 
2 2 

would o n l y  y i e l d  384 f t  o f  panel' area, much less than the  required 1,000 f t  . 
I f  t h i s  a d d i t i o n  i s  a garage, vehicu1.ar access i s  poss ib le  o r a l l  f ou r  sides. 

Opt i o n  two i s  a r e t r o f i t  system conta in ing  27 panels, 32x96 inch, an increase 

o f  60% over op t ion  one through a d d i t i o n  o f  a roo f  extension. Th is  op t ion  
2 2 y i e l d s  576 f t  o f  panel area, again much less than the  required 1,000 f t  . 

Vehicular  access i s  .again poss ib le  on a l l  sides. 

0pt i .on th ree  i s  a r e t r o f i t  system a l s o  conta in ing  27 panels, 32x96 inch, by the  

i n s t a ' l l a t i c n  o f  a s ide  add i t i on .  However, by f u r t h e r  extending t h i s  add i t i on ,  
2 36 panels can be i n s t a l l e d  on the  roof,, g i v i n g  7 6 8 , f t  o f  a r ray  area. Access 

t o  the  garage w i l l  be l i m i t e d  t o  three sides, w i t h  no access on the  south facade. 

op t i dn  f o u r  i s  a r e t r o f i t  system conta in ing  36 panels, 32x96 inch. Th is  i n -  

crease i s  achieved by a roo f  extension and t h e  i n s t a l l a t i o n  o f  a s ide  add i t i on .  

By extending both  add i t ions ,  54 panels, 32x96 inch, can be added t o  'the roo f  
2 2 

s t r u c t u r e  y i e l d i n g  1152 ft o f  a r ray  area. Th is  i s  i n  excess o f  1,000 f t  re- 

quirement. Th is  op t ion  would conta in  the  l a rges t  array. in, the f o u r  opt ions 

which meets the  required 1,000 f tz,200 Vdcrequirement. 

A l l  the  opt ions  and t h e i r  var ious re la t i onsh ips  t o .  the  ad jo in ing  residence are 

i l l u s t r a t e d  i n  F igure 18-2. 





FIGURE 1'8-2 



APPENDIX 19. RESIDENTIAL PHOTOVOLTAIC MODULE PERFORMANCE CRITERIA 

PURPOSE: The Res ident ia l  Photovo l ta ic  Module C r i t e r i a  was developed 

. t o  a c t  as a gu ide l i ne  f o r  the development of r e s i d e n t i a l  

module ,requirements and a l s o  t o  ac t  as' a f i r s t  d r a f t  o f  a .  

f u tu re  r e s i d e n t i a l  pho tovo l ta i c  systems performance c r i -  

t e r i a  document - t h i s  document covers the pho tovo l ta i c  

module only.  

CONCLUSIONS: The need f o r  a r e s i d e n t i a l  photovol t a i c  systems performance 

c r i t e r i a  document . e x i s t s  and the  immediate development o f  

such a document should be undertaken i n  order  t o  ensure 

module and system performance, whi l e  n o t '  h inder ing  product 

. . .. deve 1 opmen t . 
. '. ., .>,  . . . . ,. . . . .. . . .  , , 

. . 
. . , , 

.. 1 . _ " . . . 
RECOMMENDATIONS.: A. res,i'-den,t'ial ph6tovol t i i  c module performance c r i t e r i a  o r  

more impor tant ly  a r e s i d e n t i a l  pho tovo l ta i c  systems per-  

. . forniance c r i t e r i a  should be developed i n  the  .very near 

. . 
fu ture .  - .  

. " 

I NTR0I)IJCT I ON ' . , 
. . . . 

. . .. . . . . 

The l n t e r i m . ~ 6 6 f ~ i m s n c c  C i ' i  t r r l a  (RPHPC) document was draf.ted t o  out1 i ne  a1 1 

o f  the  s p e c i f i c  maiket r e l a t e d  concerns the-modu1e:manufacturer must resolve 

if he i s  going t o  prbduce'a success fu l ' r es iden t ia l  module. Th is  document does 

not p resc r i  be but: instead references t e s t s  t h a t  determine compl i ance o f  . the 

module t o  e x i s t i n g  codes and standards. These tes ts ,  because they are not  

incorporated i n  the . . body of the RPMPC, can ,be:updated as both the module and 
. ,  _ . '  . 

market mature. The RPMPC i s  no t  a f i n a l  document but i s ,  therefore, t he  f i r s t  

. o u t l i n e ' o f  an evo lv ing  study t o  be completed as both the module and the market 

mature. . 
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1. REQU I REMENTS : FUNCT l ON 
. . 

1 .1 MPULE 'PERFORMANCE 

The module shal.1 be capabde of  absorbing s o l a r  energy . . and conver t ing  
i t i n  t o  e 1 e c t  r i  ca 1 energy. . . 

I 2 ENERGY TRANSPORT .PER,FORMANCE . .  

The e l e c t i i c a l  t r anspor t  components of the  module s h a l l  t r ans fe r  the 
requi red e l -ec t r5ca l  energy a t  o r  a b w e  the design e f f i c i e n c y  under 
f u  1 1 1.oad cond i't ions., 

. . 



1.1 REQU l REMENT 

1.1.1 CRITERION 

EVALUAT l ON 

COMMENTARY 

1.1.2 CRITERION 

EVALUATION 

CRITERION 

REQU l REMENT 

. PV MODULE PERFORMANCE. The module . 
s h a l l  be capable o f  absorbing s o l a r  
energy and conve,rt ing i t  i n t o  e l e c t r i -  
ca 1' energy. 

NOMINAL OPERATING CELL TEMPERATURE 
The PV Module's nominal opera t ing '  
c e l l  temperature (NQCT) s h a l l  be 
determined when the f o l l o w i n g  condi- 
t i o n  se t  f o r t h  i n  Appendix I - A  and 
s ta ted  where ind ica ted i n  t h i s  docu- 
ment. 

Review o f  drawings, s p e c i f i c a t i o n s  and 
ca lcu la t ions .  Documentation w i l l  be 
obta ined as .out 1 i ned i n  Sect i on  2 ' o f  
Appendix 1-A. 

Since power output  i s  d i r e c t l y  re la -  
t ed  , t o  ope.rat,'i ng o r  t e s t i n g  tempera- 
tu re ,  i t '  i s ,  important t o  determine the  
nominal opera t ing  c e l l  temperature i n  . 
o rder  t o  standardize o r  normal i ze 
power data. 

ELECTRICAL DESIGN OUTPUT. The PV 
Module s h a l l  have an e l e c t r i c a l  power 
ou pu t  ra ted a t  A i r  Mass 1.5 (100 mw/ 2 cm o r  AM 1.5) and a t  the  nominal c e l l  
operat ing. temperature.  The nominal 
c e l l .  operat ing temperature s h a l l  be 
determined f o r  the p a r t i c u l a r  module 
t o  roo f  mounting design. 

Review drawing , speci f i ca t  ions and 
ca lcu la t ions .  Documentation w i l l  be 
obta ined by u t i l i z i n g  the tes t .  pro- 
cedure out  1 i ned i n  'sect i o n  1 of 
Appendix I - A .  

M'IN I MUM. POWER OUTPUT. Manufactured 
PV Modules s h a l l  produce no less than 
90% 'o f  the  value as deterh i  ned i n  
C r i t e r i o n  I. 1.2. 

U t i l i z e  the procedure as es tab l ished 
i n  C r i t e r i o n  1.1.2.. 

ENERGY.TRANSPORT PERFORMANCE. The 
e l e c t r i c a l  t ranspor t  components o f  the  
module s h a l l  t ransfer ,  the requi red  ' 

energy a t  o r  above the  design e f f  i- 
cie'ncy under f u l l  'load ,condi t ibns. 



1 . 2 . 1  CRITERION ELECTRICAL LOSSES E l e c t r i c a l  losses 
. s h a l l  not exceed the design values 

throughout the operat ing range o r  
service l i f e  o f  the module. 

, . Review o f  drawings, s p e c i f i c a t i o n s ,  
and ca lcu la t ions  and test .  r e s u l t s .  



APPENDIX I - A  

EtECTRl CAL PERFORMANCE 

E lec t r i ca l .  performance measurements sha l l .  be referenced t o  Standard Oper- 
a t i  nb. Conditions (sOC) defined as 100. .mw/cm2 AM1.5 i r rad i  ance, Nominal operat- 
i ng  Cel l  Temperature. A1 1 procedures'; equipment and standards re la ted t o  
measurements, sha l l  conform t o  the. l a t e s t  rev is ion  . to date o f  the contract  o f  
NASA TM 73702, Terrest r ia l , :  Photovoi ta ic Measurement Procedures, dated June 
1977. The reference c e l l  sha l l  be the on ly  i r radiance used. Secondary stan- 
dards o r  t ransfer  modules sha l l  not be used. 

To provide f o r  e f f i  c i en t  module.. tes t ing,  module performance may be based 
on module~output a t  .eithe.r SOC condit ions o r  a t  Optional Test Conditions (OTC) 
defined as 1 0 0 ' m ~ j c m ~  i.rradianc$, and.a c e l l  temperature o ther  than NOCT. 
When .measurements are made a t  OTC, the power output (P) a t  NOCT c e l l  tempera- 
tu re  sha l l  be determined as fo l lows: 

where 

VNO = Module nominal operating voltage a t  NOCT 

OTC 
= Module current  measured a t  OTC and a t  

a voltage equal t o  (VNo + V )  vo l t s .  

I = Current temperature cor rect  ion 

= I@ (NOCT, v l )  - I @ (OTC, v = v + V)  

V = Vol tage temperature cor rect  ion 
. . 

= V @  (OTC, I = 1 1  - I - I )  - v @  (NOCT, 1 ' )  

V 1  = Voltage 0.6Vo;@NOCT 

I1 = Current O i 9  I ic @ NOCT 

Voc 
= Open c i  r cu i  t vo l  t,age 

'sc 
= Short c i r c u i t  current  

~eterminat i 'on o f  the temperature cor rect ion factors,  I and V, i n  the 
above equation sha l l  be based on actual measurements . o f  a minimum o f  f i v e  
prototype modules a t  both Optional Test Conditions and NOCT f 2' c e l l  tempera- 
ture.  he current-vol tage (I-V) .character is t ics  o f  each module sha l l  be 
measured a t  both condit'ions. The corresponding I - V  curves f o r  the two 
temperatures may then be overpayed t o  determine the cor rect ion factors.  A 
simultaneous t rans la t ion  of the curves along both current  and voltage axes 
may be made u n t i l  an accurate match o f  the curves is.accomplished a t  two 
po in ts  near the maximum power po in t .  .The OTC curve:should match the NOCT 
curve a t  a po in t  where the.NOCT current  i s  approximately.gO%of I ( I 1 ) ,  and 
a t  a second point .  where the NOCT voltage i s  approximate1;j. 60% o f  (V1). 
The current  and voltage s h i f t  requi red t o  produce the curve match %a1 1 be 
determined f o r ,  the'.exact c e l l  temperature. d i f fe rence between tests.  The 
change per degree C for  each fac tor  i s  then y l c u l a t e d  and m u l t i p l i e d  by the 



d i  f ference between NOCT and the temperalure used f o r  OTC. The resu 1 t i n g  I :and 
V s h a l l  be averaged f o r  the  modules tested' t o  es tab l  i s h  teinperature c i r ' r ec t  i o n  
fac tors  t o  be used, when t e s t i n g  modules .,at other. than, SOC. A1 te rnate  .tempera- 
tu re  c o r r e c t i o n  procedures such as, t h a t  provi,ded by computer cont ro l ' led '  
Large-Area pulsed so la r  Simulator '.(xeri@n source) may- be used. 



APPENDIX 1-B 

1. PURPOSE 

The purpose o f  t h i s  t e s t  i s  t o  acquire s u f f i c i e n t  data t o  a'llow an 
accurate determinat ion o f  the nominal operat' ing temperatures o f  the s o l a r  . 

c e l l s  o f  a t e r r e s t r i a l  so la r  a r ray  module. 

By d e f i n i t i o n ,  the o r i g i n a l .  JPL Nomlnal opera t ing  Ce l l  Temperature 
(NOCT) i s  the  module c e l l  temperature.under operat ing condi t ions i n  the Nomi- 
na 1 The rma 1 Env i ronment (NTE) whi ch i s def  i ned as : . 

. . . ..,.. 
2 

1 nso la t  ion  .= 80 mW/cm - . . . 

Wind Average Ve loc i t y  = I m/s 

Mounting = T i  I ted, Open Back, Open C i  r cu i ' t  

The NOCT t e s t  procedure i s  based on, gather ing actua l '  measured c e l l  temperature 
data v i a  thermocouples at tached d i  r e c t l y  t o .  the c e l l s  o f  in teres. t ,  f o r  a range 
o f  env i  ronmental condi t ions s imi  l a r  t o .  the NTE. The data i s  then presented 
i n  a way t h a t  al lows accurate and repeatable i n t e r p o l a t i o n  o f ' t h e  NOCT temp- 
erature.  

2. DETERMINATION OF NOCT 

The temperature o f  the so la r  c e l l  ( T ~ ~ ~ , )  i s  pr imar i  l y  a func t ion  
o f  the a i r  temperature (Tair), the average win v e l o c i t y  (V), and the t o t a l  
s o l a r  i n s o l a t i o n  (L)impingl,ng on the ac t i ve  s i de  o f  the so la r  ar ray module. 
The approach f o r  determi'ning NOCT i s  based on. the f a c t  t h a t  the temperature 
d i f fe rence  (Tcell - Tair) i s  l a rge l y  independent o f  a i r  temperature and i s  
e s s e n t i a l l y  l ~ n e a r l y  p ropor t iona l  t o . t h e  i n s o l a t i o n  leve l .  Analyses i nd i ca te  
t ha t  the 1 i n e a l  assumption i s  qu i te ,  good f o r  i n s o l a t i o n  leve ls  greater  than 
about 40 mW/cm . .The procedure. c a l l s  f o r  p l o t t i n g  (T ce 1 -T a i  ) , against the 
i n s o l a t i o n  l eve l  f o r  a per iodwhen wind condi t ions are iavora61e. The NOCT 
value i s  t h e n d e t e r m i n e d b y a d d i n g T  A. =20*C t o t h e v a l u e o f T  -T ) 
i n t e rpo la ted  . fo r  the NTE i n s o l a t i o n  7kCe1 o f  80 mw/cm2, i .e., NO&~ll - air 

Tcel  l -Ta i  r ) NTE + 20'~. 

The p l o t  o f  Tcel ,-Tai ) vs L s h a l l  be determined by conducting a 
minimum o f  two f i e l d  t es t s  i n  which the module being character ized i s  tested 
under t e r r e s t r i a l  environmental condi t ions approximating the NTE i n  accor- 
dance w i t h  the t e s t i n g  gu ide l ines which fo l low.  Each t e s t  s h a l l  cons is t  o f  
acqui r i  ng a semi continuous record o f  (Tcel -Tai r) over a one- o r  two-day 
per iod,  together  w i t h  o ther  measurements as r e q u ~  red t o  character ize the 
t e r r e s t r i a l  environment dur ing the  t e s t i n g  per iod. Acceptable data s h a l l  
cons is t  o f  measurements made when the average wind v e l o c i t y  i s  1 m/s + 0.75 
m/s and w i t h  gusts less than 4 m/s f o r  a per iod  o f  5 minutes p r i o r  t o  and up 
t o  the t ime o f  measurement. Local a i r  temperature'dur ing the t e s t  per iod  
s h a l l  be 20°c f 15'~. Using on ly  acceptable data as.so def ined, a p l o t  s h a l l  
be constructed from a s e t - o f  measurements made e i t h e r  p r i o r  t o  so la r  noon o r  
a f t e r  s o l a r  noon which defines the r l a t i o n s h i p  between Tcell -Tai ) and. the 
i n s o l a t i o n  l eve l  (L )  f o r  L 40 rnW/cm5;:. 



When (T ll-Ta. ) i s  p l o t t e d  as a func t ion  o f  L f o r  average wind ve loc-  
i t i e s  less €Ran 1 . f 5  m/s, r e s u l t s  s i m i l a r  t o  those shown i n  Figure 4-1 are 
obtained. For the data shown, the l o c a l  a i r  temperature was 15.6'~ + 4.5O~ 
and the wind speed va r ied  from ze ro  t o  less than 4 m/s w i t h  an average o f  1 
mls. Using the  p l o t  of  (T ell-T ir) vs L, the value o f  ( T ~ ~ , , - T ~ . ~ )  a t  NTE 
i s  de je rminedby i n t e r p o l a f i n g  t k a v e r a g e v a l u e o f  (T ' - I m . .  ) t o r L = 8 0  
mW/cm . Using the data i n  F igure 4-1 as an example, ( f e l l  -?I! ) a t  NTE i s  

c e l l  determined t o  be 20.Z°C. The p re l im ina ry  value o f  NOCT I S  th%r20.20~ + 200 
C = 40.2OC. 

3. AIR TEMPERATURE AND WIND. CORRECTION 

A co r rec t i on  f a c t o r  t o  the p re l im ina ry  NOCT f o r  average a i r  temper- 
a t u r e  and wind v e l o c i t y  i s  determined from Figure 4-2. Th is  value i s  added 
t o  the p re l im ina ry  NOCT and co r rec ts  the  data t o  2 0 ' ~  and 1 m/s. 

Tair - and 
V are the average temperature 'and wind v e l o c i t y  f o r  ' t h e  t e s t  per iod.  . 

- 
For the  t e s t  data shown i n  F igure 4-1 V i s  1 mls and T i r  i s  15.6' b C. From Figure 4-2, the  c o r r e c t i o n  fac to r  i s  0 C. The NOCT i s  t 6e re fo re  

40.2'~. . 

'*The two sets o'f measurements.can be combined i n t o  a s i n g l e  se t  prov ided the  
average a i . r  temperature o f  the two se ts  does not  d i f f e r '  by more than approxi -  
mately 5'~. I f  the average a i r  temperature i s  s u g n i f i c a n t l y  d i f f e r e n t ,  the 
r e s u l t i n g  e f f e c t  appears as an increase i n  the s c a t t e r  o f  the  p l o t t e d  data. 
As a r e s u l t  the  data w i l l  be more d i f f i c u l t  t o  f i t  and a less accurate r e s u l t  
i s  possib le.  



4. " TEST GEOMETRY 

T i l t  Angle. The plane o f  the  module s h a l l  be pos i t ioned so a. - 
t h a t  i t  i s  normal t o  the  sun (+5O) a t  so la r  noon. 

b. Height. The bottpm edge o f  the  module s h a l l  be 2 fee t  o r  more 
above the l o c a l  ho r i zon ta l  plane o r  ground l e v e l .  

c. Panel Confi u ra t ion .  The module s h a l l  be located i n  the i n -  
t e r i o r  o f  a 1 : 2 m ~ 1 *  4 ft.) panel. Black aluminum pane ls  o r  
o the r  modules o f  t he  sSme design s h a l l  be "sed t o  f i  1 1  i n  any remeini'ng open 
area o f  the pane4 s t ruc tu re .  :The back o f  the panel s h a l l  be exposed. 

d. Surrounding Area. There s h a l l  be no obst ruc t ions  t o  prevent - 
f u l l  i r rad iance  o f  the module beginning a minimum o f  4 hours before  sola'r  noon 
and up t o  4 hours a f t e r  s o l a r  noon. The.ground surrounding the  module s h a l l  
no t  have a h igh  s o l a r  re f lec tance and sh'al l  be f l a t  and/or s lop ing away from 
t h e  t e s t  f i x t u r e .  , Grass and various types of ground covers, b lacktop,  and 
d i r t  a re  recommended f o r  the l oca l  surrounding area. Bui ld ings  having a 
l a rge  s o l a r  r e f l e c t i v e  f i n i s h  s h a l l  no t  be present i n  the, immediate v i c i n i t y .  
~ d o d  engineer ing jwdgament s h a l l  be exerc ised t o  ensure t h a t  the  module, both 
f r o n t  'and back sides, i's rece iv ing  a minimum o f  r e f l e c t e d  s o l a r  energy from 
t h e  surrounding area. 

Wind D i rec t ion .  The wind s h a l l  no t  be predominantly from due e -  -. 
east  o r  due west; f low p a r a l l e l  t o  the plane o f  the  ar ray  i s  not  acceptable 
and can r e s u l t  i n  a lower- than-typical  opera t ing  c e l l  temperature. 

f. Module E l e c t r i c a l  - Load. Data s h a l l  be obta ined f o r  a module 
open-c i r cu i t  cond i t i on  corresponding t o  zero e l e c t r i c a l  power output.  

5. . TEST EQUIPMENT 

a. Pyranometer. The t o t a l  s o l a r  i rradiance on the  a c t i v e  s ide  o f  
the  module s h a l l  be measured by a pyranometer mounted on the plane o f  the 
module and w i . th in  0.3 m (1 foot.) o f '  the array.  The pyranomete; used s h a l l  have. 
a t raceab le  annual c a l i b r a t i o n  t o  a recognized standard instrument and s h a l l  
be e i t h e r  (1);a temperature-compensated' u n i t  which has less than 2 1% devia- 
t i o n  i n  sensi t i v i  t y  over the range -20 '~  t o  +40°c, o r  (2) a u n i t  which incor -  
pora t fs  a temperature sensor and has a sens i t i v i t y - tempera tu re  .cor rec t ion  
supp l ied  w i t h  i t s  c a l i b r a t i o n .  

b. Wind Measurement. Both the  wind d i r e c t i o n  and wind speed s h a l l  
be measured a t  the  approximate he ight  o f  the module and as near t o  the module 
as feas ib le .  

A i r  Temperature. The loca l  a i r  temperature s h a l l  be measured c -  - 
a t  the  approximate he igh t  o f  the  module. The me surement s h a l l  be made i n  the Q 
shadow of t he  module .and s h a l l  be accurate t o  f 1 C. ( ~ o t e :  An average l o c a l  
a i r  temperature i s  desi red. Thi.s i s  obta ined s a t i s f a c t o r i  l y  by increasing 
the  thermal mass o f  the, thermocouple by imbedding the thermocouple i n  a so lder  
sphere of approximately 1/4- i nch d i  arneter) . ~ h ' e  measurement must be approp- 
r i a t e l y  sh ie lded and vented. 



d. Ce l l  Temperature. The temperature o f  a t  l eas t  two represen- 
t a t i v e  i n t e r i o r  s o l a r  c e l l s  s h a l l  be measured t o ' + l O ~ .  Thermocouples s h a l l  
be 36 gauge, and s h a l l  be so f t -so ldered d i r e c t l y  t o  the back o f  the c e l l s .  

e. Substrate Surface Temperature. The e x t e r i o r  temperature o f  
the rear  o f  the s o l a r  module s h a l l  be measured t o  f l O c  beneath a representa- 
t i v e  c e l l  and when p r a c t i c a l  beneath a representa t ive  space between c e l l s .  
Thermocouples s h a l l  be 26 gauge, and s h a l l  be bonded down w i t h  57-C epoxy o r  
the equivalent .  

6 :  DATA RECORDING 

' A l l  data s h a l l  be p r i n t e d  ou t .approx imate ly  every 2 minutes. I n  
add i t i on ,  so la r  ' in . tensi ty ,  wind speed,. wind d i r e c t i o n ,  and a i r  temperature 
s h a l l  be cont inuously  recorded. 

7. CLEANING 

The a c t i v e  s ide  o f  the so la r  c e l l  module and the pyranometer bu lb  
s h a l l  be cleaned before the  s t a r t  o f  each t e s t .  D i r t  s h a l l  no t  be al lowed t o  
b u i l d  up. Cleaning w i t h  a m i l d  soap s o l u t i o n  fo l lowed by a r i n s e  w i t h  
d i s t i l l e d  water has proven t o  be e f fec t ive ' .  

8. EQU l PMENT CAL'I BRAT I ON 

A c a l i b r a t i o n  check s h a l l  be made o f  a l l  the equipment p r i o r  t o  the 
s t a r t  o f  the t e s t .  



2. REQU I REMENTS : SAFETY 

2.1 . HEALTH - AND SAFETY. The design and i n s . t a l l a t i o n  o f  the  P . V .  Module 
s h a l l  be i n  accordance wi th' appl i cable l o c a l  and na t iona l  1 y recog- 
n ized codes and standards. \-I 

2.2 FA1 L-SAFE CONTROL.. The module. s h a l l  be f a i  1-safe f o r .  operat ion un- 
der a l l  an t i c ipa ted  cond i t ions  and i n  the event.of.damage. 

2.3 FIRE SAFETY. The design.and i n s t a l l a t i o n  o f  the  P . V .  Module s h a l l  
prov ide a 1eve l .o f  f i ' re . .sa fe ty  consistent  w i t h  app l icab le  codes and 
standards . 

. . 

2.4 TOXIC AND FLAMMABLE MATERIALS. The mater ia ls  used i n  the P . V .  -- 
Module.shal1 not  expose the  i n . s t a l l e r s  o r  b u i l d i n g  occupants t o  
hazards r e l a t e d  t o  t o x l  c i t y  o r  f lammabi 1 i t y .  

2.5 E X C E S S I V E  SURFACE TEMPERATURE. The P . V .  Module s h a l l  not  create a 
hazard t o  people due t o  excessive e x t e r i o r  sur face temperatures, 
excess i-ve bei ng -def  i ned:.as 140 '~  (6o6c)' o r  above. 

,\ 

2.6 ELECTRICAL.SHOCK. The module s h a l l  be designed t o  prevent shock 
hazard dur ing  i n s t a l l a t i o n  and dur ing  normal and abnormal operat ion. 
Shock hazard-must a l so .be  minimized' i n  the  event o f  na tu ra l  o r  man- 
made d i sas te r  o r  accident.  

2.7 SAFETY OF BUILDING -- AND SITE,.. The safe opera t ion  o f  the b u i l d i n g  o r  
s i t e  s h x l  no t  be a f fec ted by the  P . V .  Module. 



2.1 SAFETY .HEALTH AND SAFETY. The design and i n -  
s t a l l a t i o n  of the P.W. ~ o d u ' l e . . + h a l l  be 
i n  accordance w i t h  app l icab le  l oca l  . . .and n a t i o n a l l y  recognized 'codes and 

. . standards. 

2.1.1 CRITER ION ELECTRICAL CODES AND STANDARDS. Elec- 
t r i c a l  mate'r ials and equipment and 
t h e i r  i n s t a l l a t i o n  s h a l l  be i n  accor- 
dance w i t h  app l icab le  l oca l  and 

. . n a t i o n a l l y  recognized e l e c t r i c  codes 
.[I] *and w i t h  ippl i cable standards of 
ANSI, NEMA, and UL. E l e c t r i c a l  com- 
ponents, w i r i n g ,  swi tch ing  and pro- 
t e c t i v e  devices , s h a l l  be approved o r  

. . .  . . . l i s t e d  by a n a t i o n a l l y  recognized 
t e s t i n g  1 abora to ry .  

EVALUAT l ON 
-? 

Review o f  drawings, speci f i cat  ions and 
t e s t i n g  t o  show compliance where 
necessary. C e r t i f i c a t i o n s  from ap- 
proved labs should be .displayed. 

EVALUATION 

COMMENTARY 

2.2 REQUIREMENT 

Sui tab le  standards are. a v a i l a b l e  f o r  
conventional equipment. Unique in -  
s t a l  l a t i o n  may requ i re  ,special  consi d- 
e ra t i on .  

SAFETY AND. HEALTH STANDARDS. The in -  
s t a l l a t i o n  o f  t he  P.V. module s h a l l  
comply w i t h  the Occupational Safety 
and Health Admini s t r a t i o n  (OSHA) 
Standards &z]. 

Review o f  drawings and speci f i cat  ions, 
inspect ion  o f  const ruc t ion  s i t e .  

OSHA standards w i l l  apply mainly t o  
the on -s i te  const ruc t ion  and i n s t a l -  
l a t i o n  procedures surrounding the 
module. However, the  manufacturer 
must be ca re fu l  i n  h i s  module design 
t o  assure t h a t  the  OSHA standards 
can be adhered t o  w i t h  h i s  p a r t i c u l a r  
modu 1 e. 

FAIL-SAFE CONTROL. The P.V. module 
s h a l l  be f a i  1-safe f o r  operat ion  un- 
der a l l  an t i c ipa ted  cond i t ions  and 
i n  the  event o f  damage t o  system 
components. 

~ *References are ind ica ted i n  brackets. 



2.2.1 'CRITERION 

EVALUATION 

COMMENTARY 

2.3 REQU l REMENT 

2.3.1 CRITERION 

EVALUATION 

2.3.2 CRITERION 

'MODULE FAILURE PREVENTION. The module 
s h a l l  be designed t o  e l i m i n a t e  the  
poss i b i  1 i ty . o f  damage t o  the system i n  
the  event o f  module f a i  l u r e .  The de- 
v ice '  s h a l l  meet the requirements o f  
one o r  more o f  the  fo l l ow ing  organi-  

! 
- za t ions :  NFPA, ASME, UL. 

Review o f  Drawings, Spec i f i ca t ions  and 
Design .~a- lcu la t ' ions .  

The excess i ve temperature and reverse 
b i a s i n g  t h a t  may occur.  un.der shading 
o r  damage are  importa,nt cons i derat ' i  ons. 
considerat ions should. be given dur ing  
module design, as w e l l  as system 
design, t o  thermal shock which may 
cause ce 1 1 damage i n the event o f  mo- 
du le  damage o r  f a i l u r e .  

FlRE SAFETY. The design and i n s t a l -  
l a t i o n  o f  the P.V. ~ o d u l e  s h a l l  pro- 
v i d e  a l e v e l  o f  fi r e  sa fe ty  cons is ten t  
w i t h  appl icab l e  codes and standards. 

FIRE CODES AND STANDARDS. Modules and 
mate r ia l s  and t h e i  r i n s t a l  l a t i o n  s h a l l  
be i n  accordance w i t h  l oca l  and 
n a t i o n a l l y  recognized codes and stan- 
dards f o r  f i re  sa fe ty .  

Review o f  drawings and s p e c i f i c a t i o n s  
f o r  conformance' w l  t h  the l oca l  and 
na t iona l  1 y recognized codes and s tan- 
dards f o r  f i r e  sa fe ty  i nc lud ing  but  
no t  1 i m i  t e d  t o  app 1 i cab l e  sect ions 'of 
NFPA 256 [3]and the  Nat ional  E l e c t r i c a l  
Code 01 . I n  cases where s u f f i c i e n t  
engineer ing in format ion  i s  not  a v a i l -  
a'ble, tes ' t ing  t o  show compl iance may 
be required.  P o t e n t i a l  heat, r a t e  of 
heat release, ease o f  i g n i t i o n ,  and 
smoke genera t i on w i 1 1 'be cons i de red 
i n as'sess i ng potent i a 1 f i re hazards. 

PENETRATIONS THROUGH FI.RE-RATED 
ASSEMBLIES. .Penetrat ions throuah " 

f i r e - r a t e d  w a l l s ,  p a r t i t i o n s ,  f l o o r s ,  
roofs, e tc . ,  s h a l l  no t  reduce the  f i r e  
res i. stance req,ui red by l oca l  codes and 
ordinances. 

EVALUATION Review of drawings and s p e c i f i c a t i o n s  
t e s t i n g  t o  show compliance i n  accor- 

I . '  



dance w i t h  NFPA 251 4 . 
COMMENTARY I t  i s  the i n t e n t  of  t h i s  c r i t e r i o n  t o  

( 1 )  prevent the passage o f  the  module 
compartments ckrough f i re - ra ted  assem- 
b l  ies  from adversely a f f e c t i n g  the 
f i r e  endurance r a t i n g  o f  the  assembly, 
causing premature co l lapse o f  s t ruc -  
t u r a l  elements, and (2) ensure t h a t  
proper techniques are employed i n  
cons t ruc t i ng  these components so t h a t  
adequate p r o t e c t i o n  can be provided. 

CRITERION FIRESTOPPING. P.V. Modules t h a t  are 
i n t e g r a l  p a r t s  o f  assemblies which 
normal ly  requ i re  f i  restopping s h a l l  be 
f i res topped on a1 1 s i des . F i  res top- 
p i n g  s h a l l  be wood b lock ing  o f  minimum 
2 ' in.  (5 c,m) nominal thickness o r  o f  
non-combustible ma te r i a l s  p rov id ing  
equ iva len t  p ro tec t i on .  

EVALUATION 

COMMENTARY 

CRITERION 

EVALUATION 

Review o f  drawings and s p e c i f i c a t i o n s .  

I t  i s  the i n t e n t  o f  t h i s  c r i t e r i o n  t o  
ensure t h a t  P.V .  Modules do not  reduce 
the e f fec t i veness  o f  f i  restopping. 
For exzmple, i n  the case where a module 
i s  an i n t e g r d  p a r t  o f  a wood framed 
w a l l  whic.h would normal ly  be f i r e -  
s topped be tween studs , f i res topp i ng 
w i l l  be requ i red  i n  the w a l l  above 
and beiow the P.V. Module. 

PROTECTION AGAINST AUTO-IGNITION OF 
COMBUSTIBLES. Combustible s o l i d s  used 
i n  P.V. modules s h a l l  no t  be exposed 
t o  e leva ted temperatures which hay 
cause i g n i t i o n .  

Review of  ca l cu la t i ons ,  drawings and 
spec i f i ca t i ons .  Tes t ing  t o  show com- 
p 1 i ance where necessary., 

COMMENTARY Exposure o f  p l a s t i c s  as w e l l  as o ther  
combust ible ma te r i a l s  over an extended 
pe r iod  o f  t ime r e s u l t  i n  the  ma te r ia l  
reaching and surpassing i t s  auto- 
i g n i t i o n  temperature. The i g n i t i o n  
temperature o f  p 1 as t i cs may be above 
o r  below those o f  c e l l u l o s i c  ma te r i a l s .  
The most common 1 y accepted i .gni  t i gn  
temperature of wood i s  392'~ (200 C) . 
However, s tud ies  have i nd i ca ted  t h a t  



2.3.5 CRITERION 

EVALUATION 

COMMENTARY 

2.3.6 CRITERION 

EVALUATION 

2.3.7 CRlTERlOM 

EVALUATION 

2.3..8 CRITERION 

EVALUATION 

COMMENTARY 

2.4 REQU I REMENT 

wood may i g n i t e  when exposed t o  a ,  
temperature of 212'~. ( 1 0 0 ~ ~ )  f o r  
prolonged periods. 

INTEGRATED CONSTRUCTION. The incor -  
po ra t i on  o f  P.V. Modules s h a l l  no t  re- 
duce the f i r e  res is tance ra t i ngs  re- 
qu i  red by MPS HUD 4 0 5 - 4 u .  

Evaluat ion of drawings and t e s t i n g  o f  
ma te r ia l s .  Compliance w i t h  ASTM E l l 9  
C6J. 

Roof-mounted P .V. Modules which are an 
i n t e g r a l  p a r t  o f  the roof  const ruc t ion  
s h a l l  no t  reduce the  f i r e  res is tance 
r a t i n g  o f  the  roo f  assembly. 

F i r e  res is tance ra t i ngs  s h a l l  be de- 
termined by ASTM E l l 9  t e s t .  Where 
E l 1 9  t e s t  r e s u l t s  are no t  a v a i l a b l e  
a  comparable t e s t  may be used. 

PENETRATIONS. Penetrat ions through 
f i re- ra ted assembl i es  s h a l l  no t  'reduce 
the Pi  re-res 1 stance r a t i n g s  as deter-  
mined by ASTM E119. . 

Review o f  drawings and s p e c i f i c a t i o n s .  I 
ROOF COVERINGS. I n s t a l l a t i o n  o f  P.V. 
Modules on o r  as an i n t e g r a l  p a r t  o f  
the roo f  shal.1 no t  reduce the  f i r e  
re tardant  c h a r a c t e r i s t i c s  o f  the  roo f  
covering. 

Review of drawings and spec i f i ca t i ons .  I 
. . FLAME SPREAD. A l l  ma te r ia l s  i n  a  P.V. 

Module s h a l l . b e  c l a s s i f i e d  and meet 
codes p e r t a i n i n g  t o  flame spread. 

Review o f  s p e c i f i c a t i o n s  and tes ts .  I 
The ASTM E84 D ' f  lame spread t e s t  
method s h a l l  be the basis f o r  the  evalu-  
a t  i on  o f  survface burning ,character- 
i ; s t i cs  of module ma te r ia l s .  

TOXIC AND FLAMMABLE MATERIALS. The 
mate r ia l s  used i n  P.,.V. Modules, s h a l l  
n o t  expose the i n s t a l l e r  o r  b u i l d i n g  
occupants t o  hazards r e l a t e d  t o  tox-  

' .  . i c i t y  o r  f lammabi l i t y .  



2.4.1 CRITERION 

EVALUATION 

COMMENTARY 

2.4.2 CRITERION 

EVALUATION 

COMMENTARY 

2.5 REQU l REMENT 

'2.5.1 CRlTERl ON 

EVALUATION 

2.6 REQUIREMENT 

2.6.1 CRITERION 

 ENER ERA TI ON OF SMOKE AND TOXIC FUMES. 
The modules; s h a l l  be desiqned t o  u t i l -  
i z e  mater ia l '  t h a t  i n  the' presence of . 

f i r e  does not  endanger the b u i l d i n g  
occupants w i t h  excessive l eve ls  o f  
smoke o r  t o x i c  gasses, i n  accordance 
w i  t h  na t i ona l  ly. recognized codes. 

Review o f  s p e c i f i c a t i o n s  and tes ts .  

Where adequate in format ion  i s  not  
ava i l ab le ,  ASTM E84 t e s t  o r  i t s  
equivalent  s h a l l  be used. 

FLAMMABLE MATERIALS. The des i gn o f  
the module s h a l l ,  w i t h  regard' t o  
f lammabi1 i . t~  o f  ma te r ia l s ,  be i n  
accordance w i t h  n a t i o n a l l y  recognized 
codes. 

Review o f  drawings and spec i f i ca t i ons .  

Where adequate in format ion  i s  no t  
ava i l ab le ,  UL 263E82or i t s . e q u i v a l e n t  
s h a l l  be used. 

E X C E S S I V E  SURFACE TEMPERATURES. P.V. 
Modules s h a l l  not  create a hazard t o  
people due t o  excessive e x t e r i o r  sur- 
face temperatures. 

PROTECTION FROM HEATED.COMPONENTS. 
Module components t h a t  are access i b l e  
o r  located' i n areas normal l y  subjected 
t o  p u b l i c  t r a f f i c  areas and which are 
maintained a t  e levated temperatures 
(tgm era tures  i n  excess o f  1 4 0 ~ ~  o r  
60 C ! s h a l l  be s u i t a b l v  i so la ted .  Any 
sur face which cannot be i s o l a t e d  s h a l l  
be i d e n t i f i e d  w i t h  appropr iate warnings. 

Review. o f  drawings and spec i f i ca t i ons .  

ELECTRICAL SHOCK HAZARD. The P.V. M d -  
u l e  s h a l l  be designed to 'p revent  
shock hazard dur ing  i n s t a l l a t i o n  and 
dur ing  normal ope'ration. I n  the event 
of emergencies, the 1 i f e  sa fe ty  
hazards which could occur as a r e s u l t  
o f  a f a i l u r e  o f  the P.V. Module s h a l l  
no t  be greater  than those imposed by 
conven'tional e l e c t r i c a l  systems. 

ELECTRICAL GROUNDING AND SAFETY. P.V. 



EVALUATION 

COMMENTARY 

2.6.2 CRITERION 

EVALUATION 

2.7 REQU I REMENT 

2.7.1 CRITERION 

EVALUAT I ON 

COMMENTARY 

fiodules s h a l l  be provided w i t h  ground- 
i ng  f o r  a1 1 exposed ex terna l  conduc- 
t i v e  surfaces not  p a r t  of the module 
c i ' rcu i  t r y  t o  mintmise e l e c t r i c a l  
hazard t o  personnel. 

Review drawings and. spec i f i ca t i ons .  
Test w i t h  su ' i table t e s t e r  t o  deter-  
mine c o n t i n u i t y .  

Su i tab le .  standards are avai l a b l e  f o r  
conventional equipment. 

INSTALLATION SAFETY. The P.V. Module 
s h a l l  be so designed t o  comply w i th ,  
a1 1 e x i s t i n g  OS'HA standards- about 
i n s t a l  l a t  ion  and maintenance protec-  
t i o n  o f  the  workers. 

Review o f  drawings and spec i f i ca t i ons .  

SAFETY.OF BUILDING AND SITE. The safe 
operat ion.  o f  the  b u i l d i n g  o r  s i t e  
s h a l l  no t  be a f fec ted  b'y the P.V. Mod7 
ule.  

LIGHTNING PROTECTION. L i g h t n i n g  pro-  
t e c t i o n  s h a l l  be provided i n  accor- 
dance w i t h  the NFPA 78 L igh tn ing  Pro- 
t e c t  i on :Code. . 01 . .  

Review o f  ca l cu la t i ons ,  drawings and 
s p e c i f i c a t i o n s .  

There i s  a poss ib i  l i t y  t h a t  P.V. ar rays,  
p a r t i c u l a r l y  array nlodules w i t h  p l a s t i c  
cove.rs, increase the e l e c t r o s t a t i c  

. p o t e n t i a l  between ground and a i r ,  and 
could induce increased 1 i gh tn ing  
hazard i n  areas o f  h igh  l i g h t n i n g  
incidence. 
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Boston, Massachusetts. 



3. REQUIREMENTS: MECHANICAL 

3.1  SIZE AND SHAPE. The P.V. Module s h a l l  be designed for optimum per- 
formance whi l e  being compatible w i t h  standard..bui l d i n g  sizes and 
shapes. 

3 .2  VIBRATION. The P.V.  Module s h a l l  be designed t o  withstand the v i -  
b r a t i o n a l  loading t h a t  may be .encountered during shipping, i n s t a l -  
l a t i o n  and..operation. 



REQU l REMENT 91ZE AND SHAPE. The P.V. Module s h a l l  
be designed f o r  optimum performance 

. w h i l e  being compati b.le w i t h  standard 
b u i l d i n g  s izes  and shapes. 

CRITERION DIMENSIONAL CBMPATABILITY. The P.V. 
.. . Module s h a l l  be designed such t h a t  i t  

. , wi 1 1  be compat ib le w i t h  bui  l d i n g  mate- 
r i a l s  and prac t ices .  

EVALUATION Review drawing and spec i f i ca t i ons .  

COMMENTARY ' Since many r e s i d e n t i a l  app l i ca t i ons  
may requi r e  modules t o  be i n  some man- 
ner  i n teg ra ted  i n t o  the bu i l d ing ,  the 
modules must be compatible w i t h  stan- 
dard b u i l d i n g  design and const ruc t ion  
p r a c t  i ces . 

3 . 2  REQU l REMENT 

EVALUATION 

COMMENTARY 

, SH IPP ING LOADS. The P.V.  Module s h a l l  
be designed t o  w i ths tand the loads t h a t  
may be encountered dur ing  shipping , 
i n s t a l l a t i o n  and operat ion. 

VIBRATION. The module s h a l l  be de- 
signed t o  w i ths tand the  v i b r a t i o n a l  
loading t h a t  may be p laced on i t  
d u r i i g  shipping, i n s t a l  l a t  ion  and 
operat ion.  

Review o f  drawings, s p e c i f i c a t i o n s  and 
tes ts .  

A1 though i t  i s  usual l y  the p r a c t i c e  o f  
manufacturing companies t o  replace 
broken o r  damaged equipment when i t  i s  
received a t  the  b u i l d i n g  s i t e ,  the P.V.  
module poses a separate problem. 
Small c e l l - t o - c e l l  e l e c t r i c a l  i n t e r - .  
connects may be damaged and not  readi l y  
detectable. I n  f a c t  the module could 
be i n  serv ice  f o r  some time before 
reverse b i  as problems m i  ght become 
obvious. A t  t h i s  p o i n t ,  the  quest ion 
of who should bear the cost o f  the 
labor requi red t o  replace the module i s  
a ser ious quest ion. Some p r o t e c t i o n  
t o  the buying p u b l i c  must be af forded.  
The manufacturer might u t  i 1 i z e  MIL-STD 
810C Method 516.2 'procedure I I , trans i t 
.drop t e s t ,  and Procedure V, bench 
handl ing t e s t  o r  i t s  equ iva lent ,  
should be performed t o  determine the 
module's a b i l i t y  t o  w i ths tand shipping 



Shocks .pnd i t s  abi 1 i t y  t o  .vi, thstand 
shocks during i'nstal la t ion.  .and mainte- 
nance, a'nd ASTM 775 t o  evaluate ship- 
ing containers'. 2 .  

. , 
. , 

, 



, . . .  
4.1 STRUCTURAL'DES~GN BASIS. The s t r u c t u r a l  deslgn of the P.V. 

module i nc lud ing  connect ions and support ing ' s t ruc tu ra l  elements 
s h a l l  ,be i n  accordance w i t h  n a t i o n a l l y  re'cognized codes and stan- 
dards, and s h a l l  be based on a n t i c i p a t e d  load dur ing  the  serv ice  
1 i fe of the system. 

4.2 FUNCTION AND OPERATION. The s t r u c t u r a l  support o f  the P.V. Module 
s h a l l  no t  impa i r  the func t i on  o r  operat ion o f  the P.V.. Modules when 
exposed t o  serv ice  loads. 

4.3 FAILURE LOADS AND. LOAD CAPACITY. The s t r u c t u r a l  elements and 
connections o f  the P.V. Module s h a l l  no t  f a i l  under u l t i m a t e  loads 
expected dur ing  the serv ice .  1 i f e  o f  the  system. 



REQUIREMENT ' . 

4.1.1 CRITERION 

STRUCTURAL D E S I G N  B A S I S .  The .s t ruc-  
t u r a l  deslgn of the P.V. Module In -  
c lud tng connect ions and support i ng  
s t r u c t u r a l  elements s h a l l  be i n  accor- 
dance w i t h  n a t i o n a l l y  recognized codes 
and standards, and s h a l l  'be based on 
an t i c ipa ted  load dur ing  the  serv ice  
1 i f e  o f  the system. 

APPLICABLE STANDARDS. The s t r u c t u r a l  
design and const ruc t ion  o f  P.V. Mod-/ 
u les  i nc lud ing  connections and s t ruc -  
t u r a l  supports s h a l l  comply w i t h  the 
f o l  lowing prov is ions .  

The elements o f  the module s h a l l  comply 
' w i t h  the prov is ions  o f  HUD-M'PS 1 f o r  

s i n g l e  and m u l t i f a m i l y  housing o r  ANSl 
~ 1 ' 1 9 .  lT[43, i n  the  case .of nlobi l e  homes. 

. . 
EVALUATION Review o f  drawings, s p e c i f i c a t i o n s  

. . and s t ruc ' tu ra l  ca l cu la t i ons .  

COMMENTARY 

4.1.2 CRITERION 

I n  a d d i t i o n  t o  complying w i t h  the de- 
s i g n  and const ruc t ion  prov is ions  o f  the 
MPS o r  ANSl A l l g .1 .  ( f o r  mobi le homes), 
conventional elements and connections 
are requ i red  t o  comply w i t h  C r i t e r i a  
4.1.2 (Service loads.). 

SERVICE LOADS. . P .V.  Module bui l d i n g  
i n te r face .  The f a l l o w i n g  loads s h a l l  
be used i n  the s t r u c t u r a l  design o f  
the P.V. Module, on l y  when the module 

. . and i t s  frame i s  consi dered an i n t e -  
g r a l  pa r t .  o f  the  roof .  These loads 
sha 1 1 a 1 so be used when. des,i gn i ng 
module supports whi.ch a t tach  t o  the 

' b u i l d i n g  i n  any way. 

1.. Dead loads (D) s h a l l .  be. t h e  "Design 
Dead Loads" s t i p u l a t e d  i n  Sect ion 
601-3 o f  the MPS, o r  Sect ion 2 o f  
ANS I A58.1123. 

2. L i ve  Loads (L) s h a l l  be a1 1 appl i- 
cable "Design L i ve  Loads" s t  ipu- . 
l a t e d  i n  Sect ion 601-4 and "Snow 
Loads" s t i p u l a t e d  i n  Sect ion  601 -5 
of the  MPS o r  Sect ion 3 6 7 o f  

. . ANSI A58.1. 
' 3. Wind loads (w) sha l l '  be "Wind Loads" 

' 
s t i p u l a t e d  i n  Sect ion 601-6 o f  the  

. , , ;  .,, . ' . MPS. I n  a l l  cases considerat ion of 
l oca l  wind cond i t ions  s h a l l  be 



EVALUATION 

COMMENTARY 

assured by compliance w i t h  Sect ion 
6.3.3 o f  ANSI  A58.1 . 

4. Earthquake o r  seismic loads (E)  
. s h a l l  be those s tpu la ted  i n  Sect ion 
, 601-9 of the MPS which references 

the prov is ions  o f  the Uniform 
Bui l d i  ng Code ( u B c ) . C ~ ~ .  Add'i t iona l  
refere'nces s h a l l  be found i n  Sect ion 
8 o f  ANSI A58.1. For non-conven- 
t i o n a l  system components and con- 
nect  ions, the  value o f  "Cp" used i n  
the UBC s h a l l  be taken as 2.0. See 
add i t i ona l  ' in fo rmat ion  i n  Appendix 
A. 

5. Constra int  loads (T) caused by the  
environment, normal func t i on ing  o f  
the system and time-dependent 
changes w i t h i n  the ma te r ia l s  o f  the  
system s h a l l  be taken as the most 
severe 1 i k e l y  t o  be encountered 

. dur ing  the serv ice  l i f e .  
'6. cons t ra in t  -loads (T) induced by 

d i f f e r e n t i a l  foundation set t lement  
s h a l l  be taken as those corres- 
ponding t o  a d i f f e r e n t i a l  founda- 

t i o n  set t lement  o f  the  magnitude 
s ta ted  under C r i t e r i o n  3.8.1. 

7. I ce  ,loads (I) stial 1 be taken as 
those produced by the accumulation 
o f  i c e  on surfaces exposed t o  the 
na tu ra l  environment. The thickness 
of i c e  s h a l l  be' determined i n  
accordance wi t h  Appendix B.  

8. Hai 1 loads (H) s h a l l  be taken as 
those produced by the impact o f  h a i l  
on surfaces exposed t o  the na tu ra l  
environment. H a i l  p a r t i c l e  s i ze  
and k i n e t i c  energy a t  impact s h a l l  
be determined i n  accordance w i t h  
Appendix C. 

Review o f  drawings, s p e c i f i c a t i o n s  
and s t r u c t u r a l  ' ca lcu la t ions .  

A l l  P.V. Modules which are mounted as 
an . in tegra l  p a r t  o f  the  roof  water- 
t i g h t  membrane and replace b u i l d i n g  
ma te r ia l s  which must meet c e r t a i n  
c r i t e r i a  as s t i p u l a t e d  under serv ice  
loads. Hohiever, i f  t h e  module i s  
mounted t o  a rack o r  s t r u c t u r e  which 
complies w i t h  a l l  b u i l d i n g  code re-  
qu i  rements and the module replaces no 
b u i l d i n g  m a t e r i a l  and i t s  use 



4.1.3 CRITERION 

EVALUATION 

COMMENTARY 

REQU I REMENT 

CRITERION 

places no r i s k  t o  the 1 i f e  and safety 
of the b u i l d i n g  occupants. i t  s h a l l  be 
exempt f rm s'ect ton but. s h a l l  be de- 

. s i g n e d  t o  comply.wi th indust ry  stan- 
dards concerning i t s  usefu l  1 i f e  and 
r e l i a b i l i t y .  I n  a d d i t i o n  t o  t h i s ,  any 
P.V. Module mounted above the roof 
s t r u c t u r e . o r  on the  ground should be 
ca re fu l l y  designed ' t o  r e s i s t  any wind 
u p l i f t .  

MAINTENANCE LOADS. A l l  components o f  
a P.V. Array must be accessib le f o r  
repai r o r  replacement. Cer ta in  pa r t s  
o f  the  module must be designed t o  
w i ths tand normal se rv i ce  'loads t h a t  
would be incur red during'  repai r .o r  
replacement. 

Review o f  drawings and s p e c i f i c a t i o n s .  

I t  would be expected t h a t  the module 
manufacturer should address t h i  s prob- 
lem t o  the degree t h a t  no t ice-shou ld  
be g iven that '  the module e i t h e r  can o r  
cannot be wal ked on o r  have any .con- 
cent ra ted l i f e  loads imposed on i t  
dur ing  maintenance o r  repai r. The a r -  
ray 'designer o r  person speci f y i  ng the 
use o f  ' the module i n  a p a r t i c u l a r  ap- 
p l i c a t i o n  should address t h i s  quest ion. 

FUNCTION AND OPERATION. The s t r u c t u r a l  
support o f  the P.V. Module s h a l l  no t  
iip'air .the func t i on  or: opera t ion  o f  the 
P.V. Modules when exposed t o  serv ice  
1 oads . 
RESISTANCE TO DAMAGE. Under the e f f e c t  
o f  de f l ec t i ons  caused by loads D,L,W 
and T as def ined i n  C r i t e r i o n  4.1.2, 
i n  a d d i t i o n  t o . t h e  an t i c ipa ted  creep 
def lec t ions ,  the module connect ion  o r  
support thereof ,  s h a l l  no t  s u f f e r  
permanent damage wh i ch wou 1 d requ i re  
replacement o r  repai r, o r  whi ch would 
impair  i t s  intended func t i on  dur ing  
i t s  serv ice  1 i fe. 

Evaluat ion o f  documentation o f  data 
f o r  design, t es ts ,  i n s t a l l a t i o n .  Eval- 
uat  ion  'and/or t e s t  i.ng o f  components 
*and elements where 'deemed essen t ia l .  
Determinat ion.of compl iance'wi th 



COMMENTARY 

REQU l REMENT 

CRITERION 

EVALUAT t ON 

COMMENTARY 

- . ' general l y  accepted standards and en- 
. ] "  gineeri 'ng and t rade p rac t i ces ,  where . < 

. appl i.cab l e .  

The c r i t e r i o n  5s deemed s a t i s f a c t o r y  i f  
i t  can be demonstrated t h a t  d e f l e c t i o n s  
caused by the  s p e c i f i e d  loads can be 
accommodated by s u i t a b l e  d e t a i l s  o r  
adequate f l e x i b i l i t y .  

, The i n t e n t  of  t h i s  c r i t e r i o n  i s  t o  
prov ide f o r  the proper f unc t i on ing  'of 
the module under serv ice  loading con- 
d i t i o n s  w i thou t  breakdown o r  permanent 
i mpa i rmen t beyond 1 eve 1 s compa rab 1 e t o  
convent ional r o o f i n g  systems. 

FAILURE LOADS AND LOAD CAPACITY. The 
s t r u c t u r a l  elements and. connections 
o f  the  P.V. Module s h a l l  no t  f a i l  

: under u l t i m a t e  loads expected du r ing  
the  se rv i ce  l i f e  o f  the  system. 

. ULTIMATE LOAD COMBINATIONS. Non-con- 
vent iona l  elements and connections 
s h a l l  compJy w i t h  t h i s  c r i t e r i o n .  
( ~ o n v e n  t i onal elements and connections 
are deemed t o  s a t i s f y  t h i s  c r i t e r i o n . )  - 
S t r u c t u r a l  components, connections and 
support ing elements s h a l l  be designed 
f o r  the  ' fo l low ing u l t ima. te load com- 
b i n a t  ions: 

Where the  m u l t i p l i e r s  are load fact-ors 
and the  l e t t e r s  are the se rv i ce  loads 
def ined i n  C r i t e r i o n  4.1.2. 

Review o f  s t r u c t u r a l  ca l cu la t i ons ,  
s p e c i f i c a t i o n s  and drawings. 

The i n t e n t  o f  the  c r i t e r i o n  i s  t o  pro- 
v i d e  a minimum leve l  of  sa fe t y  aga ins t  
load ing  s i t u a t i o n s  which have a s u i t -  
ab l y  low p r o b a b i l i t y  of occurrence 
du r ing  the  se rv i ce  l i f e .  The load 
fac tors  represent present-day design 



. p rac t i ce  f o r  r e s i d e n t i a l  b u i l d i n g  
s t ruc tu res  and are  s.i.mi;lar t o  t'he load 
factors. used Sri Bui 1 d i'rig Code ' Requi re -  
men ts ' f o r  ReTnforced.Concrete, ACI 
318-71 [ 5 ] ,  Ameri'can Concrete I n s t  l t u t e ,  
D e t r o i t ,  Michigan (1971.). These 
fac to rs  w i  1 1 'produce u l  t imate loads 
comparable t o  those present ly  used i n  
the design o f  s tee l  s t ruc tures .  Adop- 
t i o n  o f  s i m i l a r  l eve ls  o f  performance 
requirements . f o r  the P.V. systems w i l l  

. 

a l so  permi t  the designer t o  explore 
the potent  i a.1 . use b'f sys tem components 
as s t r u c t u r a l  elements f o r  purposes o f  
p rov id ing  enclosure o r  diaphragm 
r i g i  d i  t'y t o  the  supporti.ng s t r u c t u r e  
i n  a d d i t i o n  t o  thei . r  e l e c t r i c a l  

' f unc t i on .  . . 



S E I S M I C  LOADS 

Genera 1 --,"-- 

Seismic design requirements f o r  the  nlechanical and e l e c t r i c a l  components o f  
so la r  energy systems are covered i n .  t h i s  sect ion.  A r c h i t e c t u r a l  and s t ruc -  
t u r a l  components s h a l l  .be. designed in' accordance w i t h  MPS Sect ion 601-9. The 
requirements o f  t h i s  sec t i on  sha l l .  apply t o  the  e rec t i on ,  i n s t a l l a t i o n ,  r e l o -  
ca t ion ,  o r  replacement of, o r  addi t ion. . to.any.  mechanical o r  e l e c t r i c a l  compo- 
nent of a s o l a r  system. .If elements of. the s o l a r  energy system are attached 
t o  any e x i s t i n g  . s t r u c t u r a l  element, o r  ; i . f- ' ,parts.of any e x i s t i n g  s t r u c t u r a l  
element are modi f ied  o r  replaced.wi th .par,ts d i f f e r e n t  i n  s i z e  and weight,  the. 
element, as we1 1 as i t s  connect ions. t o .  the  bu i  1 ding s h a l l  be redesi gned t o  
comply w i t h  the seismic des,i gn requi Fements o f  Sect ion  601-9 o f  the MPS. 

Mechanical and E l e c t r i c a l  Components 

For those bui  ld ings  requi  red t o  be designed f o r  earthquake by Sect ion 601-9 
o f  the MPS, mechanical and e l e c t r i c a l  components o f  s o l a r  energy systems s h a l l  
r e s i s t  seismic forces as s p e c i f i e d  f o r  pa r t s  and po r t i ons  o f  'bu i ld ings  i n  the  
l a t e s t  e d i t i o n  o f  the I 'Uniform Bui ldi .ng Code" (uBc)'. The value o f  C used 
i n  the UBC t o  es tab l  i s h  the  seismic force s h a l l  be taken.  from Table 1 .  P 

The design o f  a l l  connections between the  mechanical o r  e l e c t r i c a l  components 
and the s t r u c t u r a l  frame s h a l l  a l l ow  f o r  an t i c ipa ted  movements o f  the  s t ruc tu re .  
The d e t a i l s  o f  the  c ~ n n e c t i o n s  s h a l l  be made a p a r t  o f  the  cont rac t  documents. 

COMMENTARY: Mechanical o r  e l e c t r i c a l  components o f  a s o l a r  system are 
subjected t o  seismic forces generated by t h e i  r mass and may 
a l s o  be inf luenced by i n t e r a c t i o n  w i t h  elements o f  the s t ruc -  
t u r a l  system, 

(1 )  The "Uniform Bui l d i n g  Code" i s  pub1 is,hed by the I n t e r n a t i o n a l  Conference 
o f  B u i l d i n g  o f f i c i a l s ,  W h i t t i e r ,  Ca l i f o rn ia .  



APPEND l X 4-A ( ~ o n t  . ) 
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TABLE 1 

- 
P a r t  of Syatem Direc t ion  of Value of C L/ 

Force P g/ 

Storage tanks ,  p r e s s u r e  v e s s e l s ,  0.12 when r e s t i n g  on 
bo i  lers , furnaces , abso rp t ion  ground 
a i r  condi t ioners ,  o t h e r  e q u i p m n t  an9 0.20 when connected 
us ing  combustible o r  h igh  tempera- , d i r e c t i o n  t o ,  o r  housed, else- 
t u r e  energy sources ,  e l e c t r i c a l  where i n  t h e  bui ld ing .  
motors and motor c o n t r o l  devices ,  
h e a t  exchangere 

P l a t  p l a t e  and concent ra t ing  any 0.20 
s o l a r  c o l l e c t o r s  d i r e c t i o n  

Transfer  l i q u i d  pipee l a r g e r  any 0.12 
than  2 1 /2  i n .  d iameter  ho r i zon ta l  

d i r e c t i o n  

1/ - 
For f l e x i b l e  and f l e x i b l y  mounted equipment and machinery, appro- 
p r i a t e  va lues  of Cp s h a l l  be  determined by a proper ly  documnted  
d y n d c  a n a l y s i s ,  o r  by dynamic t e s t i n g ,  using appropr i a t e  exc i t a -  
t i o n  s p e c t r a  approved by HUD. Considerat ion s h a l l  be g iven  t o  both 
the  dynamic p r o p e r t i e s  of t h e  equipment and mechinery and t o  t h e  
bui ld ing  o r  s t r u c t u r e  i n  which i t .  is placed. 

2/ %EN LT IN ME WPER PO ION OF AFN BUILDIFX; \WERE THE HdD 
!%Ir0 IS 

: OR GREATER THE & VALUE SHALL BE INCREASED BY 
I ~ E R E  HN = HEIM IN FT, OF THE PART'OF ME SYSTEM PBWE 

WE BASE LNEL OF ME BUILDING 

D = THE DIFEFGION OF ME S'IRUCTURE IN FEET IN A 
DIRECTION PARALLEL .TO THE APPLIED FORCE 



APPENDIX 4-B 

I C E  LOADS 

(a) Ab6Ve-gfound 1nstal lat tons 07 conventionaf elements for  which ul t imate 
design provisions apply, and all. non-conventional elements, including 
connections and s t ruc tu ra l  supports thereof, sha l l  canply w i th  Cr i ter ion 
4.3.1 f o r  load combinations (1) and (4) i n  which l i v e  load (L) sha l l  be 
taken as that  produced by the accumulation o f  ice on a l l  surfaces exposed 
t o  the natural element. 

(b) Above-ground i nsta l  ia t ions  o f  conventional elements f o r  which working 
stress design provlsions apply, including connections and s t ructura l  
supports thereof, sha l l  comply w i t h  the fol lowing modlf icatfon: load 
factors i n  load combinations (1) and (4) o f  Cr i te r ion  4.3.1 sha l l  be 
taken as 1.0. 

The rad ia l  thickness o f  ice around the circumference o f  exposed wires, pipes, 
and s t ruc tu ra l  members sha l l  be based on the annual frequency o f  occurrence 
o f  glaze sham i n  Figure 1 (see r e f e r e n e n  and sha l l  be cmputed 
as follows: 

Mean annual number o f  under 1 1-4 4-8 Over 8 
days w i t h  glaze 

Thickness o f  i ce  0 1 /2 1 /4 1 .O 
(inches) 

COMMWTARY The in ten t  of t h i s  c r i t e r i o n  i s  t o  account f o r  the e f f e c t  o f  
Ice loads pr imar i l y  on wlres, pipes, and other s im i l a r  capo- 
nents which are exposed t o  the natural  environment, i n  recog- 
n i t i o n  o f  the fact that  ice storms have been pa r t i cu la r l y  
detrimental t o  such components i n  Lke part. 

The map o f  Figure 1 w i th  documented information o f  the ac- 
cumulation o f  ice recordetl 'for major i ce  storms r63 and ice  
loads considered i n  the deslgn o f  steel  transmission pole 
structures [73 have been u t i l i z e d  t o  re la te  thickness o f  i ce  
t o  frequency o f  occurrence o f  such storms. This assumption i s  
made i n  view o f  a lack o f  s t a t i s t i c a l  data on accumulation o f  
ice and should resu l t  i n  a generally conservative pract ice 
even though i t  i s  recognized that  thickness o f  i ce  cannot be 
so le ly  expressed i n  terms o f  rate o f  occurrence. 
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FIGURE 1 
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APPENDIX 4-C 

HA1 L LOADS 

The cover plates o f  solar modules shal l  be protected against o r  res i s t  the 
perpendicular impact o f  a s ingle hailstone of the magnitude stipulated below 
f a l l i n g  a t  i t s  terminal veloci ty.  

Hai l  Size: 0 = 0.3d 

i n  which D , ,  . - = hai lstone diameter. inches 
d . , f ,  = mean annual number o f  days w l t h  hai  1 taken f~- 

Figure 1. !;-$- ?. - - 
&- , 

Terminal ve loc i t ies  f o r  various h a i l  sizes ere given i n  Table 1. Compliance 
w i th  t h i s  previs ion sha l l  be based on documented past h a i l  loading performance 
o r  test ing using the procedures described i n  NBS But ld ing  Science Series BSS 
23 (3) o r  equivalent. 

Commentary: The corre la t ion o f  h a i l  s ize w i th  mean annual number o f  days w i t h  
h a i l  was determined using data re la t i ng  the p robab i l i t y  o f  occurrerce of h a i l  
p a r t i c l e  s ize  to the number o f  days w i th  hai  1 (tabulated i n  Ref. (411, and 
l i m i  ted s t a t i s t i c a l  information re la t i ng  the local  area covered by a hailstorm, 
and the regional area for  which s t a t i s t i c a l  data are compiled. The hai.1 s ize  
indlcated has a 5 percent p robab i l i t y  o f  being exceeded i n  any one year 
(estimated 20 year recurrence in terva l ) .  The hai  1 requirements i n  t h i s  sec- 
t i o n  are based on avai lable information which does not contain physlcal t es t  
data. Therefore, local  hai lstone loading performance should be considered 
i n  implementing the requirements of t h i s  section. 

The impact from the ve r t l ca l  terminal ve loc i ty  i s  used as a measure o f  the 
effect of h a i l  f a l l i n g  w i th  o r  without hor izontal  wlnd6 It i a  possible that  
a larger impact could occur on surfaces sloped from 30 t o  60 i f  the maxi- 
mum p a r t i c l e  diameter occurred simultaneously w i t h  high hor izontal  wind velo- 
c i t y  perpendicular to the surface. It may be over ly conservatDve f o r  
pa r t i c l es  over 1.5" impacting on near ve r t i ca l  surfaces. However, due t o  the 
lack of information on t h i s  phenomenon and the tow probab i l i t y  o f  i t s  occur- 
rence, i t  i s  assumed tha t  the terminal ve loc i ty  gives the best measure o f  
impact force consistent w i th  the present state-of-the-art. 

The loadings speci f ied i n  t h i s  section used to determine module s t ructura l  
performance compare closely w l th  the loads used f o r  the design o f  conventional 
asphalt shingles and b u i l t  up roofing. These loads are those which are 
expected w i th in  the mid-continent h a i l  be l t .  

(1) Baldwin, J.L., "Climates o f  the United States", U.S. Oept. of Commerce, 
Washington, O.C. (1973). 

(2) Mathey, R.C., "Hail Resistance Tests o f  Aluminum Skin Honeycomb Panels 
f o r  the Relocatable Lewis Building, Phase I I", NBS Report 10193, National 
Bureau o f  Standards, Washington, D.C. (1970). 

(3) Greenfield, H., "Hai 1 Resistance o f  Roofing Productsi1, Bui ld ing Science 
Foundation Series 23, National Bureau o f  Standards, Wash. D.C.(Aug.I69). 

(4) "Storm DataBi, U.S. Oept. o f  Commerce, Natlonal Oceanic end Ahnospheric 
Administration, Environmental Data Servlce (monthly pertodical) .  
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FIGURE I 



Val~ies of weight, terminal ve loc i ty ,  r-esultant ve loc i ty  
and kinetic  energy computed for smooth i c e  spheres. 

11 First value corresponds t o  the terminal ve loc i ty  and the second - 
value corresponds to  the resultant ve loc i ty .  

. . Terminal Resultant Kinetic 
1 I diameter Weight Velocity Velocity Energy - 

in  p m . .  lb f t / s ec  f t l e e c  f t - l b .  

112 

3 14 

0.002 

0.007 

0 .98 

3.30 

5 1 

62 

8 3  

9  1 

0.09 

0 .44  

0.24 

0.94 



ULTCMATE LOAD DETERM l N ~ I  ON 
... . 

Source M a t e r i a l :  ANSI 58i.1 1972. : , . 

NBS I ,R 76- 1 187 
. , 

Paragraph 3.1.2 o f  chapter  3 o f  NBSI  states the  f o l  l ow ing  f o r  de te rm ina t i on  
' o f  u l t i m a t e ' l o a d i n g :  . . 

. . 

U l t . L o a d  = a l D  + a (a  L + a  Q +  a4T) 
2 3 3 

Where Q = Mind (w) o r  Earthquake ,(E) 
a = 1 ..3 i f p a r t s  a l d n g  o r  .adds t o  o t h e r  l o a d s  . . 

, 0.9 i f  i t  coun te rac t s  o t h e r  loads 
a = 1.0' i f  one o f  L, Q o r  T i s  a c t i n g  

. 0.75 i f  t w o a r e a c t i n g  
0.6 i f  a l l  t h r e e  a c t  

a 3 
= 1.7 ' i f .  1oad.present 

~ x a m ~ l e  C a l c u l a t i o n :  a 4 . =  1.3 

Dead toad. C h a r a c t e r i s t i c s :  

I Type - F-41 So la r  C e l l  w/Tedlar '  F i  l m  over  Aluminum Substrat.e 

So la r  C e l l  w/Tedlar F i l m  1.7 lbs. /sq. ft; 
Aluminum Subs t ra te  1 .O 

2.7 lbs. /sq. f t .  

F-42 So la r  C e l l  w/0.12" Tempered. Glass over  Aluminum Subs t ra te  

So la r  C e l l  1.6 lbs. /sq. .ft. 
0.12" Temp. Glass 1.7 
Aluminum Subs t ra te  1 .O 

, 4.3 ' lbs./sq. f t . 

Use Avg. 3.5 lbs. /sq. f t .  f o r  D.L. 

I L i v e  Loading: 
-.= 

Wind (50 yr.. Storm 'occurrence) . . 110 MPH - Less than 
( ~ x p o s u r e  B Suburban/Rural Areas) 50'  i n  h e i g h t  

29 lbs./sq. f t .  - 
Snow (50. y r .  Storm Occurrence) 

A l l ow  f o r  95% o f  Country Occurrence - 50 lbs./sq. f t .  
( A l l  o f  USA b u t  Nor thern  H a l f  o f  ~ a i n e )  

Earthquake (Zone 3) 0.201 Weight ' o f  Panel 

Cons t ra i n t  l oad ing  w i l l  n o t  be cons idered a t  t h i s  p o i n t  due t o  t h e  exten-  
s'i ve a n a l y s i s  requ i  r e d  t o  determin'e f o r ces  a c t i n g .  

\ 



. : .  . 
U l t i m a t e  Loading P o s s i b i l i . t i e s :  . . 

. . 
1) DL + LL (snow Only) U=1.3D + '1 (1.7s + 0 + 0) = (1.3) (3.5) + (1.7) (50) 

= 89.55 lbs . /sq . f t .  ( ~ l t .  ~ d . )  

: 53.5 lbs . /sq . f t .  (work ing Ld.) 

2 )  DL + LL (Wind Only) U=1.3D + l ( 1 . 7 ~ )  = (1.3)(3.5) + (1..7)(29) 

. ,. 
32;s 1 bs../sq. f t .  (work ing Ld.) - 

(19,1bs./sq:. f t . ) . ,  
3) DL + LL (Wind ( N d r t h e r n ) ~ ~  MPH) + Snow) , . 

92.45 lbs . /sq . f t .  ( U l t .  Ld.) 
72.5 l bs . / sq . f t .  

(work ing Ld. ) 

4) DL + LL (wind + Earthquake) 

U = 4.55 + (.I .7)  (0.201) (3.5) 
- - 1.2 5.75 lbs . /sq . f t .  ( ~ l t .  Ld.) - 

4.2 lbs . /sq . f t .  (work ing ~ d . )  - 

Cond i t i  on 3 Governs 

Max. U l t i m a t e  Loading w i l l  occur  between 89.55 and 92.,45 1bs.Lsq. f t .  



J . HUD Minimum Property Standards, One and Two Farni l y  Dwell i ngs . 
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Hous i ng and Urban .Deve 1 opmen t , wash 1,ng ton, D. C . (1 973) . 
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and Other 'Structures,  ANSl A58.1-1972, American Nat ional  Standards 
I n s t i t u t e ,  New York, N.Y. (1972). 

3. ~ n ' i f o r m  Bu i l d ing  Code,. I n te rna t iona l  Conference o f  Bu i l d ing  O f f i c i a l s ,  
Whi t t i e r . ,  ~ a l  i f o r n i a .  -(1973). 

4. Standard f o r  Mobile Homes. ANSl  A319.3-1974, American Nat ional  
Standards I n s t i t u t e ,  New York, New York (1974). . 

5. ' Bui ldi 'ng Code Requi rements f o r  Reinforced Concrete, AC1318-71; American 
C o n c r e t e ' l n s t i t u t e ,  Detroi t . , .Michigan (1973). 
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6. ~ a j d w i n ,  J.L., Climates o f  t he  ~ n i  ted  S ta tes ,  U.S. Department of 
commerce,' Washington, D.C. (1973). 

7. "Design of Steel  Transmission Pole 'Structures."  Task Committee on 
Steel  Transmission Poles o f  .the 'cornmi t t e e  on Analysis and Design of 
Structures,' Journal%.of  t he  S t ruc tu ra l  ~ i v i s i o n ,  American soc ie fy  o f  
C i v i l  Engineers,.New York, N.Y. (November 1974). 



5.  REQU I REMENTS: ELECTRl  CAL 

5 . 1  SYSTEM DESIGN COND.ITIONS. The.P.V. Module shall be capable of 
functioning at i t s  design output. 



REQUIREMENTS '.~YSTEM DESIGN CONDIT!ONS.  he P . V .  
module s h a l l  be..capable of func t ion ing 

. . . : . a t  I t . s .  destgn output.  
' .  

5 .1 .1  .CRITERIBM ."ELECTRICAL TRANSPORT. Design of t he  
. . I ,  e lec t r ica .1  . elements .of t h e  module s h a l l  

- ,  .. b e ,  in. accordance with, app.1. i cab le  re- 
commendations .of UL; . i n . s ta l l a t i on  
s h a l l  .'cbnply. w i t h .  NFPA standards. 

EVALUAT l ON . . Review o f  drawings and spec i f i ca t i ons .  

5.1.2 CRITERION ELECTRICAL COMPATABILITY. The ex terna l  
e l e c t r i c a l  i n t e r f a c e  componentp o f  the  
P.V. Modu.le..shall be des i gned t o  be 
compatible from module to.module i n  
order  t o  f a c i l i t a t e  i n te rchangeab i l i t y .  

EVALUATION - Review o f  drawings and spec i f i ca t i ons .  

5.2 REQU I REMENTS . 

5.2.1 CRITERION 

EVALUATION 

COMMENTARY 

ELECTRICAL CODES. P . V. Modules s ha 1 1 
be designed t o  meet a l l  app l i cab le  
codes 'and standards. 

ELECTRICAL CODES AND STANDARDS. P.V. 
Modules s h a l l  comply w i t h  the Nat ional  

- E l e c t r i c a l  Code and w i t h  app l icab le  
standards o f  ANSI, NEMA and UL and 
s h a l l  be labeled and l i s t e d  as 
app l icab le  and tes ted by a q u a l i f i e d  
independent 1 aboratory. 

Review o f  drawings and s p e c i f i c a t i o n s  
as w e l l  as test ' ing by a q u a l i f i e d  
1 aboratory . 
The i n t e n t  o f  t h i s  c r i t e r i o n  i s  t o  
assure f o r  the  proper t e s t i n g  o f  a l l  
P.V. module conf igura t ions  by an i n -  
dependent t e s t i n g  lab. 



6. REQUIREMENTS: DURABILITY/RELIABILITY 

6 . 1  EFFECTS OF EXTERNAL:ENVIRONMENT: The P.V. module. s h a l l  no t  be ' 

a f f e c t e d  by ex terna l  envtronmental f a c t o r s  t o  an ex tent  . tha t  w i l l  
s i g n i f i c a n t 1 y i m p a i . r  i t s  . func t ion  dur ing  i t s .  design l i f e .  

6.2 TEMPERATURE. The module s h a l l  be capable of performing i t s  intended 
func t i on  dur ing  i t s  design 1 i f e  when exposed t o .  temperatures t h a t  
can develop dur ing  operat ion. 



6.1 REQU l REMENTS 

6.1.1 CRITERION 

EVALUATION 

COMMENTARY 

EFFECTS OF EXTERNAL ENVIRONMENT. The 
P.V. Module s h a l l .  no t  be affected by 
ex terna l  envt ronmental fac tors  t o  an 
ex tent  tha t .w i ' l1  s l g n l f l c a n t l y  impair  
i t s  func t ion  durin'g i t s  destgn l i f e .  

'SOLAR DEGRADATION. Components o r  mate- 
.r ial .s of P.V. Modules s h a l l  .not be 
adversely a f fec ted by i n-serv i  ce expo- 
sure t o  s u n l i g h t  t o  an ex tent  t h a t  
w t l l  s ign i f : i cant ly  impair t h e t r  func- 
t l o n  du-ring t h e i r  des,ign l i f e .  

a. When P.V. Modules o r  mater ia ls  o f  
P.V. Modules are exposed t o  UV rad ia-  
t i o n  w i t h  o r  w i thout  an i n t e r m i t t e n t  
water spray and a t  t h e i r  maximum ser- 
v i c e  temperature, there s h a l l  be no 
signs o f  excessive d e t e r i o r a t i o n  such 
as cracking, craz ing,  embr i t t lement ,  
e tch ing,  ' loss i n  f l e x u r a l  s t rength,  
o r  an'y o the r  changes t h a t  would s i g n i -  
f i c o n t l y  a f f e c t  ' the performanck of the 
components f n the  system. 

b. P.V. modules s h a l l  be capable o f  
p rov id ing  i t s  ra ted output  a f t e r  expo- 
sure t o  l eve ls  and i n t e n s i t i e s  o f  s o l a r  
r a d i a t i o n  and temperatures, equ iva lent  
t o  those expected i n  ac tua l  use over 
the 1 i f e  o f  the  module. 

Documentation o f  s a t i s f a c t o r y  long- 
term performance under i n-use condi - 
t ions o r  eng'i nee r i ng ana l ys i s . Where 
e x i s t i n g  informati 'on i s  unavai l a b l e  o r  
inadequate, t e s t i n g  using e i t h e r  the  
met hod0 1 ogy out  1 i'ned i n' Append i x 6 -A 
given at' the end o f  t h i s  chapter o r  
o ther  methods which can be shown t o  
meet the  i n t e n t  o f  the c r i t e r i o n .  

The transmittance, emittance and ab- 
sorptance data required t o  est imate the 
e f f e c t s  o f  degradation by s o l a r  
r a d i a t i o n  in '  reducing P.V.  Module 
e f f i c i e n c y  are avai ' lab le f o r  most 
materials c u r r e n t l y . b e i n g  used i n  
modu 1 es . 
MOISTURE. Components o r  mater i  a l s  o f  
P.V. Modules s h a l l  no t  be adversely 

. affected by exposure t o  moisture i n  
se rv i ce  t o  an ex tent  t h a t  w i l l  s i g n i -  



EVALUATION 

COMMENTARY 

6.1.3 ' . CRITERION 

f l c a n t l y  Prnpair the func t ion  of the 
' 

module. durTng 5 t s  des,ign 1 i fe. 

Documentation of satisfactory long- 
te lm performance under in-use condi- 
t i ons  o r  engineering analys is .  Where 
adequate e.>tisting ' in format ion 5s un- 
avai 1 able , methods wh.i ch can be shown . 

t o  meet the i n t e n t  o f  the  c rS te r ion  
w i l l  be used. 

Moisture can e x h i b i t  i t s e l f  i n  several 
forms, e.g., r a i n f a l l ,  me l t i ng  snow and 
ice ,  o r  condensation. The i n t e n t  of 
t h i s  c r i t e r i o n  i s  t o  ensure adequate. 
performance o f  the module, components, 
o r  ma te r ia l s  t h a t  are expected t o  be 
exposed t o  moisture i n  serv ice .  Such 
components would not  usua l l y  be 
expected t o  meet the i n t e n t  o f  t h i s  
c r i t e r i o n  i f  moisture exposure could 
not  occur, e.g., i n  P . V .  modules t h a t  
are he rmet i ca l l y  sealed. I f  P . V .  
Modules are not  hermet ical  l y  sealed, 
the l i k e l i h o o d  o f  moisture reaching 
and adversely e f f e c t i n g  c e l l s  may be 
q u i t e  h igh  depending upon the c o n f i w -  
r a t i o n  used f o r  module const ruc t ion .  
The need f o r  and ex tent  t o  which a 
moisture b a r r i e r  i s  es tab l ished i s  a 
design problem. The b a r r i e r  should 
be designed t o  minimize moisture a t tack  
when economically feas ib le .  

; One add i t i ona l  p o t e n t i a l  problem w i t h  
P. 'V.  Modules which are  not  he rmet i ca l l y  
sealed i s  t h a t ,  i n  i n d u s t r i a l  atmos-, 
pheres the i n t r o d u c t i o n  o f  d i l u t a n t s  
i n  condensate s o l u t i o n  may cause physl 
ca l  changes i n  the  encapsulant. 
mater ia ls  over a pe r iod  o f  t ime. Such 
changes can permanently reduce the 
transmittance. When'tt i is poss ib le  
cond i t i on  e x i s t s ,  design considerat ions 
must be g iven t o  avoid the  problem. 

AIRBORNE POLLUTANTS. Components t h a t  
a re  exposed t o  a i  rborne pol  1 u tan ts  
such as ozone, s a l t  spray, SO2, NOx, 
o r  HCI w i t h  o r  w i thout  the presence o f  
moisture s h a l l  no t  be adversely 
a f fec ted by these f a c t o r s  t o  the . 

ex tent  t h a t  w T l l  s i g n i f i c a n t l y  impair  
t h e i r  func t ion  dur ing t h e i r  design l i f e .  



EVALUATION ' Documentation o f  sa t i s fac to ry .  long-' 
term performance under in-use con- 
d i t i o n s  o r  engineer ing ana lys is .  
Where adequate e x i s t i n g .  informat ion i s  
unavai l ab le ,  t e s t i n g  using e i t h e r  the  
methodology o u t l i n e d  i n  Appendix 6-8 
given a t  t he  end o f  t h i s  chapter o r  
o the r  methods which can be shown t o  
meet the  i n t e n t  o f  the c r i t e r i o n  w i l l  
be used. 

The maximum p o l l u t a n t  l eve ls  i n  the 
areas where the system w i l l  be i n s t a l -  
led'sha' l  l be used . t o  determine the p o l -  
l u t a n t  l eve ls  required f o r  t e s t i n g .  I f 
components are t o  be used i,n areas 
where they a.re not  exposed t o  any o r  
a1 1 o f  these p o l l u t a n t s ,  t e s t s  t h a t  
are not  app l icab le  need not  be con- 
ducted. 

COMMENTARY 

6.1.4 CRITERION 

EVALUATION . . 

COMMENTARY 

ozone concentrat ions i n  normal' d ry  a i  r 
have been reported t o  range from 1-5 , 

pphm volume. However, concentrat ions 
o f  100 pphm/vol ume i s known .to'-degrade 
some organic mater ia ls  bu t  i t  has 
l i t t l e  e f f e c t  on inorganic ma te r ia l s  
o ther  than metals. 

The e f f e c t s  o f  s o l a r  r a d i a t i o n  i n  com- 
b i n a t i o n  w i t h  a i rborne po l l u tan ts .  may 
a l s o  be an important considerat ion.  

DIRT RETENTION ON COVER PLATE SURFACE. 
The module cover p l a t e  s u r f a c e , s h a l l  
not c o l l e c t  and r e t a i n  d i r t  t o  an ex- 
t e n t  t h a t  would. s i g n i f i c a n t l y  impair  : 

the func t i on  o f  the P.V. Module dur ing 
i t s  design l i f e .  

Engineering ana lys is ,  documentation o r  
s a t i s f a c t o r y  long-term performance ' 

under in-use cond i t ions  and, review of 
plans and , spec i f i ca t i ons .  

D i r t  r e t e n t i o n  may be a f a c t o r ,  i n  a 
reduct ion  o f  so la r  t ransmit tance.  
However, data i s  inconclus ive a t  
present.  Despite the f a c t  t h a t  d i r t  
r e t e n t i o n  may be beyond the  con t ro l  of 
cont rac tors  o r  manufacturers, the  
owner o f  the system should be advised, 
i f  ' d i r t  i s  a p o t e n t i a l  problem, and a 
means t o  overcome o r  reduce the  prob- 



lem. If module cleantng is. necessary, 
the manufacturer sho.uld supply the  
proper c leaning p lan  and c leaning 

. .. so lu t ion .  The r e t e n t i o n  of d i r t  may 
be affected by th.e t i l t  angle o f  the 

. module. R a i n f a l l  and snow me1 t are 
genera l ly  s u f f i c i e n t  t o  keep module 
cover p la tes  clean. I n  areas o f  low 

. ' r a i n f a l l  o r  because o f  the  nature  o f  
. . the cover p l a t e  surface, pe r iod i c  

washing may be requi red t o  remove d i  r t .  

:6. '1 - 5  CRITERION 

EVALUATION - 

COMMENTARY 

6.1.6 . CRITERION 

EVALUAT I ON 

COMMENTARY 

ABRASIVE WEAR. The a b i l i t y  o f  the  
module t o  func t ion  a t  i t s  ra ted capa- 
c i t y  s h a l l  no t  be s i g n i f i c a n t l y  
impaired by the abrasive wear t o  which 
i t s  sur face w i l l  be subjected dur ing  
i t s  design l i f e .  

Engineering analys is ,  documentation o f  
s 'at i  s fact 'ory long-term performance 
under in-use cond i t ions ,  and review of 
sur face hardness spec i f i ca t i ons  f o r  
cover p l a t e  mater ia ls .  

Test methods which are c u r r e n t l y  
. , avai l a b l e  f o r  measuring abrasion res is-  

tance are be l ieved t o  be too  s t r i n g e n t  
f o r  t e s t i n g  organic.  c o l  l e c t o r  cover 
p la tes .    bras i v e  wear i s  expected t o  
present a poss ib le  problem i n  areas 
sub jec t  t o  wind d r i ven  sand. Also, 

, . abrasive wear o f  cover p la tes  r e s u l t i n g  
from per iod i c  c leaning o r  scrubbing 

. . may have a s i g n i f i c a n t  e f f e c t  on the 
a b i l i t y  of t'he cover p la tes  t o  t ransmi t  
sun l i gh t .  

FLUTTERING BY WIND.  Modules a n d ' t h e i r  
components t h a t  are subject  t o  f l u t -  
t e r i n g  by wind s h a l l  no t  degrade under 
in-use cond i t ions  t o  an ex tent  t h a t  
w i l l  s i g n i f i c a n t l y  impair  t h e i r  
funct ion dur ing  the i . r  design 1 i f e .  

Documentation o f  s a t i s f a c t o r y  long- 
term performance under i n-use co'ndi - 
t i ons ,  engineer ing ana lys is ,  o r  t e s t i n g  
using an' experi.,mental v e r i f i c a t i o n  
.procedure wh i ch can be shown t o  meet , 

the i n t e n t  o f  the  c r i t e r i o n .  

Th.in f i lms  t h a t  increase i n  b r i t t l e n e s s  
a t  Jaw temperatures may be p a r t i c u l a r l y  



6.1.7 CRITERION 

EVALUATION 

COMMENTARY 

EVALUATION 

'susceptible t o  degradation by f l u t -  
: teri 'ng by wind. 

HUMIDITY. The P.V. Module and I t s  
components sha 1 1 not  be adverse 1 y . 
a f fec ted  by exposure t o  humidi ty  t o  an 
ex tent  t h a t  w t l l  s i g n i f i c a n t l y  impair  
i t s  f unc t i on  dur ing  i t s  design l i f e .  

Documentation o f  s a t i s f a c t o r y  long- 
term performance under in-use condi - 
t i o n s  o r  engineer ing analys is .  Where 
adequate e 'x is t ing . ' in fo rmat ion  i s  not  
avai lable.,  test '  us ing the  methodology 
o u t l i n e d  i n  ~ ~ ~ e n d i x  6-C. For module 
components. which are s t r u c t u r a l  ra the r  
than r e l a t e d  t o  e l e c t r i c a l  product ion 
s h a l l  conform' t o  ASTM 2247-D'; Coated 
Metal.  Specimens a t  100%. Re la t ive  
Humidity. 

The known and w e l l  es tab l ished e f f e c t  
o f  humidi ty  on both e l ' e c t r i c a l  compo- 
nents and c e r t a i n  P.V. c e l l  metal iza-  
t i o n s  requi  res a .de ta i  led  and exten- 
s i ve  examinatidn and eva luat ion .  

'FUNGUS RESISTANCE. The P.V. Module 
and i t s  components. s h a l l  no t  promote 
the, growth o f  ,fu,ngi, mold, o r  mi l'dew. 

The design s h a l l  be capable o f  w i th -  
s tanding exposure t o  fungus as def ined 
by ~e t ' hod  508.o f  M I L - S T D ' ~ I O C .  A l l  
syn the t i c  polymeric ma te r ia l s  con- 
ta ined . i n  the  module assembly s h a l l  
be tes ted t o  determine conformance 
t o  6'.1.8.. by ASTM G21-70, Determining 
Resistance o f  Synthet ic  Polymeric 
Mater ia ls  to. Fungi. 

COMMENTARY Fungi can feed on some organic 
ma te r ia l s  and genera l ly  ' t h r i v e  i n  warm, 
moi s t  envi ronments. They can be k i  1 l ed  
by s u f f i c i e n t l y  low wavelength u l t r a -  
v i o l e t  r a d i a t i o n  but  much o f  t h i s  
r a d i a t i o n  may. be absorbed by the 
e a r t h ' s  atmosphere. There i s  a h igh  
p o t e n t i a l  fo r  fungus growth occur r ing  
under modules. th'at . -are appl i ed  over  a 
b u i l d i n g  w a t e r t i g h t  membrane and 
!t may a l s o  be 'possible f o r  fung i  t o  
grow on both.  the i n t e r i o r  and e x t e r i o r  

"f the  module and poss ib l y  a f f e c t  



module. pe'rformance. 

CRITERION I C E  DAMS AND SNOW BUILD-UP. The 
,des ign of P.V .  Module s h a l l  minimize 
t h e  p o s s i . b i l i t y  of formation' o f  . ice 
dams and snow bui ld-ups. 

EVALUATION Rev1.e~ of drawings, and s p e c i f i c a t i o n s .  

COMMENTARY I n  co ld  c l  i'mates, water  can f l ow  o f f  
warm modules and freeze on co ld  sur-  
faces thereby forming i c e  which could 
bui  l d  up on the a c t i v e  module sur face 
o r  under the  modu 1 e o r  roo f .  Snow 
could be prevented from s l i d i n g  o f f  
modules by a physical  cons t ra in t  a t  

' t h e  base of a modu.le such as a l i p  o r  
g u t t e r  and cause ser ious reduct ion of 
e l e c t r i c a l  output .  

6.2 'REQU I REMENT 

6.2.. 1 CRITERION 

EVALUAT l ON 

COMMENTARY 

TEMPERATURE RESISTANCE. The P.V. 
Module s h a l l  be capable o f  performing 
i t s  intended func t i on  f o r  i t s  design 
1 i f e  when exposed t o  temperatures A .  
t h a t  can develop dur ing  operat ion.  

THERMAL DEGRADATION. Module components 
s h a l l  not  thermal ly  degrade t o  the 
ex tent  t h a t  t h e i r  f unc t i on  w i l l  be 
reduced below design leve ls  dur ing  
t h e i  r des i gn 1 i fe' when exposed t o  i n -  
use temperatures. 

Documentation o f  s a t i s f a c t o r y  long- 
term performance under in-use condi- 
t i o n s  o r  engineer ing ana lys is .  , when 
adequate e x i s t i n g  'i nformat ion i s un- 
avai l a b l e  f o r  module components, 
t e s t i n g  using e i t h e r  the methodology 
out1 i'ned i n  Appendix 6 -D  o r  o ther  methods 
which can be shown t o  meet the i n t e n t  
o f  the  c r i t e r i o n  wi 1 1  be used. 

Some organic components which may be 
used i n  the  modules may be p a r t i c u l a r l y  
suscept ib le  t o  thermal degradation 
under prolonged exposure. Module 
components o f  p a r t i c u l a r  concern i n -  
clude organic cover p la tes ,  sealants 
and frames. 

THERMAL CYCLING STRESSES. The P.V. 
module s h a l l  be capable o f  withstand- 
ing  the  stresses induced by thermal 



' cyc l ing  f o r  i t s .  des,ign l i f e .  

E WALUAT I ON Documentation. of s a t i s f a c t o r y  long- 
. term performance under In-use condt- 
.. t i o n s  o r  engineering ana lys is  where 

adequate.e'xlst ing ' in format ion i s  un- 
avai l ab le ,  test ' ing us ing t h e  method- 

. . .o logy o u t l i n e d  i n  Appendix 6-E o r  
. . ot'her methods which can be shown t o  

, . meet the i n t e n t  o f  the  c r i t e r i o n  w i l l  
. . . . be used. 

COMMENTARY 
J 

I 

EVALUATION 

. . Th i s  c r i t e r i o n  i s  intended t o  i d e n t i f y  
p o t e n t i a l  problems . tha t  may occur as a 
r e s u l t  of.  d i f f e r e n t i a l  thermal move-. 

. . rnent. Thermal. compatabi 1 i t y  i s  , 

e s p e c i a l l y  c r i t i c a l  i n  the  case o f  
modules w i  t h  large. expanses o f  glazing.' 
A lso c r i t i c a l  i 'n P.V. Modules ' i s  the 
need f o r  adequate st.ress re1 i e f  i n  c e l  l= 

,. .. to-ce 1 1 interconnects. 

TRANSMI ss I ON LOSSES DUE TO r o ~ ~ ~ ~ ~ ~  I NG. 
Outgasstng o f  v o l a t i l e s  t h a t  w i l l  re- 
duce, module perforrnan.ce below s p e c i f i e d  
design values s h a l l  no t .occu r  when , the 
module i s  exposed t o  the  maximum .design 
temp r a t  ures . 
Documentation i f  s a t i s f a c t o r y  long- 
term performance under in-use con- 
d i  t i o n s  o r  engineer ing analys is .  . 

9 Where adequate ex ls t : ing  in format ion  i s  
unavai lab le ,  t e s t i n g  methods which can 
be shown t o  meet the  i n t e n t  o f  the 
c r i t e r i o n  w i  11  be used. 

. . 
COMMENTARY Outgassing from compon.ents i ns ide  the  

module. could lead to.. reduced transmis- 
\ .  . . . s,i v i  t y  o f  t he  op t  i c a l  coup1 i ng between 

c e l l s  and cover p l a t e  by delaminat ion 
o f  c e l l s  encapsulant and cover p la te .  



APPENDIX 6-A 

TEST METHODOLOGY AGING 

Components o r  r n a t e r i i l s ' s h a l l  b e ' t e s t e d  using a t  l eas t  one of three aging 
procedures and appropr iate eval'uat i o n .  procedures as described. 

. . 
The surfaces of components o r  mater ia ls .  s h a l l  be v i s u a l l y  inspected be.fore and 
a f t e r  aging t o  ensure t h a t  no signs. o f ' excess ive  deter iorat ion. ,  . such as dimen- 
s iona l  changes; cracking, chalki'ng, o r  o the r  v i s u a l l y  detectable changes which 
could s i g n i f i c a n t l y  a f f e c t  t he  pkrformance o f  the  components i n  .the system, 
are  present. I n  add i t i on , .o the r  eva luat ion  procedures s h a l l  be used, as 
necessary, t o  evaluate performance. 

AGING PROCEDURE I 

ASTM reference methods f o r  Aging Procedure 1 i nc lude G26-70 Operating L i g h t  
and Water Exposure ~ p p a r a t u s  (:xenon-~rc ~ y p e )  f o r  Exposure o f    on-~etal'l i c 
Materi  al's , and D2565-75, Operat i ng Xenon Arc-Type (water-cooled) L i g h t  and 
Water Exposure Apparatus f o r  ~xp'osure o f  P 1 as t  i cs. 

. . 

Exposure components o r  materi .als to ,  simulated s o l a r  r a d i a t i o n  (such as xenon 
a r c  r a d i a t i o n )  f 0 r . a  per iod  o f  2,000 equivalent  sun hours. The e x t e r i o r  s u r - -  
faces o f  components which are exposed t o  r a i n f a l l  i n  serv ice  s h a l l  be subjected 
t o  a water spray f o r  a p e r i o d . o f  5 minutes dur ing  each 60 minutes o f  the  
l i g h t  exposure. For components not  exposed to. r a i l f a l l  under normal operat ing 
cond i t ions ,  ttie water spray s h a l l  no t  be included i n  the  procedure. 

AGING PROCEDURE 2 

Expose components o r  ma te r ia l s  t o  concentrated na tu ra l  s o l a r  r a d i a t i o n  using 
machines such as those referenced i n  ANSI 297.1-1975, paragraph 4.3.2, f o r  a 
per iod  o f  2,000 equival tn l :  ~ U I I  t~uurb.  The e x t e r i o r  surtaces of components 
which are exposed t o  r a i n f a l l  i n  serv ice  s h a l l  be subjected t o  a water spray 
f o r  a per iod  o f  8 minutes dur ing each 60 minutes o f  s u n l i g h t  exposure. For 
components no t  exposed t o  r a i n f a l l  under normal opera t ing  cond i t ions ,  the  water 
spray s h a l l  no t  be included i n  the  procedure. 

AGING PROCEDURE 3 

ASTM reference methods f o r  . Aging . Procedure. 3 inc lude:  

G7-69T . Atmospheric. Envi ronmental Exposure Test ing  o f  
Non-Metal l ic Mater ia ls  

D l  828-70 Atmospheric Exposure of Adhesive Bonded Jo in ts  
and Structures 

01014-66 (1973) Conducting E x t e r i o r  Exposure Tests of Paints on Steel 
D 1006- 73. ~ o n d u c t i ' n ~  E x t e r i o r  Exposure Tests o f  Pa in ts  on Wood 
G24-73 ~ o n d u c t i ' n ~  Natura l  L i g h t  Exposures Under Glass 
D l  435-69 Outdoor weathering o f  PlastFcs 

Expose components and mate r ia l s  t o  s o l a r  r a d i a t i o n  outdoors f o r  twelve months. 
The average d a i l y  f l u x  o f  the  s o l a r  r a d i a t i o n ,  as obta ined by averaging the 
d a i l y  f luxes over the  twelve month per iod  of outdoor exposure, s h a l l  be a t  



2 
l e a s t  1,500 B tu / f t  . 
Evaluat ion techniques, i n  a d d i t i o n  t o  those r e l a t e d  t o  vis.ua1 ins,pection, s h a l l  
a l s o  be used. The methods below represent the  types of eva lua t i ve  techniques 
t h a t  should be used where appl icable.  

Vapor Transmi 3Sion 

E96-66 '(1 972) Water Vapor ~ r a n w n ~ s s i o n  o f .  Mater ia ls  i n  Sheet Form 

C355-64 '('1973)' Water Vapor ~ransmiss i .on .  o f  Thi ck Mater i  a1 s 

Tens i le  Strength 

D638- 72 Tens i le  Proper t ies  of P l a s t i c s  

D897-72 Tens i le  Proper t ies  o f  Adhesive Bonds 

C297-61 '('1970) Tension.Test o f  F l a t  Sandwich Construct ion i n  
F la tw ise  Plane 

F lexure 'S t rength  

8;790-'71 F lexu ra l .  Proper t ies  of P l a s t i c s  

C393-62 (1970)' F lexure Test o f  F l a t  Sandwich. Construct ions 

Evaluat ions should be performed on..bo.th aged and unaged specimens t o  e s t a b l i s h  
a bas is  o f  comparison.. 

COMMENTARY 

The t e s t s  are intended t o  permi t  est imat ions t o . b e  made o f  the  e f f e c t  o f  so la r  
r a d i a t i o n  i n  degrading . c o l l e c t o r  components and.. i n  reducing the c o l l e c t o r  e f -  
f i c i e n c y .  The 2;000'.equivalent. sun hours . tes t  t ime i s  considered t o  be equ iv -  
a l e n t  t o  approximately 12.months o f  actual  s o l a r  exposure . w i t h  an average 
exposure time o f  6 hours per  day. . The f a c t  t ha t ,  the i n t e n s i t y  o f  s o l a r  
r a d i a t i o n  var ies  w i t h . t i m e  o f  the  day.and t ime o f . t h e  year should be considered 
i n ,  es tab l  i sh ing  the  - length o f  the  exposure. 

METHOD FOR.EVALUATING'THE EFFECTS 0F.SOLAR DEGRADATION ON THE PERFORMANCE OF 
THE P.V.  MODUCE'(PRIMARILY'FOR SPECTRALLY SELECTIVE MATERIALS) 

TEST SPEC 1 MENS 

Test speciments s h a l l  cons is t  o f  specimens o f  the  ma te r ia l s  t o  be tested. 

Specimens of window m a t e r i a l s . f o r  aglng and.evaluat ing s h a l l  cons is t  of the 
number o f  windows .used i n  the co l . lec tor  spaced and a'l igned as they would .be 
i n  the c o l l e c t o r .  

AGING PROCEDURE 

Specimens s h a l l  ,be exposed t o  simulated s o l a r  r a d i a t i o n  w i t h  the  spect ra l  i n -  
t e n s i t y  i n  the 3 0 0 . t o  450'nm wavelength range e q u i v a l e n t . t o  the a i r  mass 2 
s o l a r  spectrum ('such as Xenon a r c  rad ia t i on )  foi- a per lod  o f  1,000 hours a t  
the.  maxi mum temperature. t o  which they w i  1 1 be subjected I n  actual  serv ice.  For 



c o l  l e c t o r  windows, the exter i :or  surfaces o f  the components. sh.al 1 be s.ubjected 
t o  a water spray f o r  a pe r iod .o f  5.ninu.tes duri'ng each. 60 minutes of the  l i g h t  
exposure. For components not  normal 1.y exposed. ' t o  r a i n f a l l  the  water spray 
s h a l l  no t  be' inc luded i'n the .  p.rocedure. 

TEST PROCEDURE.S** 

P.V. Module Colier P la te  

1. ~ e a s u r e  the  t o t a l  spec t ra l .  t ransmit tance ( inc lud ing both diyfuse 
and normal radiat.i'on) o f .  the  w i  ndows. from 300. t o  '1 ,820 nm. 

2. Expose the cover t o  the aging procedure described above. 

I1 3. Repeat Step 1 . 
4. Calculate the s o l a r  transmi t tar ice (r) determined from t ransmi t tance 

measurements from 300 t o  1,820 nm f o r  both. unaged and aged specimens 
us i ng the  procedure described in..  ASTM E424. 

TRANSMITTANCE OR REFLECTANCE BY ASTM .METHOD E 424-71. 

An a l t e r n a t e  ca lcu l .a t ion  method i s  recented i n  ASTM Method E 424 f o r  t ransmi t -  
tance and ref lectance.  I n  ASTM E 424, s o l a r  energy transmi t.tance o r  r e f l e c -  
tance i s  ca l cu la ted  by i n t e g r a t i o n  usin.g. t he  sol 'ar energy d i s t r i b u t i o n  f o r  sea 
leve l  and a i  r mass 32.0.  able A-1 contains twenty selected ord inates f o r  use 
i n  the ca l cu la t i ons .  

Table A-1 Twenty Selected Ordinates f o r  Evaluation.. o f  .Solar Transmi t tance o r  
Reflectance a t  Sea Level.*** 

Ordi nate Wavelength Ordinate Wavelength 
N umbe r (nm) N umbe r (nm) 

1 390 1 I 745 

2 444 12 786 

3 481 13 83 1 

4 51 1 I 4  877 

5 543 15 959 

6 5 74 I 6  1026 

7 606 17 1105 

8 639 I 8  1497 

9 669 19 1497 

10 705 2 0 1722 

;:Specimens s h a l l  be mounted perpendicular t o  the i nc iden t  rad ia t i on .  
**Other less s e n s i t i v e  t e s t  procedures which are d i  r e c t l y  i n t e g r a t i n g  are 

g i  ven i n ASTM E424- 71 and E434-71. 
;k;kf:Extracted from ASTM Method E 424. 



APPENDIX 6 - B  

TEST METHODOLOGY ENVIRONMENT 

Thi.s sec t ion  conta ins t e s t  methods to .  determ1ne.the resi 'stance of components 
t o  a i rborne po l l u tan ts .  F o l l o w i n g ~ t h e  t e s t ,  specimens. s h a l l  e x h i b i t  no .s igns  
0.f d e t e r i o r a t i o n  t h a t  would ~ i . ~ n ' i . f i . c a n t l y  i.mpair t h e i r  performance. 

, 

Resistance t o  Ozone 

Coupon specimens of components s h a l l  be exposed f o r  500 hours t o  an ozone 
atmosphere o f  50 ,+ 5 pphm/volume i n  a t e s t  chamber at.  23 + 2 C (73.4 f 
3.6'~). The specimen s h a l l  be exposed under cond i t ions  which s imulate 
in-use condi t ions.  A f t e r  the  exposure, the surfaces of the specimens 
s h a l l  be v i s u a l l y  examined f o r  signs o f  d e t e r i o r a t i o n  such as cracking, '  
b l  i s t e r i n g ,  o r  dimensional changes using a .microscope w i t h  an eye-piece 
micrometer a t  20X magni f i ca t ion .  An ozone t e s t  chamber i s  described i n  
ASTM D l  149-64 '(1970), "Accelerated Ozone Cracking o f  Vulcanized Rubber". 

The ex ten t  o f  change o f  the  specimens as a r e s u l t  o f  the  exposure s h a l l  be 
determined by comparing the exposed specimens t o  con t ro l  specimens o r  by 
comparing the  c h a r a c t e r i s t i c s  o f  t he  same specimens before  and a f t e r  
exposure. 

Resi j tance t o  S a l t  Spray 

Coupon specimens o f  components s h a l l  be evaluated i n  accordance w i t h  ASTM 
Standard Method 8117-73. A f t e r  exposure f o r  500 hours, w i t h  ASTM Standard 
Method 8117-73. A f t e r  exposure f o r  500 hours, the  specimens s h a l l  be 
v i s u a l l y  examined f o r  signs o f  d e t e r i o r a t i o n  such as cracking, craz ing,  
b l i s t e r i n g ,  o r  p i t t i n g .  The ex tent  o f  the change as a r e s u l t  o f  the 
exposure s h a l l  be determined by comparing the exposed specimens t o  con t ro l  
specimens o r  by comparing the  charac ter . i s t i cs  o f  the  same specimens 
before and a f t e r  exposure. 

Res Fstance t o  SO2, NOx, and HCI  

Coupon specimens s h a l l  be immersed ' f o r  500 hours i n aqueous so lu t i ons  con- 
._ . __.._ .- 
t a ~ n i n g  100 ppm.of H SO , HNO and H C I  on a one component per t e s t  solu-  
t i o n  basis so t h a t  oge Aa l f  o? the specimen i s  i n  the  s o l u t i o n .  During 
the immersion, the temperature o f  the  t e s t  specimen s h a l l  be cycled 
r e p e t i t i v e 1 y . a ~  fo l lows:  one hour a t  the  maximum se rv i ce  temperature, one 
hour a t  23 f ~ O C  (73.4 + 3.6'~). S u f f i c i e n t  time. s h a l l  be provided be- 
tween each o f  the above cycles t o  a l l ow  the specimens t o  e q u i l i b r a t e  a t  
t he  t e s t  temperature. Test so lu t i ons  s h a l l  not  be.heated above t h e i r  
bo i  1 ing po in ts  o r .  cooled below. t h e i  r f reezing po in ts  dur ing  the t e s t s  
and the concentrat ions of the  s o l u t i o n  sha l l '  be maintained' a t  the desi red 
1evel.s. A f te r  exposure, the  specimen s h a l l  be v i s u a l l y  examined f o r  signs 
o f  d e t e r i o r a t i o n  such as cracking,  b l i s t e r i n g  o r  p i t t i n g .  The ex tent  o f  
change o f  the  specimens as a r e s u l t  of the  'exposure s h a l l  .be  determined 
by 'compai.ing the expose.d, specimens. t o  con t ro l  spec.imens.or by comparing 
the same ~ ' ~ e c i m e n s  before and a f t e r  exposure. 



APPENDIX 6-c 

HUMIDITY TEST PROCEDURE 

The module s h a l l  be subjected t o  the. l iumfdt tp c y c l i n g  procedure per F igure 3 .  
The module s h a l l  be tes ted i n  the  open c t r c u i t  c o n d l t ~ o n ,  bu t  wFth te rminat ion  
pro tec ted from .water coridensatton. E l e c t r i c a l  performance t e s t  , per, Sect ion  A 
s h a l l  be performed w i t h i n  one hour a f t e r .  removal from the humidi ty  chamber, 
o r  w i t h l n  another mutua1.ly'agreed upori t ime pe r iod  i f  the  t e s t t n g  i s  sub- 
contracted. 

. .  . --- 
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. RE-DRY . 90 10 95% RH - - , . 
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4  
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-. 
2 " l 
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Figure 1. Humidity Cycle Test (Su i tab le  procedures f o r  accompl i sh ihg  t h i s  
t e s t  a re  described i n  MIL-STD-810C, Method 507.1, Procedure v. )  



TEST METHODOLOGY THERMAL DEGRADAT l ON 

This s.ect ion contains informat Tori concerntng methods t o  t e s t  PQS The.rrna1 De- 
gradat'i on. " 

, .. . '  
complete compbnents &i coupon specimens ;ha1 1 b e  subjected to;heat aging f o r '  
a per iod o f  500. hours .s t .  the :maximurn. serv ice temperature' t o  which-  t'hey hi 1 1 be 
exposed i n  actual  service. Components and mater ia ls.stressed i n  normal use 
should be stressed durt,ng the exposure. They s h a l l  be v jsua i  l y  ;inspertecl bbth 
before and a f t e r  . aging. . 

When v isua l  l y  evaluated a f t e r  exposure a t  the maximum service.  temperatures, 
there sha l l  be' no s ign. i f i cant -  loss o f  st rength as a r esu l t  o f  the aging. 



THERMAL .CYCLING TEST PROCEDURE 

The module s h a l l  be subjected t o  t h e  thermal c y c l i n g  procedu.re.perFigare 1 ,' 
cons is t i ng  o f  50 cycles w i t h  the c e l l  temperature ca r ry ing  between -40 C 'and 
+90°c,. . The temperature s h a l l  vary  approximately 1 l n e a r l y  w i t h  t ime. a t  a r a t e  

0 , : ;" 
not  ekceedi ng 100 C per  hogr and x i  th 'a per Fod not  g reater  than 6 hours per  

0 
'izycle' ( f ro"  ' am~ ie " t ,  t o  -40 C'- to +90 C ' t o h n b i e n t )  .' The module c i r c u i t r y  s h a l l  
be' i nstrirmente'd .and moni to red th.roughout.. the  t e s t  t o  v e r i  f y .  t h a t  no .open 
c i  r c u i  ts"' o r  s h o i t  ci.r.cu.i'ts 'occur dur ing the  exposure. . . 

- MAXIMUM CYCLE IIME -4 
1 7 

I w -  - 
U 

' " a  
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2 
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I \\ / / 
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Figure 1. Thermal Cycle Test (:Shorter cyc le  t ime i s  acceptable i f  10oOc/hr 
maximum r a t e  o f  temperature.. change i s not  exceeded. chamber may 
be opened a t  .25 cycles fo r  visu'al  inspect  ion) .  



REQUIREMENTS: MAINTAI .NABlL ITY  

7; 1 . A C C E S S I B I L I T Y  'FOR'MAINTENANCE .AND SERV!CI.NG, The P . V .  Module sha l l  
be designed, constructed and. tns.ta1.le.d t o  p r w i d e  suff-ici.ent access 
for  'general maintenance,.. convenient. serv ic ing  and .noni.toring . . of. 

.. . . module performance., 

7.2 :INSTALLATIOM;.'OPERATION~.AND'MAI.NTENANCE MANUAL. A manual sha l l  be 
provided containing. instructions f o r . t h e  i n s t a l l a t i o n ,  operat ion,  
and .maintenance .requ.t rernents; o f  .the P.V.  Module. 



WEQU l REMENT 

EVALUATION 

COMMENTARY 

7.1 .2  CRITERION 

EVALUATION 

COMMENTARY 

7.2  REQU I REMENT 

7.2.1 CRITERION 

EVALUATION 

ACCESStBILITY FOR MAINTENANCE AND . - -  . .  . -  . , . . . 

SERVICSNG. . The P . Y .  ~ o d u l e  s h a l l  be 
designed, constructed and. l n s t a i  l ed  
t o  'provide suff  t c i e n t  'access f o r  gen- 
e r a l  mai ntenance', conventen t s e r v i c i n g  
and monl tor tng o f  module performance. 

ACCESS FOR MAINTENANCE. Modules s h a l l  
be replaceable o r  repai rab le  w i thou t  
d i s t u r b i n g  non adjacent modules i n  an 
array.  

Review o f  drawings and s p e c i f i c a t i o n s .  

A c c e s s i b i l i t y  as a func t i on  o f  module 
l i f e  i s  an important considerat ion.  
Information on access prov is ions  i s  
provided i n  Uniform Mechanical Code, 
ICBO, 1973. 

IMPAIRMENT OF OPERATION. The func t i on -  
a l  c a p a b i l i t y  o f  the P.V. systems s h a l l  
n o t  be impai red t o  a greater  ex tent  
than conventional sys tems when system 
repa i rs  o r  modi f i ca t ions  are being 
made. 

Engi,neering review o f  spec i f i ca t i ons  
and drawi'ngs. 

> 

Equipment t h a t  requi res preventa t ive  
maintenance s h a l l  be prov.ided w i t h  
complete i n s t r u c t i o n s  t o  mainta in p r w -  
e r  and e f f i c i e n t  opera t ion  of t he  
P.V. Module. 

INSTALLATION, 0PERATION.AND MAINTENANCE 
MANUAL. A manual s h a l l  be provided 
conta in ing  i n s t r u c t i o n s  f o r  the  i n s t a l -  
l a t i o n ,  opera t ion  and maintenance o f  
tb.e module. 

INSTALLATION INSTRUCTIONS. The i n -  
s t r u c t i o n s  s h a l l '  inc lude phys ica l ,  
funct ional  and procedural requi  remen,ts 
f o r  P.V. module I n s t a l l a t i o n .  

These i n s t r u c t i o n s  s h a l l  describe the 
in terconnect ion  requirements o f  the 
P.V. Module and i t s  i n te r face  requ i re-  
ments. wi th,  the bu l l d lngs  and s i t e .  

Revfew of i s n t a l  l a t i o n .  i n s t r u c t i o n s .  



EVALUATION 

COMMENTARY 

I t  1s no t  the l n t e n t  o f  t h i s  criterion 
t o  requi r e  comp l e t e  , de.tai l e d  module 
i n s t a l  l 'a t ton  s;peciftcat[ons, Such 
spectfi 'cat7ons would.nbrmally- be pro-  
j e c t  spect f i c  .and p a r t  o f  the  procure- 
men t p rocess . 
'MAINTENANCE AND OPERATION INSTRUCTtONS 
The manual s h a l l  completely.describe 
the  P.V. Module, i t s '  break.down i n t o  
components, F . ts . . re la t ionsh ip  t o  e x t e r -  
na l  systems an.d elements, i t s  pe r fo r -  
mance c h a r a c t e r i s t i c s  and. i t s  requi red 
pa r t s  and procedures fo r  .meeting spec- 
i f i e d  capab i l i ' t i es .  

: The m a n u a l . s h a l l . l i s t  a l l  pa r t s  o f  the  
module by components, descr ib ing  as 
necessary f o r  c l e a r  understanding oper- 
a t  ion,  maintenance, repai r and 'replace- 
ment, such c h a r a c t e r i s t i c s  as shapes, 
dlmensions, mater ia ls , .we ights ,  
funct ions .and performance charac ter is -  
tgcs. The manual ,sha l l  inc lude a 
t a b u l a t i o n  o f  those speci f i c p e r f o r -  
mance requirements which are dependent 
upon s p e c i f i c  maintenance procedures. 
The maintenance procedures, i nc lud ing  
ord inary ,  p revent ive  and minor repai r s  , 
s h a l l  be cross-referenced f o r  the 
module and i t s  i n t e r f a c e  and w i t h  a l l  
subsystems and organized i n t o  a 
maintenance cycle,  The manual s h a l l  

' f u l l y  describe operat ion proced.ures f o r  
a l l  pa r t s  o f  t he  module inc ludi .ng 
those requi red f o r  implementat ion  o f  
s p e c i f i e d  planned changes i n  modes o f  
ope r a t  i on. The manua'l s ha 1 1 p rov i de 
warning . . against  hazards t h a t  could 
a r i s e  i n  the  main tenan~e o f  the  
module. and s h a l l .  f u l  l y  describe pre- 
caut ions t h a t  s h a l l  be. taken t o  avoid 
these hazards. The manual may cons is t  
i n  whole o r  i.n p a r t  o f .  a se r ies  o f  
1nstruct i .on sheets. provi,ded by the 
var ious  subsystem.and component manu- 
fac turers .  

Review of maintenance and operat ing 
i n s t r u c t  tons. 

Common ma1 funct Pons o f  P..V. Modules 
inc lude c e l l  ciacki.ng. ' .l.t i s  rieces- 
sary t o  f u l l  y descrtbe ,and out  1 ?ne 



: t e s t t n g  and i d e n t i f i c a t i o n  methods o f  
common malfunctfons .o f  P . V .  Modules I n  
the maintenance and opera t ion  manual. 

CRITERION 

EVALUATION 

CR l TER l ON 

EVALUATION 

COMMENTARY 

7 . 3  REQUIREMENT 

7.3.1 CRITERION 

EVALUATION 

COMMENTARY 

. MAI'NTENANCE'PLPN. The manual s h a l l  i n -  
c lude a c6mpreI5,enstve p lan  f o r  main- 
t a i n  ing  the speci.f i ed  .performance o f  
the P'.v. Module f o r  t he i . r  design ser-  
v i c e  l i v e s .  

The p lan  s h a l l  inc lude a l l  the neces- 
s a r y  ord inary .  mai.ntenance (e.g. , 
cleaning)  p revent ive  maintenance and 
minor  'repat r. work, and p ro jec t i ons  
f o r  equipment replacement. 

. Review o f  maintenance plan. 

REPLACEMENT PARTS. Par ts  , compomen t s  , 
and equipment requi red f o r  serv ice ,  

- . repai r o r  replacement s h a l l  be com- 
. .  merc ia l  l y  avai l a b l e  from the P.V. 

Module Manufacturer o r  suppl i e r .  

Revtew o f  s p e c i f i c a t i o n s  f o r  the 
avai l a b i  1 i t y  o f  p a r t s .  

Th is  c r i t e r i o n  i s  intended t o  preclude 
long per iods o f  system inoperat  ion due 
t o  the  need f o r  the r e p a i r  o r  replace- 
ment o f  pa r t s .  I t  would be des i rab le  

. t o  have a minimum one-year 's supply o f  
consumable p a r t s  and p o t e n t i a l  e a r l y ,  

. . fa i ' lure.  items. 

REPAIR AND S E R V I C E  PERSONNEL. The P.V.  
Module and system s h a l l  be designed i n  
such a manner t h a t  they can be conven- 
i e n t l y  repa i red  by qua1 i f  i ed  se rv i ce  
personnel . 
S E R V I C I N G  OF P.V .  MODULES. The P.'?. 
modules s h a l l  be capable o f  being ser-  
v i ced  w i t h  a minimum amount o f  spec ia l  
equipment by a t r a i n e d  e l e c t r i c a l  ser -  
v i c e  techn ic ian  us ing a serv ice  manual 

Review of  drawings, spec i f i ca t i ons ,  
and se rv i ce  i n s t r u c t i o n  manuals. 

The complexity and destgn o f  c e r t a i n  
- 

, components may requ i re  the i r remova 1 
and replacement f o r  r e p a i r  o f  the  
system. 



REQUIREMENT 

CRlTERl ON 

EVALUATION 

CRlTERl ON 

, . ,  

EVALUATION 

COMMENTARY 

,LABELING AND'TECHNICAL'DATA. SHEETS. 
Modu1.e~. s.h.311 be.. proper ly labeled and 
be.'accompan ie.d b.f.a . t e c h  tca l  dat@ 
shae t . 
LABELING. P.V.  Modules..shall be 
labe.led t o  show the manufacturer's 
name, model; number, s.er3al number, 
weight, e lec t r i .ca1 output ,  and any 
performance c e r t i f  icat long. 

Eiarntne speci f icat ions.  

TECHNICAL DATA SHEETS. TechnTcal data 
sheets sha l l  be provided which w i l l  

, . . include module.efficiency, I .V. curves, 

t and several normal .operat ing c e l l  
temperatures ,. 'and proper k r n  i ngs . 
Revlew o f  speci f icat ions.  

0 ther .data  re la ted t o . t h e  i n s t a l l a t i o n  
and opsratfng condit ions o r  character- 
i s t i c s  i s  desirable. 



APPEND I.X :2O. ' '  C R l  T I  QUE OF JPL'S SOLAR CELL MODULE DES lGM AND 'TEST SPEC I FI CA- 
. . .TI ONS'-'FOR RES l DENT IAL APPL l CAT l ON$ 

PURPOSE: To c r i t i q u e ,  evaluate and re -wr i t e  sect ions o f  the JPL ' .  ., . . .  . 
.: . . .  . . .  : s p e c i f i c a t i o n  to ; re f lec t  the inf luence o f  b u i l d i n g  codes, 

, * ' .standards .and p rac t  i ces. 
. -  . . , .. . . . - 

CONCLUSIONS: It i s  readi l y  apparent t h a t  several sect ions i n  the JPL 

s p e c i f i c a t i o n  should be and w i l l  be adopted i n  an indus t ry  

, standard; .. Th is  ssandard must be an indust ry  consensus 
.. . ' 

: .  . , . , .  . .,! . standard, and.,.wi.l.l cons is t  o f  t e s t i n g  methods and evalua- 
: t i o n s  what w i  11 ensure module performance and i n t e g r i t y .  

Such a document may be generated by a standards w r i t i n g  
. '  organizat ion'  sudh as ANSI o r  ASTM wi t h '  the  he lp  o f  such 

. . -  t e s t i n g  organ izat.ions as Underwri t e r s  Laboratory. 

RECOMMENDATIONS: Work should begin immediately t o  i d e n t i f y  the proper o r -  

ganizat ions and labo ra to r ies  necessary f o r  t he  w r i t i n g  o f  

an i ndus t ry  standard. Every e f f o r t  must be made t o  a l l o w .  

manufacturers t o  generate new and innovat ive  designs f o r  

t h e i  r products by ca re fu l  l y  w r i t i n g  i ndus t ry  standards. 

INTRODUCTION 

The f o l l o w i n g  i s  a review of JPL's so la r  c e l l  module design t e s t  s p e c i f i c a t i o n  

f o r  r e s i d e n t i a l  app l ica t ions .  The o r i g i n a l  JPL document was reproduced and 

commentary was added. Th is  commentary which fo l lows each sec t ion  w i l l  be i n  

i ta l ics .  I t  should be noted t h a t  thi's s p e c i f i c a t i o n  i s  f o r  a p a r t i c u l a r  

app l i ca t i on ,  i.e.,the government procurement o f  pho tovo l ta i c  modules. I n  t h e  

fu ture ,  sect ions o f  t h i s  document may be incorporated i n  an indust ry  wide stan- 

dard. Those sect ions which may be ?ncorporated i'n t h a t  standard have been 

noted. The remaining areas are s p e c i f i c  t o  the, government spec t f i ca t?on  and 

may indeed remain i n  the f u t u r e  f o r  government procurements. Appendix 21 

contains a s p e c i f i c a t i o n  which i s  o f  a format common t o  the  b u i l d i n g  indsut ry .  

This C S I  format s p e c i f i c a t i o n  shows the general o u t l i n e  as w e l l  as a t y p i c a l  

s p e c i f i c a t i o n  as i t  may be seen i n  the  fu ture  f o r  any b u i l d t n g  app l i ca t i on .  
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SECTION I 

tNTRODUCTtON 

A. SCOPE 

Th is  spec i f i ca t i on ,  a Je t  Propuls ion Laborator tes Speci f?cat ion,  provides 

near-term design, qua1 i f i c a t l o n . a n d  'acceptance requirements. f o r  t e r r e s t r i a l  

s o l a r  c e l l  modules s u i t a b l e . f o r  incorporat ion. ?n p h o t w o l t a ? ~  power sources 
. . 

(2 kW t o  10 kW) app l ied  t o  sing. le f w n i l y . . r e s i d e n t i a l  i ns ta l l a t i ons : .  Require- 

ment l eve ls  and recommended design. 1 imi t s  f o r  selected.  performance c r i t e r i a  . .. . . 
have been s p e c i f i e d  f o r  rnbdules intended p r i n c i p a l l y  f o r  roo f top  i n s t a l  l a t i o n .  

Modules s a t i s f y i n g  the  requirements::Jqf tb is , .spec i f i ca t ion  f a l l  i n t o  one o f  two .. . 

categories, res iden t i  a1 panel, o r  resi .dent ia1 . . sh ingle,  both meeting . . general 

performance requi  rements p l  us. addi t ?.anal category pecu l ' ia r  r e s t r a i n t s .  
. .  . , :, -: 

This i s  . s t r i c t ~ y ,  a gov.~mment s2j'eilifibation for the .procw?emb~t of R&D 

residential photmo2taic modules.. This d0eument.i~ not meant t o  be an industry 

standard. 

B . APPL I CABLE DOCUMENTS 

The f o l l o w i n g  documentatton i s  app l icab le  t o  the  ex tent  speci.f iced: 

(1) M i l i t a r y :  MIL-STD-'810 C., Environmental Test Methods,, 

March 10. 1975. 

(2) Energy Research and Development Admi n i s t  r a t i o n  : TM 73702, ERDA/NASA/ 

1022-77/16 " T e r r e s t r i a l  Photovol t a i  c Measurement Procedures" June 

1977, Lewis Research Center, Cleveland, Ohio 44135. 

( 3 )  ~ n d e r w r i  t e r s  Laboratory, lnc. : , UL Standard ~ b .  UL 997, Wind Resis- 

tance o f  Prepared Roof Cwer ing .  Mater ia ls  ,I1. Latest  Revision. 

(4') J e t  Propuls ion Laborator ies: '  .'51'01-19 "Cycl i c 'Pressure-Load Develop- 

mental Test ing o f  Solar  Panels", ~ e b r u a r y  1977, Pasadena, Ca l i fo rn ia .  

(5) Underwri t e r s  ~abora tor i :es ,  lnc. :. UL Standard No. 723, '"Test f o r  Sur- 

face Burning ~ h a r a c t e r i s t  i c s  of Bui 1di;ng Platerials.!!, Chtcago, 1 1  1. 

(6) Underwri ters Laborator tes tnc,:  .UL Standard No. 790., "Test f o r  F l r e  

Resistance o f  Roof. Cover ing - -Ma te r ra le ,  Chicago, 11-1 lnoi's.. 

(7) American Society o f  Testi:ng and - N a t e r i a l s :  ASTM .:~'137, ''Standard 

I Method o f  Sa l t  Spray [Fog] Testtng", Pht ladelphia,  PA. 



SECTION r r  . 

DES I GN. AND PERFORMANCE 'REQU I REMENTS . . . , . 

Solar  c e l l  modules meeting the  requi;rements . . o f  t h i s  document w i l l  b e ,  i n -  

. s t a l l e d  i n  ar rays  intended f o r  residential app l t ca t tons  ranging . . from 2kW t o  

1OkW. I n  general these are Intended a s  kipgle-fam?ly d w e l l  in& apbl i ca t ions .  

The use o f  concentrators o r  hybrvd (combined thermal and photovol t a i  c )  systems 

s h a l l  no t  be considered i n  meet ing.  these requi.rements.. The module designs 

s h a l l  s a t i s f y  the  f o l  lowing' . . general ,desigri' cons t d e r a t ~ o n s .  . ' ~ n v ' r  ronments t o  be 

considered i n  assessing poss ib le  degrad.at ion  o f  modu.le e l .ec t r ica1 performance 

and phys ica l  p roper t i es  inc lude:  solar .exposure ( p a r t i c u l a r l y . ~ ~ ) ;  thermal 
. . 

cond i t ions ,  i nc lud ing  f reeztng and :thawfng; e f f e c t s .  o f  wind, ' rain, snow, ice ,  

h a i l ,  s a l t  mis t ,  and atmospheric.oxidan.ts'; dus t .and debr is  accumulation, 

e s p e c i a l l y  nonremovable s ta ins  or .contaminat ion;  and dynamic loadlng e f f e c t s  

o f  wi,nd, snow and ha' i l .  l n ' a d d f t i o n . . t o  these.genera1 considerat ions,  th5  

f o l  lowi ng s p e c i f i c  performance and des,ign raq" ' i  rements s h a l l  be met by the 
I - 
! 
I modules. 

A. PERFORMANCE.. REQUIREMENTS 

The f o l  lowing standard performance measurement requi rements s h a l l  be used : 

( 1 )  Average Module Output Power - Average module output  power (Pavg) 

' s h a l l  be determinedi for  a su i  t ab le  s i zed  sample q u a n t i t y  o f  modules 

(not less than l o ) ,  a t  Standard Operating Condl t i o n s  (SOC) and a t  

Nominal Operating Voltage (v,,) . Standard Opearting Condit ions (SOC) 
2 are def ined as AM1.5 i r rad iance  l e v e l  o f  100 mW/cm and c e l l  temper- 

a ture  equal t o  the  Nominal Operating C e l l  Temperature (NOCT). The 

power output  (P) o f  i n d i v i d u a l  modules s h a l l  be determined per  

Sect ion I V ,  Paragraph A. 

Determination o f  the average output power I A Z Z  be accampztshed using 
-L* 

a standard method of t e s t  estabzished by  a testing organization such 

as ASTM using NASA TM 73702, TerrestriaZ PhotovoZtaic Neasuxernent 

~ r o c e d d e  as i t s  basis. This t e s t  method w i Z Z  reference several 

other standard methods of t e s t  such as the Standard Method of Test 
l for the Determination of the Nominal Operating CeZZ Temperatme. In . 

a specification document such as thz's, the t e s t  methods can be in- 

cluded or s.impZy referenced 6y name and nwnber. 



(2) Minimum Ind iv idua l  Module Power Output - Th.e mi'nimum acceptable 

power output  f o r  production.modules.shall be not  less than 

90 percent o f  the predetermtned P 
. ayg' 

(3)  Nominal Operating Vol tage - The Nominal 0.per.ating Voltage (Y ) . . no 
i s  the  reference.voJtage a t  whi'ch modules are designed t o  provide 

2 
maxi mLim power output  a t .  Standard .Ope r a t  i on Cond i t i:.ons '(:I 00 mW/cm , 
NOCT) . For purpos.es o f  s tandardtzat  i on, 

"ho 
s h a l l .  be 15.0 Vdc, o r  

a convenient fract i 'on o r  m u l t t p l e  of 15 v o l t s .  I n  no case s h a l l  

Vno exceed 60 Vdc. ' 

This w i l l  be incZuded i n  the . d o v e  . mentioned standurd method of t e s t .  

The value of the Nominal Operating VoZtage can be specified here. 

As residential array systems 6ecome estabZished,the 15 vo l t  rnuZtipZe 

requirement may be deleted. 

(4)  Nominal Operating Ce l l  Temperature - The Nominal Operating Ce l l  

Temperature (NOCT) i s  the module c e l l  temperature under ambient con- 

d i  t i o n s  equivalent  t o  the  Standard Thermal Envi ronment (STE) which 

i s  def ined as: 
2 

. . I nso la t i on  = 100 mW/cm 

Ai r Temperature = 20°c 

Wind .average.ve loc i ty  . . .  = 1 m/s 

. . ,Mounting.= Oriented ,normal t o  s_olar noon, mounted on s t r u c t u r e  
t y p i c a l  o f  a p p l i c a t i o n  

E l e c t r i c a l  Load - Open. c i r c u i t  

The NOCT s h a l l  be determined by the procedure p r o v i d e d . i n  Appendix A. 

. . 

The NominaZ Operating Cell Temperature i s  not a performrmce require- 

ment. The determination of the Nominal Operating Ce Z Z  Temperature, 

however, shouZd be a standard t e s t  method.. Reference t o  the method 

of determination should be made when obtaining the nominaloperating 

voltage and not i n  the p e r f o r n e e  specification. 

8.  ELECTRICAL DESIGN REQU!REMENTS 

The e l e c t r l c a l  des,ign of the  module . . s h a l l  .meet' t h e  Pol lowing requi rements: 

(1) E l e c t r i c a l  'Vol tage- ' ts :o lat ion - A1 1 module c i r c u i t r y ,  includi'ng output  

terminat ions,  s h a l l  b e  i nsu la ted  from e l e c t r i c a l l y  conductive ex te r -  
. . 



na l  surfaces. The vo l tage i ' so la t ion  design s h a l l  proy ide c a p a b i l i t y  

t o  wi thstand an opera t ing  vo l tage r e s u l t i n g  from se r ies  connection 

o f  modules t o  ob ta in  a system vo l tage of 250 Vdc. This c a p a b i l i t y  

s h a l l  be demonstrated by successful  completion of t he  1500 Vdc h igh  
? 

vo l tage wi thstanding t e s t  o f  Sect ion I t / ,  paragraph 8.2.  

( 2 )  E l e c t r i c a l  'Grounding 'and 'Safety . - I n  order  t o  mtnimtze e l e c t r i c a l  

hazard t o  personnel, a l l  modules s h a l l . b e  provtded w i t h  an ex terna l  

grounding terminal  o r  s tud  serv ing  as. a common grounding po in t  f o r  

a l l  exposed ex terna l  conduct ive ,surfaces. not  p a r t  o f  t he  module c i r -  

cu i t r y  . A g roundi ng c0nnect.i on i s not  requi  red : f o r  modules w i thout  

exposed conductive surfaces, unless removal o f  covers, mounting hard- 

ware, o r  adjacent modules, w i l l  expose such surfaces. 

The above two electr ical .design requirements w i Z Z  ultimately be two 

of the requirements Zisted..as an.industry standard, e.g., a UL Stan- 

durd for Safety 'PhotovoZtaic Modules for Residential Applications - 
Flat Plate Type'. This standard will .reference any necessary t e s t  

methods needed for determination of compliance . 
'\, 

(3 )  Module E l e c t r i c a l  In ter face - Each module s h a l l  be provided w i t h  re- 

dundant output  termlnat ions.  . The p o l a r i t y  o f  each te rminat ion  s h a l l  

be c l e a r l y  marked i n  a permanent .and l e g i b l e  manner. The termina- 

t ions shal l provide redundant. con'nect ion  t o  the  module. i n t e r n a l  

c i  r cu i  t r y  ( c e l l  s t r i n g s )  and s h a l l  have. cur rent  hand1 i ng capabi 1 i t y  

compatible w i t h .  module sho r t  c i  r cu i  t r y -  cur rent .  I f  p i g t a i  1s are 

selected as the  output  terminat.ion, they s h a l l  be o f  s u f f i c i e n t  

length t o  provide in terconnect ion  w i t h  adjacent.modules. Output 

termi na t i on  redundancy i s  not .  a requi rement when d i  r e c t  module-to- 

module in terconnect ions c a p a b i l i t y  I s  provided. 

Redundant output temninutiuns may not be needed i n  aZZ applications. 

However, as t h i s  i s  a speci'fic .specification used by JPL for i t s  

PY R&D procurement . program, t h i s  requirement i s  Zegit5mate. Po Zarity 

marking wi Z Z  be included i n  an indus.tpy. standard. as  will circuitry 

current carrying capabi' Zities.. 



(4)  Ce l l  S t  r i n g  ' C i  rcu5f Re 1 I#ii 1 Fty/Redundaricy 

C i  r c u i  t redundancy features- sh.al 1 be Incorporated where c0s.t effec- 

t i v e  t o  enhance the  re l i 'ab i l i . t y - .and manufacturi:ng y t e l d  of completed 

modules. Design fea tu res  may Pnclude, but are not. 1 fmi'ted t o  the  

fo l l ow ing :  

(a )  Redundant in terconnect  ions.  between s o l a r .  c e l l s ,  5ncl.udi'ng 

redundant c e l l  attachment po?ri ts 

(b) Ser ies /para l le l  interconnection:of.cells w i t h i n  the  module 

(c) l n teg ra l  bypass dfodes ,w,i t h f n  each module 

The .decision t o  incorporate, redundancy. features s h a l l .  be based on the  

expected percent. improvement i n  l i . f e t ime /y ie ld  and replacement cost 

as .contrasted w i t h  the  percent increase i n  module cost /wat t .  SerPes/ 

p a r a l l e l  c i r c u i t  ar.rangements.;. when used, s h a l l  be designed so t h a t  

"hot-spot" c e l l  heat ing  does not  lead t o .  f u r t h e r  module degradation 

under worst-case-single-ce1.l-fai l u r e  c0nd.i t i o n s .  def ined as f o l  l,ows: 

(a) The module output  i s  shor t  c i  r c u i  t e d  

(b) A s i n g l e  representat ive s o l a r  c e l l  i s  open ci .rcu' i ted t o  repre- 
sent' a sing1.e c e l l .  f a i  l u r e  

2 
(c) The inc ident  i r rad iance i s  100 mW./cm., AM1.5 

. . 

(d) The thermal boundary cond i t ions  are adjusted.  so t h a t  the 
equi 1 i b r i  um s o l a r  c e l l .  temperature outs'i de o f  . t h e  hot-spot  
region i s  equal t o  NOCT + 20'~. 

This requirement should not be necessmy since the manufacturer 
, , 

should s tr ive t o  produce a reliable module in m y  manner k chooses. 

The r e l i a b i l i t y  t e s t s  established i n  t h e  industry standard w i l l  pro- 

vide adequate incentive t o  incorporate ~ e l i a b i l i t y  i n t o  the module 

design. 

C. MECHANICAL DESIGN REQUIREMENTS 

The mechanical design o f  t h e  module s h a l l  meet the  fo l lowing requirements: 

( 1 )  ' M o d ~ l e ~ e o m e t r y  - To meet the .array/syst.em requirements f o r  mounting, 

each module s h a l l  meet the envelope., mechan t c a l  and In ter face requi  re-  

ments s p e c i f i e d  by an tnter face Control  Drawtng t o  .be prepared by 

the manufacturer.contrac.tor, p rov id ing  as a minimum the fo l l ow ing  

information. 

(a) Maxi mum envelope di'menstons and tolerances. 



(b) Locat ion and con f igu ra t i on  of output  terminat ions 

(,c) Mounting .hole o r  at.tachment prwis:ions:., dimensions, and t o l e r -  
ance 

(d) I 1 1 umi nated (act i.ve). surface dimensions and shadwlng o r  v iew 
angle cons t ra in ts  

(e) Nominal e l e c t r i c a l .  performance (:P ) 
av9 

[ f )  Maximum . weight . 

( g ) .  Dimensioned cro3s-sect ional v iew through c e l l s  and terminat ions 

(h) Drawing o f  roo j - top ,  i n s t a l l a t i o n  showing i n t e r f a c e c o n s t r a i n t s  

( i )  D e t a i l s  o f  l abe l i ng  and i . d e n t i f l c a t i o n  

T o . a l  law f o r  convenient .handl.?ng and t e s t i n g  of  modules, no i n d i v i -  

dual panel modu'le s h a l l  'exceed '1.2..meters. x 1.2 meters (47.244 i nches 

x 47.244 inches). Shingle .modules. s h a l l  be si.zed such . tha t  an i n t e -  

g r a l  number o f  modules w i l 1 , f i t  e f f i c i e n t l y  on a 1.2 m x 1.2 rn 

mounting s t ruc tu re .  

The s i ze  r e s  tyrict3on. i s .  speei f i c  t o  t h i s  speci fi.ca&ion o n l y  and . 

should be so indicated. .If it. i s  not the in t en t  of  J'PL t o  limit s i ze  

and 2h& s ize  res t r ic t ion  re la tes  only t o  standardized tes t ing,  tha t  

should be so indicated. . 

I n te rchangeab i l i t y  - A l l  modules from a given manufacturer s h a l l  be 

p h y s i c a l l y  and f u n c t i o n a l . 1 ~  interchangeable. Tolerances on . a l l  ex- 

t e r n a l  module dimensions s h a l l  be maintained a t  a l e v e l  cons is ten t  

w i t h  module i n te rchangeab i l i t y ;  Surfaces, mounting h o l t e s ,  and any 

attachment hardware .as.sociated w i t h  the attachment in ter faces,  s h a l l  

be maintained w i t h i n  tolerances s p e c i f i e d  i n  the i n t e r f a c e  con t ro l  

drawing. 

Opt ica l  Surface Soi 1 i ng  - The i 1 luminated o p t i c a l  sur face(s)  o f  the  

module s h a l l  be smooth, and genera l ly  f r e e  o f  p ro jec t i ons  which 

could promote entrapment . o f  dust and o the r  debri's. P a r t i c u l a r  

a t t e n t i o n  s h a l l  be. given:to s e l e c t i o n  o f  ma te r ia l s  f o r  the  o p t i c a l  

surface(s.) which w i  1 1  minimi..ze the accumulation o f  nonremwable 

contaminants, p a r t i c u l a t e  mat.ter and s ta ins ,  and w i l l  promote s e l f -  

c leaning by na tu ra l  pfocesses such as.w?nd and ra in .  

This  requirement i s  not necessary as it wCZZ be to. the quali'fied 



r n a n u f a c t ~ e & ~ s  advantage t d  .;minimize soZZing so as t o  matcimLze 

modute output' over time. 
. . . . . . . . . . . . . , , . . , . , . . , 

'Mod~jle. 'LaBel ;rig 'ar id '  lder i t i f . icat , ion -,Each module .sh.al l  be ? d e n t i f  i e d  

I i n  a permanent and l e g i b l e  manner 'wi th s u i t a b l e  l abe ls  o r  markings 

I1 specifyi,ng the  manufacturerl.s module model number (or .drawing) and 

I rev is ion ,  sequent ia l  s e r i a l  number, year and week of .manufacture, and 

I ; maximum sjlstem operat7ng:voltage f o r  which the module i s  designed. 

I Addi t iona l  in format ion  may rnclude the.Nomina1 Operating Voltage and 

I power o f  the  module. The' po la r i ' t y  of. each e l e c t r i c a l  te rminat ion  

I s h a l l  be marked . in  a.permanent and l e g i b l e  manner i n  a p o s i t i o n  

I ' . wh-ich i s  v i s i b l e  when acce'ss'int~ ,'the ' e l e c t r i c a l  terminat ions' . ' in a 

I completed ar ray . ,  

D. ENVIRONMENTAL DESIGN REQUIREMENTS 

I Environments t o  be considered i n  assessing poss ib le  degradation o f  module 

e l e c t r i c a l  performance and p roper t i es  inc lude:  s o l a r  exposure ( p a r t i -  

I c u l a r l y  UV).; thermal conditions,' i nc lud ing  f reez ing.  and thawing; e f f e c t s  o f  

I wind, ra in ,  snow, ice ,  ha'i 1; s l a t  mis t ,  and atmospheric oxidants; dust and 

I debr is  accumulation, espec ia l l y  nonremovable s t a i n s  o r  contamination; and 

I dynamic loading e f f e c t s  o f  wind, snow and h a i l .  As a minimum, t h e  module de- 

1 s ign  s h a l l  be capable o'f withstanding exposure t o  the  f o l  lowing ' t e s t  envi ron- 

mcnts :' 

( 1 )  Thermal c y c l i n g  f r o m  -40' t o  +go0 per the t e s t  procedure i n  Sect ion 
. . 

V, paragraph A. . . .  
(2) Humidity per  the  t e s t  procedure i n  Sect ion V, paragraph B. 

Mechanical c y c l i n g  loading per the.$est  procedure i n  Sect ion V, 
paragraph C.   he t e s t  load leve l  shal l be + I .  7kPa (535 pounds per  
square foo t ) .  Th is  t e s t  i s  app l icab le  on ly  t o  panel type modules. 

wind ' resistance t e s t . p e r f t h e  ptbcedure i n  Sect ion V ,  paragraph D. 
Shingle, type modules o n l y s h a l l  be capable o f - w i t h s t a n d i n g  a t 2 s t  
l e v e l  equ iva lent  t o  an up1 i f t  loadi,ng of . I  .7 kPa (35 pounds l f t  ) 

Twisted mounting sur face o f  20 mm/m (1/4 i nch  per foo t )  per t h e  t e s t  
procedure i n  Sect ion V, Paragraph E. ' 

I ( 6 )  Hai 1 'impact per  the t e s t  procedure ,fn. Sect ion  V; paragraph F. The 
module s h a l l  be. capab 1.e of wtth3tanding 20.Q. nm. (3 /$  inch) di.ameter 
hai  1 s to,ne, Pmpact. . . . . 

,422 of the 'above are t e s t s  wfiich w i Z Z  be incox=+porated i n t o  the industry 

standards document (See. l ' IB2  C m e n t a q l  . I t  would be . legitimate t o  in-  



dicate here the requirement t o  meet, for exanpze, UL Standard No. X X ,  any 

ZeveZ of testing, and Zist any e e a s  where the {ndustry standavds must be 

exceeded. 

Howeve?: it must be noted that thicipdocwnent i s  meant to  be a p r o m e m e ~ t  

specification. rt cannot 6e ' q h a s i z d  ehough that.  an .industry standard 

would not impose brord based &imum requirements. On t h e  other ?md ,  . 

from a marketing standpoint,. we,may ucmt. a singZe,moduZe design that 

satisfied a ssgnificant. percentage.. of the market. The . 3 / 4  inch : require- 

ment does that for the U.S. m tact ,  t o  satisfy 90% of the U.S. hail re- 
quirements would require a . I%.  - l%.inch ha{Z requirement. Note, heever,  
module designers and manufacturers should be g-iven the opportunity t o  

build moduZes under the above menti.oned .specifications i f  his desire i s  

t~ penetrate the 10%-20% of the market which .does not impose such s t r ic t  

requirements. 



. ,  SECTION 1 1 1 .  

CHARACTER I ZAT I ON, QUAL I,F I CAT I ON AND ACCEPTANCE REQU t REMENTS 

A. PERFORMANCE CHARACTERIZATION TEST REQUIREMENTS . 

I The tes ts  included in .  t h i s  sectton w t l 1  be perfonned t o  characterize the 

module e l e c t r i c a l  and thermal performance. . The charactertzat. ion t es t i ng  wi 11 

be performed i n the sequence shown i n  the f lawdiagram i n  F,?gure 3-1. 

( 1 )  Determination o f  Nominal.Operattng Cel l  Temperatu.re - For purposes of 

provid ing a measurement o f  module performance tha t  i s  representat ive 

o f  the ant ic ipated t e r r e s t r i a l  app l ica t ion,  a l l  module performance 

measurements sha l l  be referenced t o  the Nominal Operating Cel l  

Temperature (NOCT). NOCT i s  defined as the average c e l l  temperature 

i n  the module under ambient condi t ions equivalent t o  the Standard 

Thermal Envi ronment . (sTE) . The Standard Thermal Envi ronrnent i s 

characterized by 100 rnw/cm2 inso la t ion,  ambient a i  r temperature o f  

20°C, average wind ve loc i t y  o f  1.0 m / ~ ,  w i t h  the module i n s t a l l e d  i n  

an open-f rame assembly. E l e c t r i c a l  output terminat ions are open- 

c i rcu i ted.  Actual c e l l  temperatures sha l l  be taken a t  condit ions 

approximating STE i n  order t o  ob ta in  the so la r  c e l l  NOCT. The ap- 

proved techniques f o r  performing the NOCT character izat ion t es t  are 

included i n  Appendix A. 

A s  previously stated,  the detemninution of NominaZ Operating Cell 

Temperature should bo a STANDARD .METHOD 'OF. TEST FOR NOMI ~ A L  OPERATING , 

CELL TEMPERATURE and referenced a s  such.. .By using t h i s  procedure the 

above can be eiiminuted in.  an industry specification by refe&ng t o  

e . g . ,  ASTM XXXX. Also rieceseury i s ' a  def ini t ion s ic t ian  including 

a l l  terms requiring such i n  the eecificai%bn .doa&ent.' 

l n i  t i a l  E l e c t r i c a l  Measurement - An apl?ropri.ate s i ze  sample quan t i t y  ' .  

o f  the prototype' modules: w5.11 be .used t o  ,determ'?,ne-'in5 t.i'a1 e l e c t r i c a l  

performance pe.r Sect i o n  IV., 'phyagraph A. ~easurements . sha l l  be . . 

referenced t o  the N ~ C ~ d e i & d n & d  per par,igraph: 1.1 l ..A. 1 ;  and a t  

Nominal Operating Volt,age v . I q  a d d l t i o i  t o  obta in ing an i n i t i a l  

I -V ' cha rac te r i s t i c  curve f o r  each module.at SOC, the average output 



power (.P ) a t  nominal operat tng vpl t,age shql 1 be ca l cu la ted  from 
avg 

measurements of a 11 prototype samp16s. tes.ted, -When. th.ese . e l e c t  r l c a l  

measurements are t o  be made. a t  cond i t ions  o ther  than SOC, the .  tem- 

perature cor rec t ion .  coe f f?c ten ts  required t o  co r rec t  measurements t o  
. . 

NOCT s h a l l  be prev tous ly  determined ?n.accordance w i t h  Appendix 5 .  

B. DESIGN QUALlFlCATlON TEST REQUIREMENTS 

Th is  sec t i on  s p e c i f i e s  the minimum t e s t s  tha t .  s h a l l  be performed i n  order  

t o  v e r i f y  t h a t  the modules w i l l  s a t i s f y  the design requirements o f  thSs speci- 

f i c a t i o n  and p t  provide confidence t h a t  prodeiction.modules w i l l  f unc t i on  w l t h i n  

the  speci f ied' performance requi rememts: :,Plodules. shal l be mounted on r i g i d  

s t r u c t u r a l  t e s t  frames sfrnulatTng t h e  se lec ted mounting in ter face.and c o n f i -  

gu ra t i on  fo r  a l l  design q u a l i f i c a t i o n  tes t i ng ,  The.mounting arrangement s h a l l  

be representa t ive  o f  the  roo f top  i n s t a l l a t , i o n  shown on the  manufacturer 's 

I n t e r f a c e  Control  Drawing. Modules s h a l l  be provided w i t h  s u i t a b l e  thermo- 

couple o r  c i r c u i t  mon i to r ing  ins.trumentation. As a minimum, t h e  f o l l o w i n g  

qua1 i f  i c a t i o n  t e s t s  s h a l l  be performed i n '  the orde'r described below.   or 
, c l a r i f i c a t i o n ,  the  t e s t  sequence I s  shown I n . t h e  f l ow  char t  ( ~ i g u r e  0'11-1). 

( 1 )  Ground Con t inu i t y  Test - Each module having exposed ex te rna l  con- 

duc t ive  surfaces (i.e., frame o r  s t r u c t u r a l  members) s h a l l  be 

tes ted  using a s u i t a b l e  c o n t i n u i t y  t e s t e r  t o  v e r i f y  t h a t  e l e c t r i c a l  

c o n t i n u i t y  e x i s t s  between a l l  such surfaces and the  module grounding . ~ 

po ia t .  The maximum res is tance t o  ground s h a l l  be 5'0' m i  l1.iohms. 
i 

As with other t e s t s  t o  be performed i n  PV rnoduZes t h i s  t e s t  w i l l  

ultimately be part o f  the industry standard and there should be no 

need t o  specify it ij'? c@Ziance &th the Stimdard for. Photot9oZtaic 

Flat Plate Modules i s  specified. 
. . 

( 2 )  E l e c t r i c a l  I s o l a t i o n  Test - Each module s h a l l  be subjected t o  a 

'H i -PotD t e s t  conducted w i t h  the output  terminat ions short -c i , rcu i ted,  

Test leads f ron a suit t a b l e  dc vo l tage power supp1y:shal l be connected 
e .  

w i t h  the  post t i  ve lead on the ter lninals and' tbe' . nega:t . i v e  lead on the  

. . module gro'unding stud. . . . ' ,  . . . . 

I n  the  case o f  modules not  requ i red  t o  prov ide  a grounding . . stud, the 
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mounting s t r u c t u r e  s:hall be used as the  Second. t e s t  poi'nt, Yo1 tage 

s h a l l  be app l ied  a t  a r a t e  not, t o  exceed .5QO.V/iec up t o  the t e s t  

vo l tage o f  1500 .Vdc, and then he ld  a t  the re.qui red t e s t  v o l  tage f o r  

1 minute. The nodule sha l l .  be observed dur ing  the  t e s t  and there  

s h a l l  be no . s . lgns o f  arci'ng o r  :ft iashwer. .... Leakage cur rent  s h a l l  be 

monitored duri'ng . . t he  t e s t  and, s h e l l  no t  exceed.50 microamps-. 

This t e s t  i s  similar t o  the ground continuity t e s t  i n  thut it w i l l  

also be included i n  an industry standard for mmodules .  

( 3 )  Bas,eline E l e c t r i c a l  Measurement - Subsequent t o  assembly i n  the  

s t r u c t u r a l  t e s t  frame, each:module s h a l l  be remeasured t o  e s t a b l i s h  

a basel ine e l e c t r i c a l  output  power which w i l l  serve as the comparison 

value f o r  determinat ion o f  the e f f e c t s  o f  q u a l i f i c a t i o n  t e s t i n g  on 

e l e c t r i c a l  performance. The measurement s h a l l  be made per Sect ion 

I V ,  Paragraph A. 

This i s  not necessary i n  a .future industry specification, fie t e s t  

may be performed and.will  be Zisted i n  the PV Module Standard Quali- 
' 

fication Procedure. 

(4)' V isual  Inspect ion - Each module s h a l l  be v i s u a l l y  inspected t o  obta in.  

a basel i ne i dent i f i cat  ion  o f  the presence o r  absence. o f  any defect's ' ' 

i n  t h e  module f o r  purposes o f  detect  i ng any changes f o l  lowing envi  1- 
onmental exposure. Per t  i nent sect.ions o f  t he  appl i cable acceptance/ 

r e j e c t i o n  c r i t e r i a  o r  workmanship s p e c i f i c a t i o n  s h a l l  prov ide a 

guide f o r  t h i s  inspect ion.  

In a future industry.  specification, these inspection procedures will 

occur only on those modules sent t o  a qualif ied independent tes t ing 

laboratory such as. UL. This  process w i l l  take place with the base- 

l ine  e Zectrical t e s t  ..prior t o  qualif ication . t es t ing  for module 

compliance t o  e s t d t i s h e d  standards for P'V Modules. 

(5) ' Envi ionmental 'Tests - Each module s h a l l  be subjected. t o  the  f o l  lowing 

exposures. Module e l e c t r i c a l  performance measurements and 'v isua l  



inspecti 'on s h a l l  be c0nducte.d a f t e r  each exposure, The t e s t s  sh.a l l  

be conducted i n  th.e order  ind ica ted:  

(a) The ma 1 cyc l  i n g  t e s t  I 

(b) Humidity c y c l i n g  t e s t  

(c)  Mechanical cyc l tng  t e s t , . l f  appl i .cable 

(d) Wind res is tance t e s t ,  i f  .appl i cab le  
* - I  

(e) Twisted mounting. sur face t e s t  

( f )  Hai 1 impact t e s t  

I 

These t e s t s  would only fie specified i f  not previously specified i n  

the PV Standards Docurnent ; In.. a specification values. can be speci- 

fied i f  they exceed m i n i m  values as stated i n  the Standards Docu- 

ment. . . 

( 6 )  Q u a l i f i c a t i o n  Pass/Fai 1 C i i  t e r i a  - The output  power degradation o f  

each tes ted module determfned a f t e r  completion o f  a l l  q u a l i f i c a t i o n  

tests,, s h a l l  not  exceed 5 percent o f  t he  basel ine e l e c t r i c a l  pe r fo r -  

mance determined per Sect ion I l l ,  paragraph. B.3. The module s h a l l  

pass t h e  e l e c t r i c a l  i s o l a t i o n  t e s t  when.retested a t  completion o f  

q u a l i f i c a t i o n  tes ts .  There s h a l l  be no occurrence of open c i r c u i t  

o r  sho r t  c i r c u i t  cond i t ions  dur ing t e s t s  i n  which the  module c i r -  

c u i t r y  i s  instrumented. The a l lowable l eve l  o f  such observable 

cracks o r  o the r  mechanical degradation (such as delaminat ion o f  

coat ings)  s h a l l  be determined .by the  JPL-approved manufacturer 's 

module acceptance t e s t i n g  plan. Acceptable.performance under the  

qua1 i f i c a t i o n  t e s t i n g  requirements. i s  a p r e r e q u i s i t e  f o r  JPL approval 

o f  the  module design. 

In a future industry specification, degradation values ccwt be 

specified i n  the event the degradatim value i s  Zess than the rncmi- 

mwn degradation allowed by  a future industry standard for PV modules. 

The tes t  procedure and sequence of t es t s  w i l l  be established i n  the 

standards document. Should special sequencing of t e s t s  be desired it 

may be indicated. 



Module acceptance sha l l  be bared on meeting the Pollowtng . . requirements: 
. .  . . . .  . . 

( 1 )  E lec t r i ca l  Performarice : Each.nodu1.e sha l l  be measure2 t o  deteymi,ne 

i t s  'current-vol t,age. cbaracter?s:t i.cs ('I-v curve). ~6as.uiement sha l l  

be made in'accordance wtth-paragraph A of Sectton I V . .  No module 

sha l l  be accepted f o r  del i ve ry  whi.eh .:p roduces less .than 90 percent 
. . 

o f  the average module.output power (P 1. under Standard Operating 
w9 

Conditions. 

( 2 )  E lec t r i ca l  l so la t ton  - ~ach'module sha l l  be .subjected t o  a j500 Vdc 

Hi-Pot t es t ,  per..Sect ion I I I . ,  Paragraph. B. 2, t o  assure adequate 

e l e c t r i c a l  i so la t  ton f o r  sa fe ty  o f  operattng personnel a t  system 

operating voltages. 

(3) Mechanical and Visual .Inspect ion .- Modules sha l l  be mechanical l y  and 

v i sua l l y  inspected, on the basis o f  c r i t e r i a  developed by the manu- 

fac turer ,  and approved by JPL, def in ing acceptable/rejectable leve ls  

o f  workmanshi p and .qua1 i ty. . . 

m e  above three acceptance requ.irements are, good e'xanrpZe8 of spec"i- 

f ication requirements. . . 



SECTION I V  

PERFORMANCE MEASUREMENT PROCEDURES 

A. ELECTRICAL PERFORMANCE ' 

E l e c t r i c a l  performance measurements. s h a l l  be referenced t o  Standard Oper- 
2 

a t  i ng Conditions (SOC) as def ined as I 0 0  mW/cm AM1.5 i . r rad i  ance, NornI na l  Oper- 

a t i n g  c e l l  Temperature (NOCT). A l l  procedures, equipment, standard; r e l a t e d  t o  

measurements s h a l l  .conform t o  the  l a t e s t  rev i s ion  of NASA .TI1 73702, T e r r e s t r i a l  

Photovol t a i  c Measurement Procedures. A .reference c e l l  which has spect,ral .. . . . 

response representat ive o f  t h e , c e l l s  i n  the module s h a l l  be the  on ly  i r rad iance  

reference used. Secondary standards o r  t rans fe r  modules s h a l l  no t  be used. 
. . 

To provide fo r  e f f i c i e n t  module t e s t i n g ,  module e l e c t r i c a l  pe,rformance may 

be based on measurements made a t  e i t h e r  Standard Operating Condit ions (SOC) ov 

a t  Optional Test Condit ions (OTC) def ined as 100 mw/crn2 i rradiance, and a c e l l  

temperature o ther  than NOCT. 

1. Module Output Power Measurements a t  SOC 

when module performance i s  measured a t .  SOC, the output  power of I ndi - 
v idua l  modules s h a l l  be ca l cu la ted  as the  product o f  Vno (15.0 Vdc 

unless otherwise spec i f i ed )  and the  module cur rent  taken f rom the 

I - V  c h a r a c t e r i s t i c  curve a t  V : 
no 

P = V  
no ' soc ( 1 )  

where 

V = Module nominal opera t ing  vo l tage a t  NOCT 
no 

soc 
= Module cur rent  a t  NOCT and Vno 

2. Module Output Owner Measurements a t  OTC 

When module performance i s  measured a t  Optional Test Condi t ions (OTC) 

the i n d i v i d u a l  module output  power must be determined by a p p l i c a t i o n  

of appropr iate temperature correct i 'on coe f f i c i en ts  t o  the  vo l tage 

and cur rent  data obtatned from the  OTC 1-V c h a r a c t e r t s t i c s  curve. 

Under these condi t ions,  the module output.power i's ca l cu la ted  d i r e c t l y  

f rom: 

P = 'no ("OTC + A I )  



where 

OTC 
= Current a t  T .from OTC t-V.cur,ye 

QTC 

I = Current temperatu.re cor rect  ion, 'amps. 

I 
= Vol.tage po in t  on. OTC I - V  curve 

\.  

V = Voltage temperature. correct ion,  v o l t s  

" Cv cTNoCT - TOTCl 

. 
= Woltage temperature.coefficient, v o l t s / O ~  

T~~~~ = ~ r e d e t e r n i n e d v a l u e o f  NOCT 

T~~~ 
= Selected opt ional  test . temperature 

Determination. o f . t h e  temperature coef f i .c ients  sha l l  be accomplished 

by the method described in Appendix B. 

Al ternate  temperature cor rect ion procedures. such as t ha t  provided by 

computer control?ed ~ a , r g e - ~ r e a  Pulsed .Solar Simulator (xenon source) 

may be used i f approved. by JPL. 

This t e s t  procedwe, NASA TM 73702, Terrestrial PhotovoZtaic Measure-. 

ment Procedures, shouZd be adopted as. a standard method of t e s t .  

ThZs wiZZ eZiminate the need for dupZication as a t e s t  nwnber UASA 

TM 73702 can. be .specified. I 

! 



SECT! QN \I 

TEST PROCEDURES 

m o  approaches can be taken t o  evazuate FV modules. Fi'rst,. a t e s t  .method 

(procedure1 can be developed t o  assure unifomn tes t ing  of a l l  PV modules. 

Evaluation can then be done with respec t ' to  the t e s t s  cmd the speci$ic:moduZe 

app lication. Or secondly, speci f ic  and s t r i c t .  values can be specified which 

the module must adhere t o  when.undergo<ng the es.tabZished t e s t s .  

L 

Typically, the f i r s t  appro&h c& be undertaken when. standards have been estab- 

lished and an independent laboratortj carrie.s out the test ing of the products. 

The second approach i s  used more of ten when a product i s  i n  i t s  infancy and 

standards have not been developed. This approach,. however, i s  limited t o  

specification on a job by job or .  a t  most a region by pegion basis, not on a 

catch a l l  basis where the most severe requirements throughout: the country are 

included i n  the specification. . . 

A. THERMAL CYCLING TEST PROCEDURE 

The module s h a l l  be subjected t o  the  thermal c y c l i n g  procedure per  F igure  
0 \I-1, cons i s t i ng  o f  50 cyc les w i t h  the c e l l  temperature vary ing  between -40  C 

Figure V - 1 .  Thermal Cycle Test {Shorter cycle time is accep table 
i f  100°c/hr m a x i m u m  rate of temperature change is not 
exceeded. Chamber may be opened a t  25 cycles for . 
visual  inspection.) 



and 90°c. The temperature sha l l  vary  approximafely l i n e a r l y  with. time a t  a 
0 r a t e  not  exceeding 1 8 0  C .per hour and v i  t h  4. per iod not . . greater  than 6 hours 

per cycle (Prm ambient t o  -40'~ t o  +90'~ toambient .  The..module c t r c u i t r y  

sha l l  be instr i~mented and monf tored throughout. the.  t e s t  t o  ~ e r l  fy tha t  no 

open c i  r cu i  t s  o r  short  c i . rcu l  t s  'occur durSng. the expos:ure, 

B. H U M I D I T Y  TEST PROCEDURE 

The module sha l l  be subjected t o -  the humidi ty.  cycl  ing procedure per Figure 

V-2. The module sha l l  be tested I n  ,the. open ci. r cu i  t. condi.tion, but w i t h  t e r -  

minations protected from water condensation.. ' E l e c t r i c a l  .performance tes t ,  per 

paragraph I V . A ,  sha l l  be performed w i t h i n  one.hear a f t e r  removal from the humld- 

i t y  chamber, o r  w i t h i n  another mutual ly  agreed-upon time pertod i f  the t es t i ng  

i s subcont ract'ed. . 

~ o t h  the temperatwe cycling tes t  and the hwnidity . t e s t  w i l l  be included i n  

the industry standards and w.iZZ be used to  evaluate designs of modules. These 

t e s t s  will  establish infant mortality i n  moduies and help eZiminate designs 

which are prrme t o  such degradation. 

a' 

C. MECHAM I CAL .CYCL ING TEST PROCEDURE 

Panel type modules sha l l  be.subjected t o  a cycl" i . load t es t  5n which the 

module i s  supported on ly  a t  the destgn suppo,rt potnts and a uniform load 

normal t o  the module surface T5 cy.cled 30,OQO times i n  an. a l te rna t ing  negative 

and pos i t i ve  d i rec t ion.  cy=le ra te  sha l l  not exceed 20 cycles/minute. The 

24 24 24 14 ---ate-- 241 24 ---+ 24 --or 
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Figure V-2 
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module c i  r c u i  t r y  s h a l l  be instrumented t o  v e r i f y  t h a t  no open ci, r c u i t r y  o r  

shor t  c i  r c u i  t s  'occur d u r i n g .  t he  tes t .  JPL Document . '51~1-.19 ~"Cycl t c  Pressure 

Load Develop.menta1 Test ing o f  Solar Panels!', ~ e b r i a r i  ,7977, describes tech- 

niques s u i t a b l e  t o  the  performance of t h i s  tea t .  

This could be more simply stated by indicating standard method of t e s t  "Cyclic 

pressure- Load Deve lopmental Testing of So Zar Pane 2s ? JPI. Document 51 01 -1 9 i s  

t o  be used for test ing of mechanical cycling. This t e s t  should be established 

as a standaed upon verification of i t s  va l id i ty  as a degradation '&st. 

D. WIND RESISTANCE TEST PROCEDURE 

Shingle type modules s h a l l  be subjected t o  the wind res is tance t e s t  de- 

scr ibed by Underwri t e r s  Laborator ies, Standard UL 997, Latest  Revi s ion ,  "Stan- 

dard f o r  Wind Resistance Test ing  o f  Prepared Roof Covering Mater ia ls . "  The 

modules s h a l l  be subjected t o  a i r  f low equ iva lent  t o  laoding representat ive 
2 

o f  up1 i f t  fo rce  1.7 kPa (35 pounds/ft 1. The module c i  r c u i  t r y  s h a l l  be 

instrumented t o  v e r i f y  t h a t  no open c i r c u i ' t r y  o r  shor t  c i r c u i t s  occur dur ing  

the t e s t .  

h i s  i s  an example of an exis t ing testi,ng standard which can be direct ly  ap- 

plied t o  a speci f ic  PV module. Wind u p l i f t  t e s t ,  however, should not be re- 

s tr icted t o  shingle type modules. The module i t s e l f  i s  not of c r i t i ca l  con- 

cern ' in  a wind u p l i f t  t e s t  byt  the support fming/moduZe system i s  important. 

Similar t e s t  should be dmeluped for  a l l  module mounting types. 

E. TWISTED MOUNTING SURFACE TEST PROCEDURE. 

The module s h a l l  be subjected t o  a' t w i s t  t e s t  by d e f l e c t i o n . o f  the  sub- 

s t r a t e  t o  which i t  i s  mounted. The dev ia t i on  from a t r u e  f l a t  sur face dur ing 

the t e s t  s h a l l  be + 20 mm/m (:21/4 inch per foo t )  measured along e i t h e r  mounting 

surface as shown i n  Figure V-3. The module c i r c u i t r y .  s h a l l  be instrumented t o  

v e r i f y  t h a t  no open c i r c u i t s  o r  shor t  c i r c u i t s  occur .dur ing  the  d e f l e c t i o n  

t e s t .  

F. HAIL IMPACT TEST PROCEDURE 

The module s h a l l  be subjected t o  normal ' impact loading w i t h  20 mm (3/4 



Figure V-3.; Graphical Representation of "Twisted Mounting Surface" 
Requirement 

Points A, B, C,  D are . i n  a Plane 
Point A' 1s out of Plane the Amount Shown 



inch) diameter i c e b a l l s  t r a v e l  i:,ng a t  terminal ye1oci:ty of 2Q.I .m/s;ec (45 mph) 

s p e c i f i e d  s ize.  ~t 1east.th.ree di:fferent p ~ i : n t s  of i m b a c t  sh.411 be se lec ted 

t o  inc lude the t e s t  specimen's most sens t t l ye  exposed p o i n t ,  and each po in t  

w i  1 1  be s t r u c k  a t  l eas t  th ree t imes (a minimum o f  9 impacts). The most sen- 

s i t i v e  exposed poi n t  on a t e s t  .specimen must be determined experimental l y  

through des t ruc t i ve  . test i ,ng o f  a sample panel. l c e b a l l s  o f  38 m .'(I-1/2 i n )  

diameter s h a l l  be f i r e d  a t  candidate s e n s i t i ~ e . p o i n t s  w i t h  increasing v e l o c i t y  

u n t i l  the  panel i s  broken. ~ e v e r a l . d t f f e r e n t  p o i n t s  on the  panel should be 

broken, and the  p o i n t s  broken a t  the : lwest  v e l o c i t i e s  should be used f o r  sub- 

sequent tes t i ng .  

The candidate po in ts  selected should. inc lude (where app l icab le)  the  
. . 

f o l l ow ing :  

( 1 )  Corners and edges o f  the  module 

(2) Edges o f  ce l  l s ,  especia l  l y  around e lec t r ica .1  contacts 

(3) Po in ts  o f  minimum.spacing between c e l l s  

(4) Points o f  support f o r  any superstrate m a t e r i a l  

(5)  Po in ts  o f  maximum distance from po in ts  o f  support i n  (4) above 

Some s c a t t e r  i s  expected i n  h i t t i n g  a l oca t ion  on a module. Three repeated i m -  

pacts are requ i red  t o  ensure t h a t  a s e n s i t i v e  p o i n t  has been s t ruck .  E r r o r  

o f  up t o  13 rnrn (1/2 i n )  i n  the l oca t ion  h i t  i s  acceptable. E i t h e r  pneumatic 

o r  spr ing-actuated guns f o r  p r o j e c t i n g  the  i c e b a l l s  against the modules are 

acceptable. However, i c e b a l l  v e l o c i t y  - a t  impact must be c o n t r o l l e d  t o  w i t h i n  

+ 5 percent of terminal  v e l o c i t y  fo r . . t he  required ha i l s tone  s ize.  I ceba l l s  

s h a l l  be genera l ly  spher ica l  i n  shape w i t h  a maximum dev ia t i on  i n  diameter o f  

+3 mm (+1/8 i n . ) .  The i c e b a l l s  s h a l l  be c o l l e d  t o  - 1 0 ' ~  f 2 O ~  as measured i n  

the compartment where they are stored. The module s h a l l  be mounted i n  a manner 

representatFve of t h a t  used f o r  ac tua l  i n s t a l l a t i o n  o f  the module i n  the array.  

A f t e r  each impact, the module.shal1 be inspected f o r  evidence o f  v i s i b l e  damage. 

Note t h a t  i c e b a l l s  a re  the  on.ly acceptable ha i l s tone  s imula t ion .  Dropped s t e e l  

b a l l s ,  f o r  example, s h a l l  not  be used. 

@ i s  t e s t  shouZd also be adopted as a standard method of t e s t  used for tes t ing  

of PV moduZes. Ratings can be ass$ped' t o  each module tes ted ,  as. t o  the mmimwn 

s ize  hailstones resis ted during the t e s t .  Ih thZs wai. a desip2. / ' s@ecif ier  

can choose the module whi'ch best  su i t s  h is .  appZication. 



G .  FIRE RESISTANCE TEST 

I .  Tests fo r  Surface B u ~ n i n g  .Chdracteri's.t?.cs:.of Bui'l d ing .Nateri 'als,. UL . . 

723 w i t  1. be performed on .a1 1 .rnodules.thq.t;.. by . the? r  own s t r b c t u r a l  

qua1 i t y  o r  manner i n  wfilch. ?t is. 'appl led; ts: constdered a bui ' ld ing 

ma te r ia l .  . . 

2. Tests fo r  F i r e  Resistance of Roof. Covering. Materi 'als,. UL 790 wF.11 be 

performed on .a1 1 .modules: to;b'e used . .as. roo f .  cwer i .ngs,  ' 

These t e s t s  are examples of e;cisting standard methods o t  t es t  which 

should be applied t o  the testing o f '  PV modules. Fire rating can be 

determined as can t F R  amounts of and na-hue of any to&c fumes dis- 

charged during the bum process. 

H .  SALT FOG TEST 

Standard Hethod .o f  Sa1.t Spray (Fog] Test l ng  (ASTM 'BI 17) wi 11 be used and 

upon completion standard e l e c t r i c a l  t e s t s  sha1 l .be  performed. 

This standard t e s t  method can be .used on a l l  module des,igns and a rating 

procedure can fie established. t o  .establish design prone .to infant mortality, 

thus aZZdng the design specifier o f  PV,systems t o  choose the module 

most suited for his .  application. 

Included i n  Appendix C o f  t h i s  specification are other Cests and standards 

which are appZicabZe t o  PV modules i n  some applications, i. e., different 

mounting types have dif ferent  requirements and therefore may require 

speciaZ tests .  



APPEMDtX A 

DETERMIYATION 0F.NOMINAL OPERATING CELL TEMPERATURE 

The purpose of t h i s  t e s t  { s  t o  acqutre s u f f i c f e n t  data t o  a l l ow  an ac- 

curate determinat ion o f  the  nominal 'operat.9ng temperatures o f  t he  s o l a r  c e l l s  

o f  a t e r r e s t r i a l  s o l a r  a r ray  module. 

By d e f i n i t i o n ,  the  Nominal Operattng Ce l l  Temperature (NOCT) i s  the module 

c e l l  temperature under ope ia t fng  cohd i t i ons  i n  t h e  Standard ~ h e r m a l  ~ n v i r o & e n t  

(STE) which i s  def ined as: 
2 .  

I n s o l a t i o n  = I 0 0  .mW/cm 

A i r  Temperature = 2 0 ' ~  

Wind average v e l o c i t y  = 1 m/s 

Mounting = o r ien ted  normal t o  s o l a r  noon, open back 

E l e c t r i c a l  load " open c i i c u i t '  
. , 

The NOCT t e s t  procedure i s  based on bathering actual  measured c e l l  temper- 

a ture  data v i a  thermocouples. attached. d i r e c t l y  t o  the  c e l l s  o f  i n t e r e s t ,  f o r  a 

range o f  environmental cond i t ions  s imi . la r  t o  the  STE. The data are then pre-  

sented i n  a way t h a t  allows' accurate an.d repeatable ex t rapo la t i on  o f  the  NOCT 

temperature. 

2. DETERMINATION OF NOCT 

,.The temperature o f  the  s o l a r  c e l l ,  (T ) i s  p r i m a r i l y  a func t ion  o f  t h e  c e l l  
a i r  temperature (T ) ,  t he  average wind v e l o c i t y  (v), and the t o t a l  so la r  i n -  

a i  r 
s o l a t i o n  (L) impinging on the  a c t i v e  s ide  o f  the  s o l a r  a r ray  mbdule. The 

approach f o r  determining MOCT i s  based on the  f a c t .  t h a t  the  temperature d i f -  

ference ( T ~ ~ ~  ) i s  l a r g e l y  independent of a i r  temperature and i s  essen- Tai  r 
t i a l l y . l i n e a r l y  p ropor t i ona l  t o  the i n s o l a t f o n  leve l .  Analyses i n d i c a t e  t h a t  

I 

the  l i n e a r  assumption. i s  q u i t e  good fo r  i nso la t8on . leve ls  greater  than about 
2 40 mW/cm . The procedure c a l l s  Por . ,p lo t t  l ng  ( T ~ ~ ~  l-T 1 agains.t the i n s o l a t  i on  a!r 

l e v e l  f o r  a pe r iod  when wind condltFons are  favorable. .The MOCT 5s then deter-  
0 mined by adding Tai = 20 C t o  t h e v a l u e  of (Tcel l-Tal r) ex t rapo la ted f o r  the  

STE i n s o l a t i o n  l e v e l ' o f  100 mtr/cm2i 7.e.. NOCT - ( T ~ ~ ~ ,  -Talr) STE + 20'~. 

The p l o t  of (:TCcell 1 v s  L s h a l l  be determlned by conducting a minimum r 



of two f i e j d  tes ts  Sn which the module bei;ng characterized i s  tested: under t e r -  

r e s t r  i a l  envi ronmental condi t ions- app~ox lnate ing the STE i'n .accordance w i  t h  the 

testi 'ng guidel ines which follow,. Each tes t  sha l l  consiist of 'acqui:rtng . . a semi- 

continuous record o f  (:Tcel ,-Tat,.) over a o n e  o r  two day period, together w i  t h  

o ther   measurement.^ as requi red t o  charat ter ize  the t e  r re3 t . r ta l  envi'ronment dur- 

ing the t es t i ng  period. Acceptabledata sha l l  cons i s t  o f  measurements made 

when the average'wind v e l o c i t y  ii 1 m/S 20.75 m/s and'wtth gusts. less than 4 

m/s f o r  ,a per iod o f  5 minutes p r t o r . . t o  and..up t o .  the .ti'& of, measurement. . 

Local a i r  temperature duri,ng the t e ~ t . ' ~ e r t o d  sha l l  .not s i f f e r  by more than 5 ' ~  

and sha l l  l i e  i n  the range o f  2 0 ~ ~ ' * 1 5 ~ ~ .  Using only acceptable data as so 

defined, a p l o t  sha l l  be cons.trucfed .wh.i'ch defines the re la t ionsh ip  between 
2 * 

(Tee 1' 1 -Ta i r ) and the inso la t ion  leve l  [L) f o r  L 40 mW/cm . 

-T ) i s  p l o t t e d  as a funct ion W L f o r  average wind velo- When (Tce l l  a i r  
c i t i e s  less than 1.75 m/s, resu l t s  s im i l a r  t o  those shown i n  Figure A 1 are 

obtained. For the data shhun, the lcical a i  r temperature was 1 5 . 6 ~ ~ * 4 . 5 ' ~  and 

the wind speed var ied frotn zero t o .  less than 4 m/s w i t h  an average of' I m/s. 

Using . . the p l o t  of (Tcell-Tair) a t  STE 3s determined by ext rapo la t ing the aver- 
2 ageva lue  o f  ( T ~ ~ ~ ~ - T ~ ~ ~ )  f o r  L = 100 dW/cm . Using the data i n  Figure A-1 

as an 'example, (Tce l l  -T a i r  ) cit STE,is determined t o  b? 25.1°C. The prel iminary 

value o f  NOCT i s  thus 2 5 . 1 ~ ~  + 2b0c 7 4 5 . 1 ~ ~ ;  

3.  A I R  TEMPERATURE AND WIND CORRECTION 

A cor rect ion factor  t o  the p r e l  iminary NOCT f o r  average a i  r temperature 

and wind ve loc i t y  i s  determined from Figure A-1. This value i s  added t o  the 

prel iminary NOCT and corrects the data t o  20 '~  and I m/s. 
Tai r and are the 

average temperature and wind vCloc i ty  f o r  the t e s t  period. 

- 
For the t es t  data. shown i n  Figure A-1 , V i s  1 m/s and Tai i s  1 5 . 6 ~ ~ .  

From Figure A-2, the .  cor rect ion.  fac to r  i s  doc. The NOCT i s ,  therefore, 45. 1°c. 

4. TEST GEOMETRY 

a. T i l t  'Aliqle. The plane o f  the module sha l l .  be posi t toned so tha t  i t  

;\If the a i  r temperature v a r i e r  by more than ~ O C ,  the resul t t n g  e f fec t  appears as 
an increas9, in  t h e s c a t t e r  o f - t h e  p l o t t ed  data. As a resu l t ,  the data w i l l  be 
more d i f f i c u l t  . to f i t  and a les's.'icclarate r esu l t  i.s possible. 



0 
i s  ".orma1 t o . t h e  sun (+5 ) a t  so lar  noon. 

b. ~ ~ i g h t ;  The bottom edge o f t h e m o d u l e  sha l l  be 0.6m (2 f t )  or more 
. . 

above the loca l  hor izonta l  plane.or'.ground level .  

.. . . . 

c. Pariel.'Corifi.guration. The module sh.al.1 be located I n  . the i n t e r i o r  o f  

a 1.2 m x 1.2 m (:4 f t  x 4'  f t )  panel .des,?gned . t o  s tnu la te  ' the thermal boundary 

condi t ions o f  the. expected f i e l d . .  n s t a l  lation:. -..For..modules.. designed for  f ree- 

standing ; open back i 'nstal l a t  i..ons$ black; a l m ? . ~ u m  p la tes o r  otb.eP modules.'of 

the same .design sha l l  be used;. t o  f i 1.1 . i.n any remai'n.tng .open area o f  the panel 

surface. During . . testi,ng, . the panel shou1.d be supported i n  a manner which 

a l  lows normal cool i ng o f  the -rear'.surface. ' l n  . the case of niodules tha t  are not 

sel f-support i,ng o rh  have special mounting. character is t ics ,  such as shingle 

modules, the t es t  module sha l l  be .cent ra l ly  located Fn the panel and integrated 

w i t h  representat ive supporti,ng. s t ruc tu re  and. in ter fac ing modules t o  simulate 

. t h e  thermal boundary condit ions expected i n  f i e l d  appl icat ion.  

Figure 8-1. Typical Cell .Texnperature Data . 

. . 

d. SurioundingAiea. There sfia.11 be no o b s t ~ u c t ~ o n s  t o  prevent f u l l  i r -  

radiance o f  the module begtnnSng a rniri.tmum of . four hours. befo're sol.ar noon and 

up t o  four hours a f te r  so la r  noon.. .The,ground surrounding the module' sha l l  not 



I .  

AVERAGE AIR TEMPERATURE (Ti;) 
. *  

Figure 8-2. NOCT Correction Factor. . . 1 . .  . * 



have a h igh  s o l a i  re f lec tance and sha.11-be. f la t  and/or s1opi;ng . . away from the  

t e s t  f i x t u r e .  Grass and yari,ous types . . Q? ground covers, black.top, and d i . r t  

are reconmiended f o r  the  l o c a l  surrounding area. Bui.ldtngs having a. la rge . 

s o l a r  re f l ec t i ' ve  f i n i s h  s h a l l  no t  be 'present i n  the  immedi.ate v i c in i . t y .  Good 

.engineering judgement' s h a l l  b e e x e r c i s e d  t o  ensure t h a t  the  module i s  rece iv ing  

a.minimum o f  r e f l e c t e d  so la r  energy.from the surrounding area. 

e. Wind D i rec t ion .  The wi'nd s h a l l  not  be predominantly from due east  

o r  due west; f low p a r a l l e l  t o  the  plane o f  the  ar ray  i s  no t  acceptable and can 

r e s u l t  i n  a . lower- than-typical  operat ing ' c e l l  temperature. 

f. Module E l e c t r i c a l  Load. I n  order  t o  s i m p l i f y  tes t tng ,  data s h a l l  be 

obta ined f o r  a module open-c i rcu i t  condi. t ion responding t o  zero e l e c t r i c a l  

power output .  

5. TEST EQUIPMENT 

a. Pyranometer. The t o t a l  s o l a r  i r rad iance on the  a c t i v e  s ide  o f  t he  

module s h a l l  be measured by a pyranometer mounted on the  plane o f  the  module 

and w i t h i n  . 3  m (1 f t )  o f  the  array. The pyranometer used s h a l l  have a 

t raceable annual c a l i b r a t i o n  t o  a recognized standard instrument and s h a l l  be 

e i t h e r  (1 )  a temperature-compensated u n i t  which has less than + 1 percent de- 

v i a t  ion  i n  s e n s i t i v i t y  over the range -20°c t o  +40°c, o r  (2) a u n i t  which i n -  

corporates a temperature sensor and has a sens i t i v i ty - tempera ture  co r rec t i on  

suppl ied w i t h  i t s  c a l i b r a t i o n .  

b. Wind Measurement. Both the wind d i r e c t i o n  and wind speed s h a l l  be 

measured a t  the approximate he ight  o f  the  module and as near t o  the  module as 

feas ib le .  

c. A i r  Temperature. The l o c a l  a i r  temperature s h a l l  be measured a t  t he  

approximate he ight  o f  the module. The measurement s h a l l  be made i n  the  shadow 

o f  the module and s h a l l  be accurate t o  floe. An average loca l  a i  r temperature 

i s  desired. Th is  i s  obta ined s a t t s f a c t o r i l y  by increasing the  thermal mass 

o f  the  thermocouple by imbedding the  thermocouple i n  a solder  sphere of approx- 

imately  6 mm (1/4 in . )  diameter. The thermocouple must be appropr ia te ly  

shie lded and vented. 
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d. Cell'TempeiafJjre. The temperature QP a t  l eas t  two representat ive 

i n t e r i o r  so la r  ce 11s .s:hal 1 be measured t o  f lot.. . Th.6rmocouples s h a l l  be 36' 

I .ga,uge, and s h a l l  be soft-soldered d i r e c t l y  t o  the.back of . t he  c e l l s .  

e. Subst iate ~ ~ r f a ~ e ; ~ ~ r n p e i a t u r e .  . . The exterior temperature of t h e  tear  
0 

o f  the so la r  module sha.11 .be measured t o . . f l  C beneath a representa t ive  c e l l  

l and when p rac t  i ca l  beneath a representat  Pve. space.. betweeti :cel ls.  . .Thermo- 

I couples s h a l l  be 26 gauge, and s h a l l  be..bo@ed down.wtth aluminized epoxy 
. , adhesive o r  the equivalent .  

6. DATA RECORD1 NG 

A l l  data s h a l l  be p r i n t e d  ou t  approximately every 2 minutes. I n  add i t i on ,  

s o l a r  i n t e n s i t y ,  wind speed, wind d i . rect ion,  and a i r  .temperature s h a l l  be con- 

t i nuous l y  recorded. 
3 

7. CLEANING 

The a c t i v e  s ide  o f  the  s o l a r  c e l l  module and .the pyranometer. bulb sh.al l  

be cleaned before the  s t a r t  o f  each t e s t .  D i r t  s h a l l  not  be al lowed 'to b u i l d  

up; Cleaning w i t h  a m i l d  soap s o l u t i o n . f o l l o w e d  by a r i n s e  w i t h  d i s t i l l e d  

water has been proven t o  be e f f e c t i v e .  

8. EQUIPMENT CALIBRATION 

A c a l i b r a t i o n  check. s h a l l  be made o f  a l l  the  .equipment. p r i o r  t o  the 

s t a r t  of the tes t .  

This t e s t  should be adopted & . a  standard method o f . t e s t ing .  One section 

of t h i s  t e s t  must be rewfitten, however. Part 3 C m s t  be written i n  such a 

manner so as t o  aZZm for. the test ing.  and determination of NOCT for the fow) 

general mounting types. Purther,work must be done i n  t h i s  area t o  ensurae 

the proper evaluation. of NOCll so .  the. des,igner/spedfier can properly design 

the array. 



I .  PURPOSE 

The purpos+of t h i s  t e s t  7s- 't; determine the temperature co r rec t i on  coef- . 7'. : . . .  . 
f i c i e n t s  used I n ' t r a n ~ f o r m l n . ~  module elect$i .cal.  performance measurements made 

a t  Optional Test Condit,tons:to Standard Operati'ng .Conditions. 
. .: : =:' 

2: APPROACH 

A photovol t a i c  I - \ I  charac te r i s . t i c  curve obt.ained. a t  a given c e l l  tempera- 

t u r e  and a f i xed  i n s o l a t i o n  levelA can be.transformed by a point -by-point  

co r rec t i on  t o  an I - V  curve a t  a dl f . feren.t  temperature. For purposes of t rans-  
2 l a t i o n  from OTC toSOC the insolat i 'on.  i s . c o n s t a n t  at..100 mW/cm . The region o f  

the  I - V  curve o f  i n t e r e s t  i s  near the maximum'power po?nt .  The cur rent  and 

vol tage p o i n t s  on the SOC I - V  curve i s  near the maximum power po in t .  The 

cur rent  and vol tage po in ts .on  the.SOC.1-V curve can be obtained from the  

coordinates o f  a po in t  on the OTC.1-V curve w i t h  the fo l l ow ing  equations: 

where 

'OTC OTC are coordinates o f  a . se lec ted  p o i n t  on the  curve obtained 
a t  OTC. 

Vsoc ' I SOC a re .coord inates  o f  the  corresponding p o i n t  on the  SOC 
curve 

i s  ac tua l  c e l l  temperature, usual l y  NOCT, * ~ O C ,  dur ing  the 
SOC curve measurement 

i s  a c t u a l  c e l l  temperature, dur ing  the OTC curve rneasrJre- 
men t 

I 
0 

the cur rent  temperature c o e f f i c i e n t ,  expresses as amps/ C 

the vo l tage temperature coe f f i c i en t  , expressed as negat ive 
"01 ts/Oc' 

The values o f  C I  ans C V  are t o  be determined e m p i r i c a l l y  by a curve over lay 

procedure appl i e d  t o  I - V  curve measurements of a mSnDmum of 10 nodules w i t h  

c e l l  temperatures approximating both'OTC andSOC. The values df C ,  and C,, f o r  

t!le 70 rnoduizs w i  1 1  be avei:aged t o  es tab l  i sh mean values t o  be used i.ri ca lcu -  

l a t i n g  the power of product ion nodules, 



3. PROCEDURE 

To determine C I  and Cv,  the fo l lowing procedure.shal1. be used: 

(1) Ins ta l  1 the module t o  be tasted ?.n a temperqture cont ro l  led envtron-' 

ment. A f t e r  stalii.l,izEi;ng the .m.~dule :temperature. a t  the c e l l  tempera- 

ture  selected f o r  .OTC w i t h i n .  k2O.. obtain 'an. I -v' curve ?or OTC condi - 
t ions. Record t h e .  actual temperature C T ~ ) .  

(2) Repeat step (1 f o r  . SOC . bl t t i the..module. stabl.1 ?zed. a t  NOCT 32'~. 

Record the actual  temperature - ( T ~ )  . 

(3 )  On the curve obtained a t  SOC, mark two. po l  nts, .near . the maximum 

power po in t ,  and approximately equi-d istant  from. .it. For reference, 

these po in ts  should be<approximately a t  90% of I and 60% o f  VOC. 
SC 

(4)  Using a l i g h t  box o f  s im i l a r  equipment, superimpose the OTC curve 

and t rans la te  the curve rec ta l i nea r l y . un t i 1  the curves match c l ose l y ;  . 

a t  the marked points. Mark.the overlayed curve a t  the same points. 'r  ' . 

(5) Separate the curves. and .determime .the voltage ( V  SOC-'OTC ) . sh i f t s  ' re- 

quired t o  achieve the match. . . 

. . 

(6) Calculate the CI andC from the follaw'ing: v 

C i s  negative v 

(7) Determine the average values of C I  and Cv f o r  the 10 modules. 



APPENDIX C 

SPECIAL TESTS 

LOAD REQU I KEMEMTS 

Rack, s tandof f  and i n t e g r a l  l y  mounted modules wll l-.be requi..red t o  conform t o  

the "Bui l d i n g  Code kequirement fo r  Minimum Design Loads i n  Buildings and Other 
. .  . 

Structures' '  CANS I A58.. 1-1972). These.-requP rements.'are Tntended t o  govern 

assumpt'ions for .dead. , . . l ive and o the r . l oads  Pn the desfgn of b u i l d i n g s  and o the r  
\ 

st ruc tu res  which are subject  t o  bui ldi .ng code requirements.. . 'The 1,oads speci -  
. . 

f i e d  a re  the  minimum s u i t a b l e  f o r  use wi.th.s.tresses and load fac tors  recom- 

mended i n  cur rent  'design speci$7cat ~ o n s  f o i  comcrete,.. s t e e l ,  wood and o ther  
. . 

s t r u c t u r a l  .mater ia ls .  used i n  bui  ld ings.  

P LAST l C TESTS 

Modules w i t h  p l a s t i c  covers .should use p l a s t i c  tes ted using "Standard Recom- 

mended Prac t i ce  f o r  Outdoor Weathering o f  P las t ics" .  (ASTM ~4435-75).  This 

recommended p r a c t i c e  i s  intended t o  def ine  cond i t ions  f o r  t he  exposure o f  p las-  

t i c  ma te r ia l s  t o  weather and i s  l i m i t e d  t o  the method by which the  mater ia l  i s  

t o  be exposed and the general procedure t o  be f o l  lowed. I t i s .  intended f o r  . 

use w i t h  f i n i shed  a r t i c l e s  o f  commerce. Weans. of eva luat ion  o f  the  e f f e c t s  o f '  

weathering w i  11 depend upon fhe intended usage o f  the t e s t  m a t e r i a l .  For 

p l a s t i c  w v e r  mater ia l  the eva luat ion  standards w i l l  i r .~clude,  but are not  

l i m i t e d  to :  

D' l  003 Methods o f  Test f o r  Hate and Luminous Transmittance o f  

Transparent P l a s t i c s .  

D l  746 Method o f  Test f o r  Transparency o f  P las . t i c  Sheeting 

D495 Method of Test f o r  High-Voltage, Low-Current Arc Resistance 

o f  S o l i d  E l e c t r i c a l  l n s u l a t l n g  Mater ia ls .  
. . 

Modules which u t i l i z e  p l a s t i c  c w e r . p l a t e s  should be tes ted or the  cover mat- 

eria.1 should be tes ted f o r  i t s .  res is tance t o  marr ing. "Mar Resistance o f  

P las t i cs ' '  (ASTM ~ 6 7 3 )  and 'Standard Test Nethod. f o r .  Res i stance o f  Transparent 

P l a s t i  cs t o  .Surface Abrasion" (ASTM . '~1044)  are  two. t e s t  methods which cover 

the determinat ion o f  res is tance o f  p l a s t r c s  to . su r face  marr ing  caused by 

fa1 1 ing  and surface abrasion, respect ive1 y. These t e s t s  should, g i ve  i n d i c a t i o n  

o f  the  p l a s t i c  cover 'mater?a l% abi.1 t t y  t o  perform over long periods- o f  'time i n  



environments i n  which a i rborne p a r t i c u l a t e s  are high. 
c 

Modules which u t i  1 i ze .  an adhestye t o  hand modules. to .  frames o r  modules t o  mod- 

u l  es should use the "Recommended.' P rac t i ce  for Atmospheri;~ ~ x ~ o s u r e  of Adhes ?ve 

Bonded Jo in ts  and Structures"  '.@STM 'D;I 8281. Th is  recommended. p t a c t  i.ce def ines 

the  procedure f o r  t he  d i r e c t  exposure .of adhesi.~e-bonded jo i 'n ts  and s t ruc tu res  

t o  na tu ra l  atmospheric envtromnents.:. .Th is  recommended practi:.ce i s  1 imi'ted t o  

the  procedure by which.samples are exposed and:does.not c w e r  the tes ts  t h a t  

may be used t o  evaluate the  e f f e c t s . o f  atmospheric.exposure on these adhesive- 

bonded j o i n t s  and s t ruc tures .  . .  . .  

Test methods inc lude:  

ASTM D 1902 Test f o r  Strength Proper t ies  of Adhesive Bonds 

D 905-49 Adhes i v e  Bonds i n Shear by Tens ion  Loading 

D 897 Method o f  Test f o r  Tens i le  Proper t ies  o f '  Adhesive 

Bonds 

F l  RE TESTS 

D i  r e c t  and i ntegra1l.y mounted modules. wi 1 1 ,be requi red t o  undergo "Tests f o r  

F i  r e  Resistance o f  Roof Covering. Mater ia ls"  (.uL 790), "Standard Methods o f  F i  r e  

Tests o-f Roof Coveri,ngs (ASTM 'E'IOB), o r  "Standard. Methods o f  P i  r e  Tests of 

Roof Coveri,ngstl (NFPA 256)'. The. . tes ts  described i n  these standards are appl i - 
V ' 

cable t o  roo f  cover ing ma te r ia l s  and are . in tended t o  measure the. f i r e - r e s i s -  

tance c h a r a c t e r i s t i c s  aga ins t  f i.res. o r i g i n a t i n g  from. sources outs ide  a ' 

bui  l d i n g  on which they may. be i n s t a l  led..- They are  appl i cab le '  t o  roo f  cover- 

ings intenvded f o r  i n s t a l  l a t i p n  on e i t h e r  combustible. o r  noncombustible decks , 

when app l i ed  i n  the  intended manner. % , 

l n t e g r a l  mounted modules. may be . requi red t o  undergo "Fi r e  Tes.ts o f  ~ u i  1 d ing 

Construct ion and Mater ia ls "  (.UL .263), "Standard. Methods of Bui l d i n g  Const ruc- 

t i o n  and Mate r ia l s  (.ASTM ' ~ 1 1 9 ) . ,  .o r  "Standard,Methods o f  F i r e  Tests of Bui. lding 

Construct ion and  Mater?als"..(NFPA 2 5 1 ) .  These t e s t s  are appl i cable t d  assem- 

b l  i'es o f  masonry uni  t s  and t o  compostte .assembl i e s  .of  s t r u c t u r a l  m a t e r i a l s  f o r  

bu i l d ings ,  . inc lud ing beari'ng and o ther  w a l l s  and.part i . t ion5,.  col..umns,, g i rde rs ,  

beams, slabs, and compos i t e  s lab  and beam ass&nb'l. i'es. f o r .  f.loors..and roofs. 
. . 

They a l so  app ly  . t o  o the r  assemfjl i es  and stfuctui-a1 un i ts . .  that.. const i t.ute per- 

manent i n t e g r a l  p a r t s  o f  a. f i n i shed  : bui'l.ding. . . 



ENV I RONMENTAL TEST ' (.FUNGUS) . . . . 

. . t 
PV modules which w i l l  be mounted on .6 r  t n - c l ose  p'ioxi.mi..ty t o  a .  roof surface 

should unde,rgo fungus resi'stance tests.  . Tests. wh.i.ch..may. be used, but  not 

l im i t ed  to ,  are MIL-STD-'~IOC, Environmental Test Methods, Method 608.1, Fungus, 

"Standard Recommended Pract i  ce ..fo.r Deteminpng Reslstance. of Synthetic Pol y- 

rneric Mater ia ls t o  .Fungi1' [ASTM .621-701. 
, . , .. .' I . . i 

i 
ENV l RONMENTAL TESTS (RA IN) I 

Rain tes ts  have been incorporated;in other . tests i'ncludi'ng f i r e  tes ts ,  weather 

exposure tests,  and-sal t - fog tests.  .A  raEn t e s t  i s  described i n  MIL-STD-810C 

Met hod 506.1 , Rain, which covers a t es t  "conducted t o  detenni ne the e f fec t  i ve- 

ness o f  p ro tec t i ve  covers o r  cases. . to.shie ld equ'ipment from ra in .  A rework o f  

t h i s  MIL-STD must be undertaken f o r  a s p e c i f i c  r a i n  t e s t  f o r  PV modules. This 

t e s t  w i l l  be most c r i t i c a l  . fo r  d i r ec t  mounted shingle type modules. 

WIND RESISTANCE 

Modules which h i l l  be used..as roof  coverings w i l l  need t o  be tested f o r  t h e i r  

a b i l i t y  t o  withstand wind u p l i f t .  Thi.s-:test i s  covered under Ub 997 "Standard 

f o r  Safety Wind Resistance o f  Prepared Roof Coveririg Materials." This t e s t  

describes procedures f o r  tes t ing  prepared roof .  coverings which comply w i t h  the 

I 
requirements for  construct ion, rna.teria1 speci f icat ions. ,  and performance, in -  

c luding f i r e  resistance, which when.properly i n s t a l l e d , . t o  r e s i s t  damage when 

subjected. t o  normal h igh winds. Also re la ted i s  ASTM D3161 "Standard Test 

Method f o r  Wind Resistance .of.  As.pha1 t Shing'les. 

SHOCK TESTS 

As modules w i l l  be shipped around the country, a t ten t ton  should be given t o  the 

abi 1 i t y  of.  the module . t o  wi thstand:typi'cal.. shock experienced during shipping. . . 

Port  ions o f  HI L-STO-$10~. Method 516'. 2, ~ t i o c k ,  those deal.i,ng w i  t h  t r a n s i t  drop 
. . 

t e s t  and . edgewise . d rop tests,. may be a p p l  i e d  t o .  the module d i  rec t  1 "Standard 

Method o f  Drop Test. f o r  Shipping Contalners ~ S T M  ~ 7 7 5 ) .  can be used t o  t es t  the 

packing cra te  and module for I t s  aht.1 i ty: t o  w-tthstand stiocks during shipping. 



CONSTRUCT I ON TEST 

Modules c o n s t r u c t i o ~  of  meter la ls  tn a sandv.tch type construct ion can be tested 

f o r  the i  r f lexure proper t ies  us i ng  . "StBndard . .  . '~e thods.  o f .  Flexure Test of F l a t  

Sandwi ch Const i u c t  ions'l (ASTM 'C393r. Thf's method cover5 .a procedure for  deter- 

m i  nf ng proper t ies  of f l a t  sanehfskeh ' con5 tec t  . . Tons. subjected to. f la twlse f l ex -  

ure I n  such a manner that . . the appl led movements produce curvature of the plane 

of a sheet o f  the sandwich constt%ct%sn; ' '  . 



, 
APPENDIX 21; C S I  FORMAT SPEC I F l  CAT1 ON 

PURPOSE: A s p e c i f i c a t i o n  was w r i t t e n  both i n  general format and as 

an example showing, the format of a  document t h a t  i s  t y p i c a l  l y  

used by the .arch i tec t /eng ineer  t o  specify '  equipment t y p i c a l  

t o  the  bu i ' ld ing  indust ry .  

CONCLUSIONS: This type s p e c i f i c a t i o n  can be. used by '  the PV indust ry  and 

the '  bui l d i n g  i n d u s t r y . t o  spec i f y  pho tovo l ta i c  modules as 

we1 l as pho tovo l ta i c  systems. I t  i s  important t o  use a  

document t h a t  i s  fami 1 i a r  t o  the personnel found on a  

b u i l d i n g  job  s i t e .  The C S I  s p e c i f i c a t i o n  can be found on 

many b u i l d i n g  j ob  s i t e s  and, therefore, , is  an appropr iate 

document f o r  the s p e c i f i c a t i o n  o f  pho tovo l ta i c  equipment. 
. . 

RECOMMENDATIONS: The pho tovo l ta i c  i ndus t ry  i n  general should f a m i l i a r i z e  

i t s e l f  w i t h  documents such as the  C S I  spec i , f i ca t ion  t o  en- 

sure i t s  easy use by a r c h i t e c t s ,  engineers and bui lders  i n  

not  on l y  the  r e s i d e n t i a l  market b l j t  a l s o  a l l  b u i l d i n g  

speci f i  c  appl icat ions. ,  

INTRODUCTION 

Every product or devlce Incorporated i n t o  a  b u i l d i n g  p r o j e c t ,  regardless o f  the  

p r o j e c t ' s  scale w i l l  be spec i f i ed  by the.designer t o  insure  t h a t  the  Owner gets 

what he has pa id  f o r ,  t h a t  t he  device i s  p roper ly  t rea ted  dur ing  shipping, and 

t h a t  i t  i s  i n s t a l l e d  according t o  the manufacturer 's o r  des igner 's  recommenda- 

t i ons .  Throughout h i s t o r y ,  the b u i l d i n g  indust ry  has been fac tured i n t o  re.-' 

g iona l  areas o f  ma te r ia l  and product use. Designerls and b u i l d e r s  were fami- 

1 i a r  w i t h  products and serv ices ava i l ab le  on ly  i n  t h e i r  l oca l  area. Spec i f i -  

ca t i on  o f  a  product was r e l a t e d  more toward experience than exper t ise .  However, 

w i t h  the  advent of expanding regional  ism, and i . ndus t r i a i i , za t i on /spec ia l  i z a t i o n  

i n  manufacture of products, a  pa r t i cu . l a r  product .s .peci f ied on a  job  i n  a  s t a t e  

were made in'arhother. The i n t i m a t e c o n t a c t s  between manufacturer and s p e c i f i e r  

were lost?; and so was the  a b i l i t y  t o  assure the  owner he was g e t t i n g  what he 

pa id  f o r .  Manufacturers speci a1 i'zat ion and cen t ra l  i z a t i  on. requi'red t h a t  he 

develop an acceptable way t o  assure the spec i f ie r ,  and u l t i m a t e l y  the owner, 



of h i s  product 's  q u a l i t y .  Yo do tkks,  the  Pndustry developed consensus stan- 

dards. Consensus standards s imply a i d  i n  the d e $ l n i t t o n . o f  acceptable q u a l i t y  

f o r  any product o r  ser\/?ce. These standakds..have; f o r  t he  m0s.t p a r t ,  solved 

the  problem of q u a l i t y  assurance. Howeverb the? fiave:created another unique 

problem f o r  the  bui  ldi'ng. designer ot. spec5 Pier..' I n  .o rder  t o  insure a p a r t  i cu -  

l a r  l eve l  o f  qua1 i t y  Fn a bwildi'ng, the  s p e c i f i e r .  is: ob l i ga ted  t o  know fo r  

every product he spec i f i es ,  a1 1 of . the  standards.:which mus.t be referenced I n  

the  s p e c i f i c a t i o n .  For each .bui Id ing . .p ro jec t ,  there might be thousands o f  

products and materia1.s used.. Each- product may have ten or more standards t o  

which i t must comply before i t becomes 'acceptabl.e. ' to.  the  des,igner. The 

s p e c i f i e r ' s  p l i g h t  becomes obvious. He i 3  overwhelmed w i t h  standards and 

qua1 i.f i cat  i ons t h a t  must be referenced t o .  ob ta in .  the  desi red end bui 1 ding pro-  

duct. To a1 l e v i a t e  t h i s  problem, . t h e . . ~ o n s t r u c t i o n  SpecFf i c a t i o n s  i n s t i t u t e  

developed a Uniform Construct ion Index. " I n  1966, major elements o f  the Uni ted 

States const ruc t ion  i ndus t ry  j o i n t l y  publ ished the  f i r s t  e d i t i o n  o f  the  

Uniform System f o r  Construct ion Spec i f i ca t i on ,  d a t a . f i l i n g . a n d  cost  accounting; 

T i t l e  I Bui ld ings.  For several years p r i o r  t o  pub l i ca t i on ,  the conference on 

un i form i ndexi ng. sys tems explored. many-:avenues i n  search f o r  s.i mp l e  , l o g i  c a l  

and f l e x i b l e  system f o r  rap id  c l a s s i f i c a t i o n  and r e t r i e v a l  o f  techn ica l  data 

i n  the  const ruc t ion  indust ry .  Among others,  the  f o l l o w i n g  unre la ted documents 

g e n e r a l l t  used i n  the const ruc t ion  . indust ry  were examined as a poss ib le  basis 

fo r  i n t e r - r e l a t e d  uni form systems: .. C S I  Format f o r  B u i l d i n g  Spec i f i ca t ions ,  

known as theCSl Format f o r  const ruc t ion  S p e c i f i c a t i o n s ,  o r i g i n a l  l y  pub1 ished by 

the Construct ion Spec i f i ca t ions  I n s t i t u t e ,  1963.; Standard F i l i n g  System and 

Alphabet ica l  Index, o r i g i n a l l y  publ ished by the American I n s t i t u t e  o f  A rch i tec ts ,  

1920; and Suggested Guide f o r  F i e l d  Cost Accounting, o r i g i n a l l y  publ ished by 

the Associ ated General Contractors. of Ameri can, 1961. Because of the  research/ 

s to rage / re t r i eva l  a p p l i c a t i o n  r e l a t i o n s h i p  e x i s t l n g  between technologies and 

spec i f i ca t i ons ,  i t  was determined t h a t  a uniform system based on spec i f i ca t i ons  

would best.  meet the needs o f . . t he  constructi 'on industry.  The i n t e r - r e l a t i o n s h i p  

o f  p lace,  .trade, . f u n c t i o n  o r  m a t e r i a l  .i.nherent i n  the  36 div is i 'on grouping . . of 

the C S I  format for b u i l d i n g .  spec i f i ca t i ons  was determined t o  be the  most appro- 

p r i a t e  arrangement f o r  a system which would become a s.tatement o f . b o t h  p r i n c i -  
' c. 

pa l  and mechanics. This sytem would encourage c lose r  communications and under- 

standing among three of the.domi'nent. forces i n  the  const ruc t ion .  indust ry :  man- 

u fac turer ,  destgner/speci f ier ,  and .bui lder .  Th is  u n i f d m  sys;tem has gained 



i ndust ry  and i s  recognized as an indust ry  standard, .Thi.s document i s  inher-  

e n t l y  f l e x i b l e  and was used t o  meet changi.ng.needs . 
, i n  both technology and . . . . 

methodology. Experience and.use as a r e s u l t  of feedback. has i 'ndicated tha t  

even more responsive t o  const ruc t ion  needs. ln' 1970 a j o t n t  indust ry  con- 

ference cornpri sed o f  representat tves and .major .e 1emen.t~. o f  the const ruc t ion  

i ndus t ry  i n  the  U. S. convened. t o . s t a r t  work on a .revi.sed ed i  t Son ,of the Uni - 
. . 

, , I  
. .  , 

form System.. I 

Although the  C S I  Format presents the spec i . f i ca t ion  organizat ton,  i t  does not  

inc lude any. model o r  representa t ive  specSf icat ions.  t o  the designer o r  speci -  

f i e r . t o  draw upon. An add i t i ona l  manual has been ,required, companion volume 

t o  the C S I  Format. Th is  has been t r a d i t i o n a l l y  represented i n  the c o n s t ~ u c -  
r t i o n  indust ry  by ~ a s t e r ~ p e c .  ~ a s t e r ~ p e c ~  has a system t h a t  not. on l y  pu l  1s 

a l l  the requ i red  standards. i n t o  one u n i f i e d  format, i t  a l so   standardize,^ 

s p e c i f i c a t i o n s  t o  a1 l e v i a t e  . the regional  c h a r a c t e r i s t i c s .  t h a t  have a l s k  ex- . .  . 

i s t e d . i n  t h i s  aspect o f  the b u i l d i n g . i n d u s t r y .  A l l  products, mater ia ls ,  o r  

processes.have been broken down i n t o  the  same 16 d iv i .s ion format.as C S I  uses. 

They are  as fo l lows:  

0. Condit ions o f  the  Contract 

1 ,  General Rcquircmcnts 

2. S i t e  Work 

3. Concrete - 
4. Masonry 

5. Metals 

6. Wood and P l a s t i c s  

7. Thermal andMois ture  P ro tec t i on  

8. Doors and Windows 

9. Finishes 

10.. Spec ia l t i es  

11. Equipment 

1 2 .  Furnishings 

13. Special Construct ion 

1 4. Conveyance Systems 

1. Uni form Construct i'on I'ndex, The Construct i'on Speci P i ca t  ions 
. .1 1150 17th  St reet ,  N.W., washing ton,^.^. l 0 ~ 3 6 ' ,  p,age 3. 

I n s t i t u t e  ,.. 



15. Mechan i ca 1 

16. E l e c t r i c a l  

Each o f  these 16 D iv i s ions  i s  then broken i n t o  broad scope and narrow scope 

categories. For instance, under the major  category " E l e c t r i c a l "  the broad 

scope designat ion where res i -dent ia l  P l a t  p l a t e  modules would f a l l  5s re fer red 

t o  as Power Generation - 16200. The s p e c i f i c  narrow scope area, ye t  unassigned, 

might be c a l l e d  Photovo l ta ic  Generating Devices and be assigned the  number 

16270. Wi th in  t h i s  numerical format would be a general ized s p e c i f i c a t i o n  on 

Photovo l ta ic  generat ing devices t h a t  describes the general c h a r a c t e r i s t i c s  o f  

t he  job,  c h a r a c t e r i s t i c s  o f  t he  product s p e c i f i e d  and f i n a l l y  the  proper exe- 

c u t i o n  o f  t he  product on the j ob  s i t e .  The use o f  t h i s  type of s p e c i f i c a t i o n  

procedure i n  the b u i l d i n g  indust ry  i s  b e n e f i c i a l  f o r  a number of reasons. 

F i r s t ,  i t  serves as a very good c h e c k l i s t  f o r  the  s p e c i f i c a t i o n  w r i t e r  t o  main- 

t a i n  a comprehensive, h igh -qua l i t y  s p e c i f i c a t i o n .  Second, l i a b i l i t y  and in -  

surance companies view bhe use o f  a standardized s p e c l f i c a t l o n  as bene f i c ia l  

and g i ve  r a t e  reduct ions t o  profes'sional corporat ions f o r  t h e i  r 1 i a b i  1 i t y  

insurance. Th i rd ,  the res is tance genera l ly  d isplayed toward new product usage 

i n  the  b u i l d i n g  i ndus t ry  would be p r a c t i c a l l y  overcome by developing t h i s  type 

o f  s tandard iz ing  s p e c i f i c a t i o n  which allows, immediate incorpora t ion  and under- 

s tanding o f  a pa re t i cu la r  product 's  needs and requirements i n t o  a s p e c i f i c a t i o n  

w r i t e r ' s  vocabulary. F i n a l l y ,  the b u i l d e r ,  who i s  being asked t o  provide a b i d  

p r i c e  on an unknown q u a n t i t y  w i l l  now e x a c t l y  what w i l l  be required. The 

f o l l o w i n g  i s  an example of t he  proper ca tegor ica l  breakdown and commentary f o r  

a t y p i c a l  r e s i d e n t i a l  app l i ca t i on .  I t  i s  done under D i v i s i o n  16 of the  C S I  

Format, subd iv is ion  16270, F l a t  P la te  Photovo l ta ic  Modules. I t  i s  simply a 

l i s t i n g  w i t h  commentary. 

CS I FORMAT EXAMPLE 

I n  order  t o  f u l l y  i l l u s t r a t e  the  use of a C S I  specification, a t y p i c a l  speci- 

f i c a t i o n  for a p h o t o v d l t a i ; ~  nodule fo l lows.  T h i s  was.prepared f o r  a PV ar ray  

on a residence located i n  Western Pennsylvani'a., The p h o t w o l t a i c  ar ray  w i l l  

form a south sl.ope o f  th.e roof , '  i.e., an t n t e g r a l l y  mounted a r ray  and w i l l  

cons is t  o f  1,'000 ft.2 of p h o t o v o l t a i c m o d ~ l e s .  The e n t i r e  spec i f i ca t to r i  i s  

presented here, wi t h  notes concern i'ng. the  ra.t?onale. beh i'nd each requi  rement . 



DIVISION 16 - ELECTRICAL 
SECTION 201 - FLAT PLATE PHOTOVOLTAlC MODULES 

P a r t  1 - General Speci f i e r  Mote 
1.. 

1 . O 1  Descr ipt ion 
A.  R e l a t e d w o r k  Speci f ied Elsewhere 

1 .  E l e c t r i ' c a l  D i s t r i b u t i o n  S y s ~ e ~ t t  - Sec. 16480 Add o r  d e l e t e  
2 .  Power Sys tern Storage - Sec. 16280 items as appl i -  
3. Controls & Instrumentation - Sec. 16900 cab le ,  t o  set  
4. Grounding - Sec. 16450 l i m i t s  o f  work 
5. Roofing , - Sec. 07300 under t h i s  
6. Flashing - Sec. 07700 . sect ion .  . . 

a ' .  , . I '7 E , . . . '7 .  Sea.1'ants. '"" 

,8. Gasketing . 
9.. Other 

. Commentary : 

This p a r t i c u b  section deals with work that  i s  related t o  the photovoltaic 

module as part o f  the ' total  e lectr ical  generation system that will be ins ta l -  

led i n  the bui2ding or reZated t o  the direct  instal lat ion of the module. 

Because $his work may not be electr ical ,  or nnf; proper23 plaood i n  Section 

16270, Flat Plate Photovoltaic Modules, it & Z Z  appear elsewhere i n  a 

compZete CSI format specification. I t  i s  show here for three r&asc?ns: 

First, the manufacturer wlzo w i l l  be ,responsible for the supply of the PV 

module wants t o  know that everything which concerns the ins ta l la t ion  of t h i s  

particular module i s  correctly specified. The instal lat ion subcontractor, 

c & l s ~  wants t o  know what type o f  buildi& t b  rnhule interface i s b e i n g  re- 

quested by the'drawings and ~ ~ e e i f i c a t i o n s  . so he can be sure hds bi'd 

price wi Z Z  r e f l e c t  aZI the work he w i Z Z  'be required t o  perfontl. T h i ~ d ,  the 

specification writer can use t h i s  format t o  divide the work in to  the proper 

building trades and t o  take the 'bes t  advantage of available labor and 

reduced conf l ic t s  over job responsibili t ies.  For instance, the module rnanu- 

facturer may give a price for a "turnkey.Pr ope.~ation, not only providing 

the module but the ins ta l la t ion  of the module onto the building only t o  find 

the flashing and wiring which he has priced out must be performed by on-site 

union Zabor. A t  t h i s  tiine, he nkst negotiate with the &ion a t  a possibly 

h i g h r  rate  than originaZZy anticipated. This could be avoided by using 
. < 

the' CSI format. 
, , . .  . - .  

. .  . . . 



B. Work I n s t a l  led  .but  Furnished by Others 
1. Control  p o i n t s  and w.i.rtng - Sec. '16470 Add or de le te  - Sec.. 07700 2. Flashing . i.tems as 
3. ' Other app l fcab le  

Commentary : 

This area d e a l s b i t h  a l l  work that woild be done b y  the instal lat ion subcon-. 

tractor, although the materials or products may be suppZz^ed by someone other 

than the moddle supplier. This area c l d f i e s  what the module rnanufactwer 

w i l l  be required t o  supply with -the module 'and .what the ins ta l l e r  i s  expected 

t o  do. In  addition, t h i s  allows the- speci f ier .  the opportunity t o  very care- 

fully determine what will be included i n  any bid price for the modules by de- 

fining the l imi ts  of responsibili ty of the module manufacturer. An exanple of 

t h i s  would be i f  the module manufacturer, supplier or ins ta l l e r  would be asked 

t o  bid the ins ta l la t ion  of perimeter a m a i  flashing a20ng with the module cost,  

but that the flashing i t s e l f  would be' provided by a local sheet metal supplier. 

C. Work Furnished but  I n s t a l  l ed  by others 
1. Anchorage System - Sec.05100 
2. Panels - Sec.16270 
3. Other 

Commen tary : 

This area of the specification i s  i n  many'respects the reverse of Section B 

since it outlines work or products that w i l l  be supplied by the module manu- 

facturer byt w i l l  be instal led on the job .s i te  by another trade. For instance, 

the module manufacturer or ins tb l ler ,*r  supplier would be asked t o  supply 

wiring t o  interconnect the modules in to  branch circui ts ,  but the actual work 

on the s i t e  would be done by a particular electr ical  subcontractor. 

D. Descr ip t ion  o f  Array 
1 .  When complete, t h e  ar ray  s h a l l  be capa- Mod i f y  as nec- 

b l e  o f  producing Vdc e l e c t r i c a l  energy. essary t o  de- 
I t s  ou tpy t  capac i ty  s h a l l  be based 'on f i n e  broad- 

mW/cm s o l a r  'i nso la t  ion. and a NOCT - scope requ i re- 
, r a t i n g  appropr iate .for the  p.art . icular,  ments of sys- 
i n s t a l  l a t i o n  (see 3,04a ~ e s t i n g )  .,. . 1 .  tem. 

2. I t  s h a l l  be an a r ray  made of d i s c r e t e  , 
' . .  

modules i.nterconriected- t o  assure a system 
performance ,under normal ci"rcumstances as 

. . .stated i n  Sect ion ' ~ 1  above f o r  . year l i f e .  . ,  7 - 



Come nt  ary : 

This area includes these and other specific.desc.dptions r e 2 a t e d . t ~  each 

particuZar ;instaZZation, such as  the nwnber ofmoduZes m d  the$p .iz"ze and 

the Zocation.of the &ray on the  buiZd$ng.: This aZso.wouZd.incZude any parti'- 

cular buildings done by the h iZding.  dessgner w&z"ch detai.2 the array, They 

should be referenced here t o  provide project coordination, 

E. D e f i n i t i o n s  
1. Solar Ce l l  - The basic pho tovo l ta i c  

device which generates e l e c t r i c f t y .  
when exposed' t o  sun1,ight 

2. Module - The smal lest  complete env i -  
ronmental 1 y p ro tec ted assembly of 
s o l a r  c e l l s  and o the r  components . , 

i nc lud ing  e l e c t r i c a l  terminat ions,  
designed t o  generate DC power when 

~ i s t  d e f i n i t i o n s  
r e l a t e d  s p e c i f i -  
c a l l y  t o  t h i s  job ,  
as necessary. 
These p a r t i c u l a r  
d e f i n i t i o n s  are 
shown on l'y as 
examp 1 es . 

under unconcentrated t e r r e s t  r i  a1 
sunl i gh t .  

3. Array - A mechanical ly in tegra ted 
assembly o f  modules together  w i t h  
support s t r u c t u r e  and o ther  compo- 
ments as required t o  form a f i e l d  
i n s t a l l e d  DC power producing u n i t .  

4. Branch C i r c u i t  - A nurnber'of modules 
o r  p a r a l l e l e d  modules connected i n  
ser ies  t o  provide DC power a t  the 
system vol tage leve l  requi red. 

5. Res ident ia l  Photovo l ta ic  Power 
Sys tern - the aggregate o f  a 1 1 
branch c i r c u i t s ,  arrays, together  
w i t h  the auxi 1 i a r y  systems', power 
cond i t i on ing  w i r i n g ,  p ro tec t i on ,  
con t ro l  and u t i l i ' t y  i n te r face  
and f a c i l i t i e s  requ i red  t o  convert 
t e r r e s t r i a l  sunl i g h t  i n t o  e l e c t r i c a l  
energy sui  t a b l e  f o r  connect i on  t o  a 
res'ident i a l  e1ectri.c d i s t r i b u t i o n  
system o r  a u t i l i ' t y  power g r id .  

1.02 Qua1 i t y  Assurance 
A. Acceptable Manufacturers 

1 .  
2 .  

Provide l i s t  o f  ' 

acceptable 
manufacturers. 

A. Acceptable Manufacturers Use t h i s  method i f  
1. Manufacturers des i r i n g  t o  s u h i  t des i rab le  t o  l i m i t  

proposals f o r  the work s h a l l  ob ta in  b idd ing t o  manu- 
pre-b id  approval from the owner. f ac tu re rs  w i t h  es- 

21-7 
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No o ther  proposals w i l l  be accepted. 
. , 

tab.1 i shed records. 

2. Pre-b id approval w i  1 1  be based upon 
t h e  fo l lowtng:  
a. ~ i n a n c i a l  c a p a b i l i t y  
b. Del i v e r y  schedule 
c. Mounttng d e t a i l s  
d. E 1 e c t  r i  ca 1 connect i.ons . . 

e. Safety methods 
f. Compliance to . . t t i e  Requitement3 

, . , . . . .  

9 ! 

'3. Submit data t o  
+ .  . I. 

. . .  . . 

. . . , . . 

Commentary : 

fiere a new product or technoZogy.is introduced in to  the building industry,  

there i s  always a t r i a l  period when- there m e  only a few manufacturers who 

produce products which w i l l  meet the requirements se t  by the designer or 

project specifier.  In  t h i s  case, they w i l l  simply be nained i n  the specifica- 

t ion.  . This w i l l  be more l i ke l y  a near t e rn  condition.. I t  should be noted 

that  when a project uses public funds, many times .a competitive bid i s  -re- 

quired t o  determine'which product i s  t o  be used. This particular technique 

i s  not su f f ic ien t  for competitive bid situations. As.the photovoltaic tech- 
nology matures m d  the nwnber .of competent manufacturers increases, - the . 

speci f ier  might simply write a performance specification t o  accept proposals 

from numerous manufacturers on. how the ir  product qual i f ies  for the job. ' 

Since t h i s  may create in teres t  from a.diverse group of  manufacturers, the- 

designer or speci f ier  may wish t o  pre-qualify the manufacturer. t o  eliminate 

ones that  uZtimately w i l l  not comply. For instance, i f  a p k j e c t  i s  being 

designed for construction i n  Kansas, the designer may require a glass super- 

s trate  be used t o  achieve the proper hail  resistance. Therefore, although 

manufacturers who make modules with superstrates other t h q  may want 
t o  prepare a price, the designer 5n. t h i s  case, wowZd Znfom the -.manufacturer 

that  he would not comply, and therefore, save him the,  t5me and prepar)a.tion 

of a quote. , . 
. . .  . )  _ 

B. Design C r i t e r i a  
1. ' Manufacturers; propo;als &a1 1 inc l 'ude ' . " f lodifY. 1 5st - t o  

t h e  f o l l o w i n g :  - .  . s u i t  subject .  
a. system performance data mee'ting : ' :  , ,: , 

t e s t  requirements of P V  i.ndustry. 
' 



Spec i f i ca t ions  fo r  Resident ia l  
P V  Modules. 
Module model number. 
Gross dimensi'ons 
Module wei'ght 
Wir ing d e t a i l s  
'~orni'na 1 operat img c e l l  temperature 
Instruction. d e t a t l s  on the  module 
and rooPSng d e t a i l s  
s t r u c t u r a l  and mounting. de ta i  1s 
i nc lud ing  waterproof?:ng where 
needed. 
PV a r ray  layout showrng o r ien -  
t a t  ion  and number of. :PV pane 1 s.  
A1 1 warranty and guarantee 
f o r m a l i t i e s ,  

2. Submit data t o :  

Th is  1s  t o  be 
omi t ted  i f  the  
s t r u c t u r e  1s not  a  

,component suppl ied 
by the  module 
manufacturer, and 
added t o  the work 
spec i f i ed  elsehwere. 

Commentary : 

The inkention of t h i s  portion of the speeifioation i~ t o  aosure, during the I 

submission and bidding phase of the project, the manufacturer's eventual com- 

pliance with a22 the requirements outlined i n  P a r t  2 of the specification - 
Products. Part 2 would originally be wf i t ten  t o  re f l ec t  the designer's re- 

quirement and would not necessarily be a description of the manufacturer's 

specific product. In fact, t h i s  particular part of the specification may be 

written and released t o  ass is t  the specifier i n  a product selection before a 

fuZZ specification i s  needed. Part 2 "Products" and Part 3 l'Execution'l could 

then be written around a par t icukr  product. ~ 
C.  Erector  Q u a l i f i c a t i o n s :  

1. Acceptable Erectors:  

C. E rec tor  Q u a l i f i c a t t o n s :  
1. Erectors d e s i r i n g  t o  submi:t proposals fo r  the 

work s h a l l  obta'in the bTd approval from th.e . ' 

Owner . 
2. Pre-bid a p p r w a l .  w i ' l .1  be based on - t h e  

follow.5ng: 
a. ~a 'nu f  ac turers  approval 

. 6 .  Financ ia l  capab i l i ' t y .  



c. Del i v e r y  Schedules: 
d. Past ~ x p e r i e n c e  
e. Other 

Cornmen tary : 

 any times i n  the bui ld3ng industry; n m  products. m e  .. introduced, ~ " t h  no pre- 

cedence requiring ins ta l la t ion  . s k i l l s  rzot..fowzd generally 'among traditional 

building trades. i'n t h i s  case, the .speez'fier may look, for recmendut ions  

from the manufactwer or h i s  o m  expez4ence and knowledge of local contractors 

who are capaIjZe of proper instuZlation. Ttze i n s ta l l e r  wou.ld be named and the 

general contractor wouZd be required t o  use fiim. This may be the near term. 

condi t ion. in  the  PV industry. I f  the product i s  introduced i n t o  the market 

place suc&ksfully, the number of  i n s ta l l e r s  . desiring employment through the 

ins ta l la t i& of .residential.  PV modules will increase. A t  some point, the  

nwnber of  qualif ied <nstaZZers h Z Z '  be beyond the specifiers own knowledge, 

therefore; a standard technique . -  the pre-bid approval, i s  used. The pre-bid 

approval i s .  simply a screening that  the speci f ier  and designer w i l l  do of a l l  

pogential appl icmts  indicating which ones will i n  fact, comply with speci f i -  
- - \  cation before seeking a price. 

D. Requi rements o f  Regulatory Agencies 
1 .  System when i n s t a l  led 'sha l l  . conform To date cur rent  cddes 

t o  requirements of a l l  l oca l ,  s t a t e  do not address s o l a r  
and nat i onal o r d i  nances and app l ica t ions .  
,appl icable b u i l d i n g  codes. Secure Spec i f i c  areas should 
perrni t s  as requi r'ed be invest igated.  

2. Comply w i t h  Nationa.1 Code as fo l l ows :  
a. Nat ional  E1ect.ri.c Code Modify as app l icab le .  

b. Nat i.onal F i  re  Pro tec t  i on  Assoc. L i s t  s p e c i f i c  area as 
known. 

c. Other 

This section o f  the SpecZfication relates  t o  Cwo meas  of  concern - one for the 

system designer and one for the module ins ta l ler .  Each indivz'dual must becme 

familiar with a l l  of these reguZating.pgencies. andmake sure the 406 i s  i n  com- 

pliance with t,he .~equi9ements. l%e module manufactwer must, as part of h i s  

responsibil i ty,  provide s u f f i c i e n t  in fbmat ion  t o  the. spec i f ier ,  t o  aZ Zoo Rim t o  

determi'ne compliance with the'  d o v e .  r e p l a t i m s .  This may be. i n  the j"dm of a 



UL stamp (See UL approvals section).  ~annfacturers  whose equipment ., ,. has been 

designed i n  ignorance o f  t h i s  informntion or cannot s u p  l y  subst,antiation of 

compliance may not be mmsz"dered Pr ther .  :'. Jn fact, they moat probabZy ~ $ 2 2  not 

go beyond the pre-bid meeting with .the sFecZficatirm writer and des&gner. 

E. Allowable Tolerances 

Commentary : 

In many projects the manufacturer .may only s u p p l y  the moduk a , . f m e .  liz ordep 

t o  assure assembly, di f ferent  tolerances can. be maintained a t  the job s i t e .  

Each component must be manufactured within se t  tolerance l imits .  Manufacturer 

w i l l  design h is  module t o  be within certain dimensional characteristics during 

instal lat ion and during the use o f ,  the module throughout i t s  l i f e .  (This 

accounts for expansion and contracti6n). The designer and ins ta l l e r  must be 

mare of these t o  assure that the support system can be designed t o  acconunodate 

the module. .Therefore, they will be stated i n  . this  section. 

F. Job Mock-Up 

Co-nt ary : 

In some cases, the manufacturer may be asked to'and will supply items and 

materials not normally supplied by h is  company. This might relate t o  special 

perimeter gasketing, special cover plates or special terminaZs. In t h i s  

iristance, the designer mag ask for a. smnple of the potential product. (See . 

1 ..03 Submittals) In  . t h i s  case the manufacturer w i l l  be supplging the instal-  

Zation' equipment more than . l ike ly  and will be providing an example of the on- 

s i t e  instal lat ion system for review of the designer. 

1.03 Submittals 
A. Samples 

1. Submit samples of all. components. to be used i.n the 
Work. . . 

In the event that a s q Z e  i s  asked. for, t h i s  sample shall be subnritted t o  the 

designer-at the address specified. 



2. Samples t o  be approved . b y  Owner and kept 
a t  the  designer 's ,ofP?ce. '  

8. Shop Drawings . . .  

1.  ~ u b m i ' t  shop drawings .show.i'ng meth.ods . 
and d e t a i l s  of const ruc t ion .  

2. Obtain owners approval. 

Comentary : 

A Z Z  items t o  be supplied and: integrated. on. a particular job. must be carefiZZy 

coordinated. To do t h i s  we22 and t o  ,check dimensions . and specified changes i n  

stock items, the manufacturer nanst,..provide .the system designer .with measured 

scale drawings of a l l  equipment. supplied. ' No .shipment of equipment shouZd 

begin mtiZ dimension .dr&ngs .have been subdtted, approved and retwned. 

C. Tests 
1. Module e l e c t r i c a l  t e s t  p r i o r  t o  shi'pnent 
2. Test f ' i na l  a r ray  f o r -  compliance wi'th 

speci f i c a t  ions and subrni't r e s u l t s  f o r  
approva 1 .  

Commentary 

The tes t s  t o  be perfomned by the. manufacturer on each moduZe . . shaZZ be limited 

t o  those which determine compliance with the. CSI fomnat. and specifications, 

and insure proper performance o f  the module af ter installation a t  the job s i t e .  

They are not.intended t o  include areas more appropriateZy handled by the 

industry certification. (See Appendix 20, F i v e  III ), The certificatipn 

rnight require. rigerous testing of prototype production.moduZes t o  assure a 

working concept and good execu-bion .that. would be i n  compliance with industry 

standards. These might be performed on a random se2ection of production 

modules, .but are. too time consuming with industry standards. For further clar- 

i f ication of *his particular topic, see Appendix 20. 

3. Schedu1.e of Tests; 
a. Ground Continui'ty Test. Each .module 

s h a l l  be provi'ded wi.th a grouding 
stud which shal.1. be tes ted us.in'g 
s u i t a b l e  contlnu,l.ty t e s t  t o  ye'ri:fy 
t h a t  a l l  e lec t rSca l  cont inu i . ty  
e x i s t s  between the  groundtng s tud 
and . a l l  exposed ' ex te rna l  conduc- 

.. t i ve  surfaces.. . Also, : Fq'groundlng . . 

.studs are not required,  t e s t  f o r  
- .  . . . . . . . . . - . . . . . . . . , . . . . . . 
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zero continuity must be performed 
between ei'ther the posi t'ive and 
negat i ye termina 1 and any;exposed 
conductive surface.. . . 

Module E 1ec.t ri cal Output.:. The elec- * '  ' 
trical output of each module shall' be : 
~~~easured,, on he ,Pol low! ng cond i t i-oris: 5 - .  . : , .. . mW/cm: . I nsolae ion:.-rroi-rnal..;::.Z~~ tan- ' )  ' 

t aneous , 
2) ambient alr - '  

3) wInd velocity - 
4) open back and 
5) electrical' load ' -  open circuit 

These t e s t s  for.moduZe eZectri'caZ output are peak values onZy, and m e  not 

intended t o  represent the module under f ield conditions. Because there hcve 

been four basic mounting types i i lus tra ted  i n  t h i s  report and each of these 

mounting types w i l l  provide di f ferent  module operation characteristics, each 

module design must have i t s  perfomance cer t i f ied  under each of these mounting 

conditions. Mmuf'acturers shall provide the rating e w e  t o  the design for the 

.purpose o f  modulk and array output estimations contingent upon the particular 

instai lat ion o f  . . thd .module. The required design output w i l l  appear i n  2.01-B, 
. . . .  

Module E lectric&l P e r f o m c e  Criteria. 

c. Module Mounting. All modules to be 
S C P ~ C ~  Wi red must  'be tested a~sd' matcl~ecl 
within - output ':under instantaneous con- 
ditions outlined in !.03C Tests. . . 

D. Maint,enance Data'and Operating Instructions: 
1. Submit complete instructions to the 

system designer showing methods and 
ci-i teria for maintain'ing and oper- 
ating system. 

2. Upon complete installation of the 
I array and final inspection of the 

building project, the installer 
or building contractor shall pro- 
vide the'owner acomplete set'of . 
instructions showing proper main- 
tenance techniques. 

E. Maintenance Materials , . 

' I .  Provide ownerwith spares 
for future use. 

I f  qpplicable 
provrde detailed 
1 Ist - o f  spares, 

1.04 Product Delivery, Handling and-storage 



A. Del ivery o f  Mater ia ls ' .  
1. A1 1 mater ia ls sha l l  be de1,ivered' ": 

t o  s i t e  i n  protectt.ve packaging , 3s 
p,er speci f i.ed shipping met'hod,' 

.2. A1 1 damaged mater.iqls s h a l l .  6e: 
returned to.manufacturer: end re- '  
placed w i t h  undamaged ma.terial$.meetlng 

- spec i f ica t ions.  

0. Storage o f  Mater ia ls  
1. A1 1 mate r ia l s  sh.a.l.1 be stored a t  

the s i t e  and protected' from damage. 
-I 

2. Replace a l l  damaged materials 

1.05 Job Conditions Note specific problems 
A. Ex is t ing  Conditions which may cause, . 

1. Review p ro jec t  t o  assure proper d i f f i c u l t i e s .  
condi t ions e x i s t  t o  a1 low. f i . r s t  
c lass i n s t a l l a t i o n  and operation 
o f  system. . 

Conanen*yt 

m i s  review w i l i  most probably be made by the instal ler to .  assure that a l l  

dimensions are correct and ' that .  a 2 ~  materials and fasteners specified else- 

where are. i n  .pZaces requested. by .the des<gner' and the manufacturer. - . . 

0. Environmental Conditions , 

1. I n s t a l l  system under acceptable 
temperature' and weather condi t ions 
t o  assure proper operation of 
system 

. . 

2. , . 

Note spec i f i c  condit ions 
which..must be met. 

These conditions are t o  be provided by the manufacturer; i n  t h i s  case, manu- 

facturers of both the module and supporttng components (See Section 1.01-A, 

Related Work Specified Elseuhe~e). The desggner or the member of the designing 

team supervising the constructi~n. .~.roject  will deternrine compliance under 

3.01-F, Installation. 

C. s&uenci ng 
1. schedule work t n  proper sequence Note poss ib le  conf 1,tcts 

w i t h  other trades t o  assure. proper.' if known. . . 

i n s t a l l a t i o n  and operq t ion .o f  system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . .  . . . .  . . . . .  . . 

2. ,' 



. . .  . Y.  

1.06 Guarantee 
A. . Manufacturers Guarantee. Note.detaS1s of 

1. Provide manufacturers guarantee:. : . , s p e c i f i c  components 
covering replacement .of - .a1 1. :. i f needed. 

' 

defect ' ive p a r t s  f o r  .a pe r iod  :of.- 
, . 

one year from. date .  of ' acceptance 
on job  s i t e .  

6. I n s t a l l e r s  Guarantee 
1. Provide w r i t t e n  guarantee of 

i n s t a l l e r  covering replacement 
of ma te r ia l s  damaged 6y f a u l t y  
i n s t a l l a t i o n .  

Connnentary : 

In the near term market or perhaps through the d.emonstration phases of .resi- 

dential photovoltaic applications, these w i l l  not be required, but as the 

industry grows, .they w i l l  undoubtedly become extremely important. m e n t Z y ,  
. . 

solar thermal collectors are being guaranteed for five years. 

C. l n s t a l l e r s  Performance Bond 

1. The. i n s t a l l e r ' s  performance 
bond may be suppl ied i n  l i e u  
o f  an i n s t a l l a t i o n  guarantee. 

1.07 C e r t i c i a t i o n  
A. Manufacturer s h a l l  p rov l  de e v l  dence I n  . . 

. w r i t i n g  t o  the  'designer t h a t  h i s  module 
pas'ses"al1 indust ry  c e r t i f i c a t i o n s  requ i red  
fo r  the  p a r t i c u l a r  i n s t a l l a t i o n  speci f ied.  

B. Manufacturer s h a l l  d i sp lay  on each module 
the o f f i c i a l  seal o f  c e r t i f i c a t i o n  and 
approval by the  indust ry .  

This "industry cert i f icat ionf '  i s  not yet available, but i s  currently exemjptified 

by the Block 4 S o k r  CeZZ and Module Design Test Specifications for Residential 

Applications.' I t  would be hoped that  through the consensus standards writing 

group such as ANSI and government support through orgunizations such as SERI, 

1; 'Block I V  Solar  Ce l l  Module Design Test Spec i f i ca t ion  for Restdenti 'a l  App:i- 
cat ions,  Jet  Propuls ion ~ a b o r a t o r ~ ,  C a l i f o r n i a  Ins tT tu te  of Technology, Pasa- 
dena, Cal i f o r n i  a, November 3 , 1978, Report No. .51'0l-83. 



standards m d  required ' t e s t s  would be ident i f ied.  A t  that  point, special 

tes t ing  laboratories would be des3gnated for PV modules and systems such as UL, a 
t o  undertake 'certz"ficati'on. Zn. any case, '. the cer~tCfication 2s mandatopg . 
(See Appendix 20). 

~ PART 2 - PRODUCTS 
2.01 - General 

A. . The , F l a t  P l a t e  Photovol t a t c  ~ o d ' u l e  
s h a l l  be the  product of a s i n g l e  
manufacturer, o r  an assembly of p a r t s  .. 
as approved by t h e  prime.manufacturer 
o f  the module. 

I Commentary : 

This section o f  the specification deals with the particuZars of the mbdule t o  

be supplied t o  the job s i t e  for inclus?on in to  the bui lding project. Part 

2.01-A begins with the above desckpt ion;  

B. Module E l e c t r i c a l  Performance C r i t e r i a  - Add d e t a i l s  of 
1. Module e f f i c i e n c y  s h a l l  be def ined performance requi  re-  

as the  r a t i o  o f  the modu.l:e power t o  ments as pe r ta ins  
the  product o f  the gross mo u l e  area 9 t o  p r o j e c t .  and i n s o l a t i o n  of - m W / c m  ; f o r  a 
sh ing le  module, the gross exposed 
module i s  u t i l i z e d .  

2. Module power s h a l l  be i d e n t i f i e d '  as 
t h e  maximum power measured a t  the  

-, module te rmina ls  us ing the  t e s t  
procedures described' i n  1.03-C Tests, 
w i t h  the NOCT being def ined as the  
average c e l l  temp'eratre w i t h i n  a 
pho tovo l ta i c  module opera t ing  a t  
ambient cond i t ions  l i s t e d  i 'n 1.03-b 
Module Electrical Output. 

3.  L i s t i n g  o f  the  Module Performance 
a. Module Voltage 
b. Module Amperage 
c. Module ~ a t t a ' g e  

I Commentary : 

I A l l '  ratings i n  Section 3 a b ~ v e  shall be based on def3nitz"ons. i n  2.'01-B as well 

as the t e s t s  l i s t ed  iri.Ig3.-C. They shall be provided . for  the anticipated 

instal lat ion,  taking into'account a l l  the ins ta l la t ion  condi'tions. Tfiis 



that  the genera2 items that  wiZZ htemm'ne moduZe perfomance w i Z Z  be ag~eed 

upon. These couZd be caZZed the V"andards of the Industry". ~ventuazzy ,  

e i ther  when the modules reach the buiZding s i t e  or when the array i s  conpleted, 

they w z i L  be tested t o  meet these requirements i n  accor~drmce with the parti- 
I, 

cuZar instaZ2ation. 

C .  System Mechanical performance Cr iTe r ia  ' Add d e t a i l s  o f  
1. L i f e  span -- years mechanical c r r t e r i a  
2. Degradation - -  " e l e c t r i c a l  performance as pertai 'ns t o  
3. Impact Loading - .ha t ls tones p r o j e c t .  
4. Wind Loading - m p h  
5. kodule Weight 
6. Other 

Conanen tary : 

This area of the performmzce c r i t e r ia  ~ $ 2 2  deal with a22 areas outside of 

eZectricaZ performance that  w i l l  e f f e c t  how the module interfaces with the 

bui Zding environment. 

A. Edge Handling - Specify f o r  Special 
1. 
2. 

B. S t ruc tu ra l  System 
1. Steel 
2. Wood 
3. Concrete 
4. Other 

C. Terminations 
1. J Box 
2. Terminals 
3. P i g t a i l  
4. Other 

D. . Diodes 
1. I n teg ra l  
2. ~ep 'a ra te  

Specify f o r  specia l  
edge d e t a i l s  

Complete i f  a p a r t  
of  manufact u re r  
r e s p o n s i b i l i t y  o r  
i f  shown elsewhere 
i n the  speci f i ca- 
t i o n .  I nd i ca te  i n  
1.01 -A.  

E; Other 

Conunentary : 

?'his section of the specification deals &th aZZ of the speci f ic  characteristics 

of the module and i s  job specific.  The manufacturer' w i l l  s u ~ ~ Z y  a product 



based directly on the infomation shown above. The individual' supervising the 

instal  lation w i  Z Z  check the:rnoduZ-es a t  the', job s i te  . for compliance, 

A. General 
1 .  The prime manufacture.r sha l l  be 

respons.ible for the proper per- . 
formance of the panel .assernbl.?es. 

Commentary : 

This section w i l l  include any construction requirements not specifically men- 

tioned i n  2.02 - Materials. 

B .  Panel E l e c t r i c a l  Construction 
1 .  . . 
2. 

Speci a1 construct - 
t i o n  requi rements 
may be spec i f ied  
he re .  

Commentary : 

In t h i s  section special requiremen& such as pmel shorting may be designated 

for i n s ta l k t i on  safety. ' For. instance, th is  particuZar safeguard may not be 

required by code, depending on ,the type o f  tenni&ls and module frme,  due t o  

an ins tbl ler ts  or an OSHA requirement,. it might be added. Special types o f  

terminals would be included here. 

,C.  Panel Mechanical Construction 

Commentary : 
I 

In t h i s  section, th i - spec i f i kr  can outline any particular chunges or options 
-r 

he would. 2ike t o  have placed on the modules other than the s t a n h d  ones 

supplied whioh he needs for his  particular job. A. common item might be an 
a t w n i n , ~  frame cross section that would -match &th a particular panel framing 

. . 

system used in:a sloped'skyZ$ght or 'on a vertical wall panel system already 

selected t o  be .used on, the job. This might aZ2~w easy i n t e g ~ a t i ~ n  of the Flf 

module. ThhCs requirement should also appear on .the design d,raw$ngs and on the 

shop drawings supplied by  the manu;$actwer. . . 

Par t  3 - EXECUTION 

3.01 Inspection ' 

. .. 
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' A. The i n s t a l l e r  s h a l l  review th.ework 
completed by others p r i o r  t o : t h e  c m e n c e -  
ment o f  work under t h . i s  5ect.ion. .' t f  
previous work i s  unacceptable, he. w i l l  
n o t i f y  the  owner i n  w r l t t n g  o f  the  
d i  screpanci'es and w ?  1 1  not s t a r t  work 
u n t i l  an acceptable so lu t?on I s  Pound, 

The ins ta l l e r  i n  t h i s  case i s  the moduze or m a y  ins ta l l e r .  He may be respon- 

sible for a l l  or only part of the work, I f  the array i s  t o  be standoff, for 

instance, the module in s ta l l e r  would armrZve on the job s i t e  a f t e r  the roof 

has been instal led.  The devices that  attach t o  the roof and standoffs could be 

attablzed and already flashed t o  prevent water leakage. In  addition t o  th i s ,  

i f  the module required a subfrmne for attachment, t h i s ,  too, might also be i n  

place. The ins ta l l e r  would check for proper tilt, level and dimensional toler-  

ance. I f  any of the above items did not conform t o  e i ther  the drawings or 

specifications, he should not i fy  the general contractor immediately. 

B. I tems . t o  be Reviewed Include the 
fo l l ow ing :  
1. Dimensional Tolerances 
2. Mater ia ls  . 
3. Treatments 
4. I n s t a l l a t i o n  
5 .  oarnagmi Work 
6.  T i l t  
7. Completeness 
8. Other 

C .  The i n s t a l l e r  s h a l l  perform v i s u a l  checks on 
a l l  modules t o  i d e n t i f y  and report  any damages 
wich occurred dur ing  . s h i  pping. 

3.02 Preparat ion . 
A. The i n s t a l l e r  s h a l l  prepare th.e area t o  

receive the  ar ray  i n  accordance with the 
d e t a i l s  shown on the approved shop 
drawings. 

B. Areas o f  p a r t i c u l a r  concern are 
1 .  Damaged work already i n  place 
2. other  

3.03 I n s t a l  l a t i o n  
A. The i n s t a l - l e r  s h a l l  as9emble the a r ray  

i n  s t r i c t  'accordance w i t h  the  approved 

L i s t  poss ib le  
problem areas 
i f known. 

L f s t  areas i f  
known. 



manufacturers sb.op drawi'ng3 and 
i n s t a l  l a t i o n  requirement's; 

6. The i n s t a l l e r  s h a l l  assemble the  array 
i n  s t r i c t  accordance w f t h  ..the destgner 's 
drawings and specf f fca t ions ,  

C. ALl panels which are  'not ulttmate1.y shorted 
o r  have pro tec ted te rmina ls  s h a l l  be 
covered dur ing  dayt i.me i n s t a l  lat i 'on o r  ' , 

s h a l l  be i n s t a l l e d  a t  n igh t .  

D: 0nl.y t h a t  work which has been spef icia.1 l y  
o u t l i n e d  as h i s  r e s p o n s i b i l i t y  s h a l l  be' 
done by the module i n s t a l l e r .  

E .  No i n s t a l l a t i o n  by e5ther the  module manufacturer 
o r  associated mate r ia l  supp l te rs  sh'al l .proceed 
dur ing weather cond i t ions  t h a t  are adverse as 
def ined i n  the  sec t ions . .spec i f  i ed  i n  1. 1OA [For 
references see Par t  I -. ~ e n e r a l '  1.01 , Desc.ri p t  ion) .  
These weather cond i t ions  would fnclude, but  not  

.be l i m i t e d  to,  heavy ra in ,  snowstorms, wind i n  
excess o f  , extreme cold,  below f reez ing,  
ex t reme heat o r  above, sandstorms, 
hai ls torms,  e tc .  

F. A l l  work s h a l l  be performed i n  a neat and-jwork- 
man 1 i ke manner.. . . 

Conunentaq 

On a l l  building projects the basic ttZawstt for what u i Z Z  be consPidered neat and 

workmanZike w i l l  be showl on the drawings and described. , AZZ laws need 
enfo&ers and juries t o  evaluate campliance and se t t l e  disputes. On building 
ppojects, the role of judge and jury i s  fizzed by the architect; Under him, 
Contract A-201, General Conditions of t h e  contract for ~ons&ct<on - Sec. 

2.2.7 states tt!l%e Architect wilt be the interpreter of the,requirements of 

the . . contract. documents and. the judge of the'. pe~j'onnrmce 'thereunder by both 

the 02$ner and the 'Contractortf 

Some ,areas, of concern t o  the archttect . i n  reference t o  the. m~dule  would be: 
. . 

straight ie&s &d 2wnbnes.i within . t h e f m  incZosureJ mating t o  ~ @ o { ~ $ ~ ~  

modules, maintenance of c ' m o n  su.rPace .pZ.anee, ,&unage o;f no&Zes. &ring instat-  : 
l a t ion ,  and . . lia@ring . . where. not specified. . 

- G. Others ' . 



3,04 F i e l d  Q u a l i t y  Contro l  
A. Tes t ing  

1. Each module s h a l l  be t e s t e d p r i ' o r  t o  
I n s t a l l a t ? o n  fo r  e l e c t r i c a l  i s o l a t i o n  
t o  assure p r o t e c t  ton aqa i'ns t e 1 6 c t r i c q l  , 

slruck duri'ng'. insta ' l  l a t  ion.  Thi's t e s t  
sha 1 1 be p'erformed by. connecting. a 
cont lnui ' ty  t e s t e r  t o  the posit ' i .ve 
te rmina l  and then t o  any exposed 
module conductive. surface. No 
c o n t i n u i t y  s h a l l  e x i s t .  

Each module s h a l l  be tes ted  Pop 
e l e c t r i c a l  performance , , p r i o r  t o  
i n s t a l l a t i o n .  This  t e s t  s h a l l  
take p lac5 under a minimum of 

mW/cm i n s o l a t i o n  normal - 
t o  the module, instantaneous, 
measured by a standard c e l l  
prov ided by the manufacturer.  The 
average outout  of a1 1 the module 
t e s t s  s h a l l  be equal t o  the s ta ted  
i n  2.01-B module e l e c t r i c a l  per fo r -  
mance. The manufacturer s h a l l  supply 
s u f f i c i e n t  performance curves t o  
de-rate the  module f o r  bo th  temperature 
and i n s u l a t i o n  cond i t ions .  

3. The minimum outout  a l lowable f o r  the  
' ent'i r e .  a r ray  a f t e r  i n s t a l  l a t i o n  

sha 1 1 be 90% o f  the  average modu 1 e 
output  measured i n  3.04-A3, Test ing.  

B. ' Cleani ng 
. 1. Upon c o m p l e t i o n o f  i ' n s t a l l a t i o n  o f  the  

. , 
a r ray ,  .a1 1 cov.er and f rame surfaces s h a l l  
bc cleaned i n accordance w i  t h  i n s t r u c t  ions 
by the  manufacturer. 



CONCLUSION t .  

~ l t h o u ~ h  the CST Format Cs a nationally recegn?zed speciJ"ication format, and 

i s  very inclusive,  ' it s h l d  6e' no.ted that  certain .cautions need be addressed. 

This format was .designed to.  6e ,used for any size  buildi'ng -project. I t s  com- 

plexi ty  and level  of detai l .  mst 6e . . modifsea. t o  a a u s t  i t s e  Zf t o  the cost and 

concerns of the particu.lar.pro$e.ct. . . .The onZy.draz3Zj;ack.in i t s  use occurs i n  the 

resident ial  marketplace. There &re two distinct 'groups of .contractors currentZy 

operating i n  the residential Fiousing market. First  i s  the large scale specu- 

lator.  This contractor usually bu<.Zds perfiaps 50 or more houses a year. He i s  
' , 

experienced, organized and frequently works with subcontractors whose work 

must be in t e rneed  with p e r f o r n e e  of othors' on the job. His a b i l i t y  t o  

deal with specifications rmd.contract .writing i s  refined, allowing h;im t o  
8 .  

work e f f i c i e n t l y  and a t  a prof i t .  The other group of contractors are usuaZZy 

small and build three t o  t en  homes a .  year and mn a very informal business. 

Contracts may .be as simple as a latdshake. or, a t  most, a brCef l i s t  of materials 

along with a very simple set  of drawings. His experience with specifications 

may be limited; when faced with a fully fomnatted CSI specification for th 

ins ta l la t ion  of the residential PV modules, he may simply "throw up h i s  handsr1 

i n  confusion. I f  he prepares a pgce  on a residential project descl..ibed by 

such a speci f icat&n,  h i s  price w i l l  be elevated t o  take care of the grey areas 

he perceives, The unfortunate fact i s  the majority of residential contractors 

fa2 Z under the second category. There fore, t h i s  specification wi Z Z  probably 

be most useful i n  the nm-residential work. This does not indicate that  i n  

the abbreviated form of the uniform constmetion index, CSI format cannot be 

used i n  the r e s i d e n t i a ~  work or should no$: I t  shouM serve t o  educate as 

well as info- the contractor what he i s  ehec ted  t o  do.. I t  i s  anticipated 

that  much higher quality and amore ident i f iable .  product could be achieved i n  

the residential market i f  the c l i en t s  would only use t h i s  type of specification. 

We have decided, ' therefore,  . t o  com;p Zete a specZficaticm based .on an example ,, 

t o  i l l u s t r a t e  how it might appear. 



EXAMPLE . - f'.TN=D SPECIFICATION 

PART 

1-01 

A. 

SECT1 ON 201. - FLqT PLATE PHOTOVOLTAIC MODULES 

I - General 

Descr ip t ion  

Related. Work Specif Ted E l  sewhere . 

1. E l e c t r i c a l  D is t rFbut ion  System - Sec. 
2. Pmer  Sys tems Storage -. Sec. 
3. Contro ls  and lnstrurnentat ion -.Sec. 
4. Grounding - Sec. 
5. Roofing - Sec. 
6. F lashing - Sec. 
7. Seal.ants , - Sec. 
8. Gasketing - Sec. 

These items have 
s:peci f ?cat  ions 
w r i t t e n  e l  sewhere 
i n  the  C S I  Docu- 
ment. Items 5-8 
are included as 
t h i s  i n s t a l l a t i o n  
i s  i n  fac t  the 
roof and a water- 
t i  ght membrane. 

Work l n s t a l l e d  but  Furnished by Others 
1. Control  Points and W i  r i n g  - Sec. 16470 Due t o  specia l  
2. Flashing - Sec. 07700 requirements im- 

posed by the  PV 
panel these i n s t a l -  
l a t i o n  areas w i l l  
be included i n  the  
panel i n s t a l l e r s  
r e s p o n s i b i l i t y .  

Work Furnished but l n s t a l l e d  by Others 
1. Anchorage System - Sec. 05100 The f rami ng system 
2. Panels - Sec. 16270 . w i l l  be several 

pa r t s  o f  on-si t e  . 
cornpollell t s  and 
factory assembl ed 
components. Those 
requi remen t s and 
spec i f i ca t i ons  f o r  
on-s i t e  f rami ng 
component i n s t a l -  
l a t i o n  are found i n  
Sec. 05100. 

D. Descr ip t ion  o f  Array 
1. When complete, the  ar ray  s h a l l  be capable 

of producing 220 V DC e l e c t r ~ c a l  energy. 
I t s  outpus capaci ty  s h a l l  be based on 
.lOO.mW/cm s o l a r  insolation and a NOCT 
r a t i n g  appropr iate f o r  the  particular , 

i n s t a l l a t i o n  (:See 3.04a ~ e s t i n g )  

2. I t  s h a l l  be an arraymade of d i sc re te  
modules interconnected t o  assure a system 
performance under normal circumstances 
as s ta ted  i n  Sect ion D l  abwe  f o r  20 year 
1 i f e .  



3. The a r ray  s h a l l ,  a l s o .  d e l t v e r  a.min5mum 2 
of 10 kW @ 100 mW/cm s.olar'i.riso1atton. 

P , . .  . , 

4. The a r ray  s h a l l  be 24 'x45 ' -4 ' '  nominal ly .  
and cons i s t o f  32"x96" Cnom i'nq 1 )  pane 1 s . 

. 6  

E. D e f i n i t i o n s  
1. Solar Ce l l  - The.ba5Ic pho two l ta i ' c  device 

which g e n e r a t e s ' e l e e t i t c i t y  when exposed 
t o  su'nl ig t i t .  

2 .  Module - The smal lest  complete envtronmental ly 
p ro tec ted assembly o f  s o l a r  c e l l s  and o ther  
components i nc lud ing  e l e c t r i c a l  terminat ions,  
designed t o  generate DC power when under 
unconcentrated t e r r e s t r i a l  sun l i gh t .  

3. Panel - A fac to ry  assembly o r  one o r  more 
modules. 

4. Array - A mechanical ly in tegra ted assembly 
o f  modules together w i t h  support s t r u c t u r e  
and other'components as required t o  form a 
f i e l d  i n s t a l l e d  DC power producing u n i t .  

5 .  Branch C i r c u i t  - A number o f  modules o r  
para1 l e l e d  modules. conne.cted i n  ser ies  
provide DC power a t  the system vo l tage 
leve l  requlred. 

6 .  Residentoal Photovo l ta ic  Power System - 
the aggregate o f  a 1 1 branch c i  r c u i  t 

- ar rays,  together  w i t h  the  auxi 1 i a r y  
systems, power cond i t i on ing  w i r i n g ,  
p ro tec t i on ,  con t ro l  and u t i  1 i t y  i n t e r -  
face and f a c i  1 i t i e s  requ i red  t o  convert 
t e r r e s t r i a l  s u n l i g h t  i n t o  e l e c t r i c a l  
energy s u i t a b l e  f o r  connection t o  a 
r e s i d e n t i a l  e l e c t r i c a l  d i s t r t b u t t o n  
system o r  a u t i  1 i t y  power g r i d .  

1.02 Qua1 i t y  Assurance 
A. Acceptable Manufacturers. . , . 
1. Manufacturers desi r i n g  t o  subrntt 

proposals f o r  the work s h a l l  ob- 
t a i n  pre-b id  approval from t h e  owner. . 

No o ther  proposals w i l l  be accepted. 

2. Pre-bid approval w l l l  be based upon 
. . . . 

t he  Po! lowing: 
a. F inanc ia l  capabi : l i ty  
b. De l ivery 'schedu le  . 

c.. . , MountSng d e t a i l s  
d.. ~ l e c t  r i c a l  connect ions 
e.. , Safety Methods 

" .  , f .  , Compl i a n c e . t o  the Requirements . 

. A  decision was 
made not  t o  speci fy  
manufacturers by 
name hut ra ther  t o  
1 l m i t  them by the 
i terns. s ta ted  ' here 
as w e l l  as those 
mentioned l a t e r  
I n  t,his, s p e c i f t - '  
cat  ion. 



B. Design ' c r i t e r i a  
1. Manufacturers proposal s h a l l  Tnclude . 

the  fo l lowing:  
a. ~ystem.performance.datameet i .ng 

t e s t  requirements oP ~pec i . r i - '  
cat ions f o r  Resident ia l  PV 
Modu 1 es. 

6. Module model number 
c. Gross dimensions 
d. Module weight.  

. . . . .  
e. Wir ing d e ' t a i . 1 ~  
f. ~omi 'na l  operat i.ng c e l l  temperature 
g. l n s t r u c t i o n d e t ' a i l s o n  t t iemodule 

'V and roof ing d e t a i l s  
h. PV a r ray  ' layout showing o r i e n t a t  ion  

and quant i t y  of PV 1s. 
i. A l l  warranty and guarantee fo rma l i t i es .  

2. submit data to :  
Samual Frank 
ABC Cons t r'uct i on Co. 
1234 W. Bat te ry  , . 

Charleston, S. C. 29802 

C.  Erector  Q u a l i f i c a t i o n s :  
1. Erectors desi r i n g  t o  submit proposals f o r  

the work s h a l l  o b t a i n  the b i d  approval 
from the Owner. 

2. Pre-b id approval w i l l  be based on the  
fo l l ow ing :  
a. Manufacturers approval ' 

b. F inanc ia l .  capabi 1 i t y  
c. De l ivery  schedules 

, d. Past experience 
. . 

D .  Requi rements of Regulator Agencies 
1. System- when ' i n s t a l  led' s h a l l  conform 

t o  requirements o f  a l l  l o c a l ,  s ta te ,  
, and nat iona l  ordinances and app l icab le  . 

bui l d i n g  codes. Secure perml ts  as 
requi red; 

32. Comply w i t h  Nat ional  Codes as fo l lows:  
a. Nat ional  ~ l e c t r i c  Code' " .' . ' 

b. . Nat ional  Fi: r e  P ro tec t l on  AssocFation 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

c. B o c A . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E. Al lowable Tolerances ., 

I. Size:, . . W i d t h 3 2 f  ..Q9375" 
Length ,965 . .1672" 

2. Square: f .09375If 

... 

As w i t h  the  P.V. 
panel manufactur- 
e r ,  e rec tors  have 
not  been named . 
but  w i l l  be chosen 
on the 1 i s t e d  
qua1 i f i c a t i o n s  

To date, cur rent  
codes do not  
address s o l a r  ap- 
p l i c a t i o n s .  

t n . o r d e r  t o  ensure 
rn ter fac tng w i t h  
the.  roo f  'f rami.ng 
s t r u c t u r e  t i g h t  



tole.rances .must be 
me t .on  a l l  panels, 

1.03 Submit ta ls '  
A. Samples * .. . 

I .  ' SubmFt samples of a l l  compcwents..to be used 
i n  the  work. 

2. Samples t o  be. approved .by Owner. and kept  a t  
s i t e  o r  a t  the  de.signer1 s: oPPFce. 

B. Shop Drawings 
1 .  Submit shop drawtngs showtng methods and 

deta i  1s o f  const6uctfon . '  

2. Obtain owners manual 

C. Tests 
1. Module e i e c t r i c a l  t e s t  p r i o r  t o  shipment 

2. Test f i n a l  a r ray  f o r  compliance w i t h  
s p e c i f i c a t i o n s  and submit r e s u l t s  f o r  
approval . 

3. Schedule o f  Tests 
a. Ground c o n t i n u i t y  t e s t .  Each 

module s h a l l  be provided w i t h  
a grounding study which s h a l l  be 
tes ted using s u i t a b l e  c o n t i n u i t y  
t e s t  t o  v e r i f y  t h a t  a l l  e l e c t r i c a l  
c o n t i n u i t y  e x i s t s  between the 
grounding stud and a l l  exposed 
ex terna l  conduct ive surfaces. 

b. Module E l e c t r i c a l  Output. The 
e l e c t r i c a l  output  o f  each module 
s h a l l  be measured on the  f o l l o w i n g  
cond i t ions :  
1 )  100 mw/cm2 inso la t i on ,  normal, 

6 i nstantanedus 
2) ambient a i r  - 20' C 
3) wind v e l o c i t y  - I m/s 
4) open back 
5) e l e c t r i c a l  load - open c i r c u i t  

c. Module Mounting. A l l  modules t o  be 
ser ies  w i red must be tes ted  and matched 
w i t h i n  t5% of I,, output  under instan-  
taneous cond i t i ons  o u t l i n e d  i n  1.03C 
- Tests. It s h a l l  s tay  i n  place un tu l  
the  f i n a l  a r ray  fnspect ion. Module 
manufacturer s h a l l  provide Ins t ruc -  
t i o n s  f o r  i t s  removal. 

D. Mai ntenance Data and Ope r a t  ing I n s t r u c t  ions: 
1. Submit complete i n s t r u c t i o n s  t o  the  

system designer showing methods and 

Th ls  i s  extremely . 

important t o  ensure " 

-proper I . ns , ta l l a t l on  
of t he  a r r a y  . i n t o  
the  roof. 



- .  c r i t e r i a  f o r  maintai 'ning and operating 
' sys.tem. 

. Upon complete . i ns ta l  1 a t  i o n  o f .  the': a r ray  
and f l n a l  Inspect i'on of  th.e. bu i  1 di'ng 
p r o j e c t ,  th.e i n s t a l l e r  or but ldi 'ng 
con t rac to r  she 1 1.' provi'de the  owner 
a complete s e t  o f '  i 'nstruc.t lons showing 
proper maintenance techn i'qaes. 

E. Maintenance Materi 'al s 
1. Provide owner w i t h  f i y e  (3) spares 

f o r  f u t u r e  use. 

1'.04 Product Del i very, Handl.i,ng and Storage 
A. De l i ve ry  o f  Ma te r i a l s  

1 . .  A l l  ma te r i a l s  s h a l l  be deli 'vered t o  s i t e  
i n  p r o t e c t i v e  packaging . . f o r  shipment by 
r a i  1 .  

2. A1 1 damaged m a t e r i a l s  s h a l l  be returned 
t o  manufacturer and replaced wS t h  
undamagedmater ia lsmeet . ingspec~f icat ions.  

B. Storage o f  Ma te r i a l s  
1. A l l  ma te r i a l s  s h a l l  be s to red  a t  the  ' 

s i t e  and pro tec ted  from damage. 
2. Replace a l l  damaged ma te r ia l s .  

1.05 Job Condit ions 
A. E x i s t i n g  Condit ions 

1. Review p r o j e c t  t o  assure proper 
cond i t ions  e x i s t  t o  a l l ow  f i r s t  
clasz+ i n s t a l  l a t i s n  and opera t ion  
o f  system. 

B. Environmental Condit ions 
1. I n s t a l l  system under acceptable temper- 

a tu re  and weather cond i t ions  t o  assure 
proper opera t ion  o f  system. 

C.  Sequencing . 

1. Schedule work i n  proper sequence w t t h  
o ther  t rades t o  assure proper i n s t a l -  
l a t  i on  and opera t ion  of  system. 

1.06 Guarantee 
A. Manufacturers Guarantee 

1. Provide manufactufers guaftantee coveri:,ng 
replacement o f  a l l  de'fectrve p a r t s  for 
a per?od of  one y e a r . f r m  date of  
acceptance. 

B. I n s t a l l e r s  Performance Bond 
1 .  The i n s t a l  l e r ' s  performance bond 

may be supp l ied  i n  l i e u  of  an i n s t a l -  

Performance Bonds 
are o f ten  requ i red  
when cont rac tors  



l a t i o n  guarantee. 

1.07 C e r , t i f i c a t i o n  
A. Manufacturer sha.11 prpyi.de :evi'dence In .  

w r i t i n g  t o  .the desi.gner . t h a t .  h i $  module 
passe's a1 1 indust+ ce r t i f . i ca t i ons  
requi red f o r  ' the particu.1a.r - i n s t a l  l a t i o n  
spec i f i ed .  

B. Manufacturer s h a l l  d i sp lay  on each module 
the  o f f i c i a l  seal o f  c e r t i f i c a t i o n  and approval 

. . by the  indust ry .  

PART 2 - PRODUCTS 

2.01 General 
A. The F l a t  P l a t e  Photouol. taic ~ o d u i e  

s h a l l  be the product. o f  ..a s i n g l e  
manufacturer o r  an assembly 'of  p a r t s  
as approved by the  prime manufacturer 
o f  t h e  module. 

B. Module E l e c t r i c a l  Performance C r i t e r i a  
1. Module e f f i c i e n c y  s h a l l  be defined 

as the  r a t i o  o f  the  module power 
t o  t h e  product o f  the  gross modul 5 
area, and i n s o l a t i o n  o f  100 mW/cm ; 
f o r  a sh ing le  module, the gross 
exposed module i s  u t i l i z e d .  

2. Module power s h a l l  be ident! f led as the  
maximum power measured a t  the  module 
ternii na.1 s us ing  t h e .  t e s t  procedures 
described i n  1.03-C Tests, w i t h  the  
NOCT being def ined as the  average 
c e l l  temperature w i t h i n  a p h o b o l  t a i c  
module op,erating a t  ambient conditFons 
l i s t e d  i n  ,1.03-Cb, Modu1.e E l e c t r f c a l  
Output. 

3. L i s t i n g  o f .  the  Panel .Performance: 
a. Voltage - 1 Q Q * I O % @ p e a k  
b. ~ m ~ e ' r a g e  -' 1.758 J.Q% @Peak 
c. Wattage - 20QW -Mtn. 

p 

are  no t  w e l l  known 
, b y . t b i  designer, 
This. .wi 1 1  Insure 
c m p l e t ? o n . o f  t h e  
I n s t a l l a t i o n  Fn the  
event o f '  defaul t .  

Th ls  c e r t i f i c a t i o n  
w i l l  cone from a 
recognized t e s t i n g  
l abo ra to ry  who w i  11 
perform the standard 
t e s t s  as deemed 
necessary by the  . 

indust ry .  

C. System Mechanical Performance CrI terPa 
1. L l f e  span - 20 years 
2. ~ e g r a d a t i o n  10%. ' .e lec t r ica l  performance 

over l i f e  
3. Impact loadirig - Y&".h.ai lstones' 
4. . W i  nd ~oad i ,n$  - .30' mph . 



- 5. Module weight 

2.02 .Ma te r i a l s  
. .  A. Edge' Detai'l 
. . . a 1  ; A5 per enclosed drawing 

. . ;' 

B. Terminat ion 
1. ' Mail/Female Plug Tern tna ls  

' .  . . 
C . '  .Diodes . . 

, 1. Rated Blocking'' E -  Bypass 
: Diodes mounted on each panel. 

. ...  
. . I  .'...., 5 .  .-- 

. . 
. . . . " 2-.03 Fabr i ca t i on  

. . . . 
. .  A,; - ~ e n e r a l  . & .  

1 .  The prime manufacturer sh.a l l  be 
responsib le f o r  the proper per fo r -  
mance o f  the panel assemblies. 

B. Panel E l e c t r i c a l  Construct ion 
1 .  Blocking diodes i n t e g r a l  t o  

i 'nterconnect system. ' 

2. Shorted f o r  i n s t a l l a t i o n .  

C. Pane 1 ~echan ' i  ca 1 Construct i o n  ' 
1 .  Special  edge mounting d e t a i l s  

as per  en'closed drawing. 

PART 3 - EXECUTION 

3.01 l nspect i o n  
A. The i n s t a l l e r  s h a l l  review the  worlc completed 

by others p r i o r  t o  commencement o f  work under 
t h i s  sect ion.  I f  prev ious work i s  unacceptable 
he wi 1 1  n o t i f y  .the Owner-in w r i t i n g  o f  the 
discrepancies and w i l l  no t  s t a r t  work 
u n t i l  an acceptable s o l u t i o n  i s  found. 

B. Items t o  be reviewed inc lude the  fo l low ing:  
1. Dimensional Tolerances 
2. Ma te r i a l s  
3. Treatments 
4. I n s t a l  l a t i o n  
5. Damaged Work 
6. T i l t  
7. Completeness 

C. The i n s t a l l e r  s h a l l  perform .v isua l .  checks on a1 1 
modules t o  i dent i.fy and repor t . .qny damages. . . 
which occurred dur ing shlppi'ng. 

. . 3.02 P repa ra  t i on. 
A. The i n s t a l l e r  shal l prepare the  area t o  

receive the  ar ray  in 'accordance wi th ' . . the 



deta i  1s shown on the '  approved' shop ..draw.?ngs. . . 
. I .  

B.  Areas of p a r t i c u l a r  concern are:  
1. Damaged work a 1 ready, i n  p 1 ace 

,. . 2. ~ol 'erances.  
. . 

, 3.03 I n s t a l l a t i o n  , .  

A. The i n s t a l l e r  sha'll,assem6le.the-array t n  
s t r i c t  accordance w l t h  .the approved manu- 
fac turers  shop draw?ngs and i n s t a l  l a t ? o n  : ' ' 

requ i remen t s . 
B. The i n s t a l l e r  s h a l l  assemble.the a r r a y  i n  

s t r  i c t  accordance wi-th . a , : r ;  .the, . ,designer 's  . . , , 

drawings and speci f icat i .ons.  . 

C .  A l l  panels which are not  u l t t m a t e l y  shorteb 
o r  have protected- ' termi 'nals s h a l l  6e. 
covered dur ing  daytime . i n s t a l  l a t i o n  'o r  s h a l l  
be i n s t a l l e d  a t  night.. 

D. Only t h a t  work which has ben speci f i c o l . l y  
o u t l i n e d  as h i s  respons ib i l l . t y  s h a l l  .be done 
by the  module i n s t a l l e r .  . , - . . 

E.  No i n s t a l  la t , ion  ( b y . e i  t he r  the  module manufacturer 
o r  associated mater ia l .  and s u p p l i e r ' s )  s h a l l  
proceed dur ing  weather cond i t ions  t h a t  are 
a d v e r s e a s d e f i n e d  i n  t h ' e s e c t i o n s s p e c i f i e d  . 
i n  1.01A. (For references. see Par t  I - 
General 1.01, ~ e s c r i p t i o n ) .  These weather 
c0ndi.t ions would inc lude but  no t  .be 1 i m i  . . .. . t ed  . . . , . . . . . . 

t o  heavy r a i n  , snowstorms , wind i n  excess, o f  
. 15 mph, extreme col'd, below f reez ing,  extreme 

heat 100 '~  or above ,. sandstorms., . . hlai . lstorms, 
e tc .  . . 

F. A l l  work s h a l l  be performed 5n.a neat and 
.workman I 'i ke manner. 

. . ' .  . 
3.04 F i e l d  Q u a l i t y  Control  . . . . 

A. Tes t ing  
1. Each .module . s h a l l  be . tested p r i o r  t o  

i n s t a l l a t i o n  f o r  e l e c t r i c a l  Ssolat lon 
t o  assure p r o t e c t i o n . a g s l n r t  e l e c t r i c a l  
shock duri.ng insts l l  la't ton.. T h i s  t e s t  

. . 
. s h a l l  be .performed .by connecting a . 

, . , : : .cont inuity t e s t e r  t o  the  posit'.i.ve . . .  .. .... 
, te rmina l  and then. t o  any:'expoged 

. .modu 1.e .c.on.duct.i've surface, . . -  No con- 
. t ~nu~~t~~~~~a.l~l.,~exis:t. . . . 

:;,. ,3::;;,.;..,.:;;,;;::. ::: 
. 2 ,  E a c h ' i & ~ d , ~ l ~ ~ i : ' $ / ~ ~ l l  , A*, ..: ..... be tes ted for e . lec t+?ca l .  t 

.;.:,. : ;,..;, :., '.::.. 
perfomanrze:.?prior' t o '  i 'ngtal l$ t ion :  TRFs ' ' . .  



. . 

t e s t  sha l...T&K@pl.ace &der 4 minimurn pf 1 50 mW/c,m -ins:olat ion riprmal t o .  th.e module 
i ns tantaneous: meas:u red;., by.  a ~ t a n d a r d  c e l l  , 
a lso  normal ,..and t o  be'- prw1ded:by .,the', ' . 

manufacturer. The .ave.r.age. output .o f  a l l  
'.the module tes ts  sFi.all 'be equal t o  tha t  . .  

s ta ted i n  2..'01-8. t lodule,Electrtcal 
,Performance. , The manufacturer sha l 1 supply 
s u f f i c i e n t  perft3nance curves t o  de-rate 
t'he moclule f o r .  both femperaiure and lnso- 
l a t i on .  condl t  ions.. . . 

3. . ..The rnini,mlim output al:lowable f o r  the 
e n t i  re  ar.ray"after i n s t a l  l a t t o n  shal1:'be 

, 90% o f  the. average modu l'e 'gut put meaiured . . 

i n  3.04-~3,: . . ~e 's ' t ing.  
. . . .. 

8. Cleaning '. . . 

1. Uponcompletion o f . i ns t .a l . l a t ion  of the,:array, a l l  
. . cover. and f r h e  shrfaces 'sha l l  be cl.eaned i n 

accordance.with instruct' ions. by the .manufa.cturer. 
. . .  




