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ABSTRACT 

Burt Hill Kosar Rittelmann Associates has conducted a study to identify and 
, . . - . ,  

estimate costs associated with the operation and maintenance of residential 

photovoltaic modules and arrays. 

Six basic topics related to operation and 'maintenance to photovoltaic 

arrays were investigated - General (Normal) Maintenance, Cleaning, Panel 
Replacement, . Gasket Repair/Replacernent, Wiring Repair/Replacement , and 
Termination Repair/Replacement. The effects of the mounting types - Rack 
Mount, Stand-Off Mount, Direct Mount, and Integral Mount - and the 

installation/replacement type - Sequential, Partial Interruption, and 

Independent - have been identified and described. Recommendation on 
' . .  

methods of reducing maintenance costs have been made. 

iii ' 
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SECTION I 

SUMMARY 

This report presents the results of a study conducted by Burt Hill Kosar 

Rittelmann Associates. The objective of thfs study was to identify and 

estimate costs associated with the operation and maintenance of residential 

photovoltaic modules and arrays. The approach used in accomplishing this 

objective was to identify the potential problems associated with 

photovoltaic modules and arrays; identify and describe the corrective 

procedures related to these problems; identify and estimate costs to 

perform the corrective procedures; to identify the cost drivers relative to 

the specified 0&M procedures; and to recommend, where possible, potential 

techniques and procedures for the reduction of operation and maintenance 

procedures. I 

The costs associated with maintenance procedures will. vary greatly, with 

strong dependencies on: 

. . 

. The characteristics of maintenance in'generall 
. . . - . . .. Panellarray mounting type - . . 

. ... 

. Installation/replacement type 

. panellarray detail . .  

In the: residential sector, the owner is the principal charged #with the 

responsibility of maintenance. Specific maintenance' procedures can be 

carried out by the owner or an individual, contracted by the owner, who 

specializes in a maintenance task. Typically, the homeowner performs only 

the simplest of maintenance tasks and seeks the expertise of a more 

qualified individual to perform the more detailed and technical tasks. 



As a result, most maintenance procedures relative to photovoltaic arrays 

will be carried out by professionals. This will of course result in higher 

operation and maintenance costs. 

The four basic generic .mounting types, as identified in the "Residential 

Photovoltaic Module and Array Requirement Study", Report No. D O E I J P L , ~ ~ ~ ~ ~ ~  
- 7911, are described and their affect on maintenance procedures and costs 
are characterized. These mounting .types are: 

. ' Rack Mount 

. Standoff Mount 

. Direct Mount 

. Integral Mount 

Each of these mountin* types impose certain restrictions relative .to 

maintenance operations. For example, the following ins taf fat ion/ 

replacement types have been identified and investigated: 

.. ' Partial. Interruption 

. Independent 
. . . . . .  . 

The photovoltaic systems designer must perform a detailed optimization 

relative to initial costs, operation and maintenance .costs and the expected 

life of the system. ThiS optlmlzaclan must be performed.while keeping" in 

mind the strong influence aesthetic:considerations dictate in residential 

design. 



Six .basic .topics, pertaining . t o .  the operation and maintenance. of 

photovoltaic arqays were ,investigated in this study. These tasks , -  include:.,^ . , 

. . . I  ' , .  

. General (normal) maintenance 
. . . . 

- . ,.cleaning . . 

. . - : .  ' . t  . 

. Panel replacement . % . .. . 

. Gasket repairlreplacement 

. Wiring repairlreplacement 

. Terminat ion repair/replacement 
It is important to note that the costs generated in this study are detail 

and site specific, and care must be used when attempting to determine the 

applicability of these numbers relative to a manufacturer's specific panel 

detail. . 

. . 
As residential homeowners are not likely to be involved in typical 

maintenance operations, the array must be designed to minimize owner 

invclvement. Likewise, it is necessary that the photovoltaic array be 

designed to minimize all maintenance operations- in order to keep the life 

cycle cost to a minimum. 

Of the above mentioned maintenance procedures cleaning is likely to be 

performed on a fairly regular basis. However, it appears that professional 

cleaning should not be performed more .than once a pear unless the array 

degradation is severe as a result of dirt retention. The only other 

mdintenance category which is likely to add significantly to the operati$on 



and maintenance costs during the life of the array is panel replacement, 

This cost is very sensitive to panel edge and mounting details and extreme 

efforts must be taken to minimi,ze the costs associated with replacement if 

the modules are prone to permanent damage. 
. . . ,  . . _  - :  

- ,  . ., . . . : . . +. . 

Finally, all components of the photovoltaic module and array must be 
b - . , I .  . . 

designed to be maintenance-free and have a design life of 20 years. To 
l .  > I  .,, . '  . ~. . . . ,.. ._ . 

. accomplish this care must be taken in the choice of 'materials, and a design 
. . . . 

' 4 
. , ,  

optimization must include'-a detailed evaluation of the, need "for and the 
' . $ .  . ., . . . , . . .  . : 4  . ' . ,  

associated coote of maintenance. 



SECTION 2 

This final report documents a study of' oieration and maintenance procedures 
' 

and associated costs for photovoltaic modules, panels and arrays used in 

residential applications. The study was performed by ~urt' Hill Kosar 
' q .  

Rittelmann Associates for the engineering area of the Jet prdpulsion 
. . , . . , 

~aboratories Low-Cost solar Array project under contract No. 955614 as. a 
. .,. . ? I  

part oi the U. S. ~e~artment .' of ~ n k r ~ y  sol& Photovoltaic cbnversion ' 

Program. 
. . 

.The primary emphasis of the study was on costs associated with the 

maintenance of the photovoltaic module, panel and array in residential , 

applications. The types of maintenance required includes such items as 

pane1 replacement, wire replacement, cleaning and general/routine 

servicing. The maintenance which will be performed are a direct 

result of the type of problem and the restrictions imposed by the nature of 

the application, lee. , the general lack of residential owners' involvement 
in the maintenance and repair of his house and its systems. 

The direct objectives of this study were: 

. Identify potential operation problems which may surface during the life 
of the photovoltaic array. 

. Identify proper maintenance procedures for the previously 
identified operation problemso 

. Establish maintenance procedure costs. 
1dentif.y major cost drivers and methods for reduction of costs asso- 

ciated with.maintenance procedures. 

2-1 



The approach used in accomplishing these objectives was to first identify 

the potential problems that may be encountered during the operational life 

of the PV array; to investigate the nature of the residential  owners,'^ 
, . .  , . * '  

participation in the general maintenance of his h6me; to establish typi=ai . . 

maintenance procedures which can be used to solve the typical problems 

which have been previously identified; and finally to determine the costs 

associated with these maintenance procedures. In order to complete the 
4 

study the major cost drivers corresponding to the mafntenance procedures . . 
were Identified and where possible methods of reducing these costs shave 

e 
been recommended. The results of that effort are presented in this final 

report. . . 
. . 

2.1 TERMINOLOGY AND DEFINITIONS 
I . , 

I .I % .  

Terminology used in the final report are illustrated in Figure 1. These 

come from the preliminary set of photovoltaic terminology and definitions 

established in 1978 by members of the Photovoltaics Program. The term 

"Residential Photovoltaic Power System" was not* in 1 the original definition; 
! .  

but is provided for completeness. . 

, . 1 .  

Alsb, the following definitions are included for use in this report : , . .  ' 

< '"A 

. .  . , . . .  . ; .  
Durability or Useful Life. Durability 1.8 the average, expected service life 

of components with a specified maintenance progrard taking ihtd .- account , the 

cost of maintaining the component at an acceptable performance level and 

the cost of replacing the component. A t  the point in time where the coot 

of the' mainternnee program exceeds   he cost of replacement, the service 

life of that component has been exceeded. Reliability is the probability 

that a component will perform under stated conditions its' intended 

function for a specified period of time. 



SOLAR CELL--THE BASIC PHOTOVOLTAIC 
DEVICE WHICH GENERATES ELECTRICITY 
WHEN EXPOSED TO SUNLIGHT 

MODULE--THE SMALLEST COMPLETE, 
ENVIRONMENTALLY PROTECTED ASSEMBLY 
OF SOLAR CELLS AND OTHER COMPONENTS 
(INCLUDING ELECTRICAL TERMINATIONS) 
DESIGNED TO GENERATE DC POWER WHEN 
UNDER UNCONCENTRATED TERRESTRIAL SUN- 

4 .  

PANEL--A COLLECTION OF ONE OR MORE 
MODULES FASTENED TOGETHER, FACTORY 
PREASSEMBLED AND WIRED, FORMiNG A 
FIELD INSTALLABLE UNIT 

ARRAY--A MECHAN1CALI.Y INTEGRATED 
ASSEMBLY OF MODULES TOGETHER WlTH 
SUPPORT STRUCTURE AND OTHER COMPONENTS, 
AS REQUIRED, TO FORM A FIELD INSTALLED DC 
POWER PRODUCING UNIT 

. . 

BRAN,CH CIRCUIT--A NUMBER OF MODULES OR 
PARALLELED MODULES CONNECTED IN SERIES 
TO PROVIDE DC POWER AT THE SYSTEM 
VOLTAGE LEVEL 

i 
RESIDENTIAL PHOTOVOLTAIC POWER SYSJEM-- I 
THE AGGREGATE OF ALL BRANCH CIRCUITS I 
(ARRAY(S)) TOGETHER WlTH AUXILIARY SYS- I 
TEMS (POWER CONDITIONING, WIRING, PRO- 1 
TECTION, CONTROL, UTILITY INTERFACE) AND 1 
FACILITIES REQUIRED TO CONVERT TERRESTRIAL I 
SUNLIGHT INTO ELECTRICAL ENERGY SUITABLE I 
FOR CONNECTION TO A RESIDENCE'S 
ELECTRICAL DISTRIBUTION SYSTEM OR A I 
UTILITY ELECTRIC POWER GRID . POWER 

CONDll 

. . 
SOLAR CELL 

MODULE 
. / * '  

/ 

/ 
ARRAY 

r----------- I [ l UTILITY 

Figure 2.1 Residential  Photovoltaic System Terminology 



,. . Serviceability, Serviceability is a' measure ' -of the degree to . which 

servicing the component can be accomplished under specified conditions 

within a given amount of time. Servicing is the performance of operatione 

intended to sustain the intended operation of the component; this includes 

such items as painting and inspecting for mechanical and electrical 

integrity, but does not include periodic replacement of parts or any 

. . .corrective pintenance tasks.. . .. 

: .  . , 

Maintginability. Maintainability is a design and installation character- 

istic indicating the degree of ease with which a component can be restored 

to its proper operation condition. Maintainability is generally seated as 

the quantity of time required to restore or repair .failures. 

Periodic Maintenance. Periodic' maintenance is the action of performing 
I 

normal nablbntanance procedure8 on a syetcrwstfc b e i s  by scheduling service 

and replacement of components in order to maintain performance or prevent 

failure. . . . . . 
. . 

Preventive Maintenance. Preventive maintenance programs are planned 

. procedures designed to retain a price of equipment- or a component at: a 

. ( specified level of performance. 

., . . .I I . ! '  , .. 

... Corrective Maintenance. Corrective maintenance is an action taken as' a 

result of failure in order .to return an item. to a specified level ::of 

performance. . . . . . . .  

Accessibility. Accessibility is the quality or state of being easy to 

access. 

Repairability. Repairability is the quality or state of being easy to 

repair. 



Cleanabi l i ty  . Cleanabi l i ty  .is t h e  q u a l i t y  . o r  s t a t e  of . betng'% easy' t o  

clean. . , . 
. . . 

. . 
0 . .  . . . . . . . '. . . 

. . . . 
: .. . .  . . ,  . 

2.2, COST BASIS ' . . . - .  . 

. . . . i ,  

Costs presented i n  the  f i n a l  repor t  a r e  expressed in .1980 constant., d o l l a r s  

unless  s t a t e d  otherwise. Costs were developed i n  f i r s t  quar ter  1979 

d o l l a r s  and converted --to constant 1,980 do l l a r s :  by use of a '  pr ice  : Inf la ter ,  

. . .  . . . .  . ,. , ..1.170, .../ . .  . , . 

. . 
Two major sources of cos t ing  information were used:' . _ ... . 

1. Engelsman, Coert , ".I979 Resident ia l  Cost Manual", Van ~ o s t r a n d  

Reinholt .,Company, New York, New York,. ,1979. " ( 8  . , .  

. . ' .  .:. . , . . .. . ,  . . , .  . .  .. . 

2. 1979 Means Cost Data F i l e ,  Robert Snow Means Company Inc., Duxbury, , 

Massachusetts, 1979. 

. . 
.;, ...; , ' . .: 

I ( 

. The l a b o r .  cos t s  used .throughout , t h i s  repor t  represent  averagedl 'values 

obtained by inves t iga t ing  the  cos t s  . thr'oughout., the  country o f '  s p e c i f i c  

labor  group s p e c i a l i s t s .  These numbers a r e  inc lus ive  of general  and 

a$minietrative, and overhead costs., but do not r e f l e c t  p r o f i t .  Table 1, an 

. : index: to  geographical a rea  conversion- t ab les  f o r  quoted labor coats, '  cali be 

used t o  more accura te ly  r e f l e c t  the  maintenance cos t s  f o r ,  s p e c i f i c  

loca t ions  throughout the country. 

, . . .. 



2.3 UNITS 

Despite attempts to change it, the residential construction industry 

remains rooted in the English system of units. It is not anticipated that 

the conversion of the industry to SI units will be easy or painless. 

Rather than indiscriminantly convert all measurements to SI units, it was 

decided to leave the English units as best representative of the industry 

today. 
. . 



ALASKA Lnchor lga  C r c e n r l l l e  
F a l r b a n k r  

ARKAISAS F o r t  Smltb 
L i t t l e  l o c k  

CALIFORNIA F r e s n o  

Penracala  

CfOPGIA L t l r n t n  

Ottawa. O n t a r l o  

6 r e r t  F a l l s  

Table 2.1 



SECTION 3 

CHARACTERISTICS OF MAINTENANCE 

Maintenance is the general servicing, repair or replacement of a component, 

system, or piece of equipment.  here are basically two phases of any 
maintenance program: Preventative and corrective maintenance. 

Preventative maintenance programs are planned and scheduled procedures 

which are inacted to retain a component at a specified performance level. 

This may be accomplished by providing systematic inspections for the 

detection and prevention of inpending failures. A preventative maintenance 

plan for equipment or systems should minimize the frequency and difficulty 

of servicing, while providing maximum performance and prolonged life. 

These preventive maintenance programs should be established by the 

manufacturers of the system's components. 

Corrective maintenance programs are procedures performed as a result of 

failure in order to restore a component or system to its designed level of 

performance. Tasks included in such programs include testing, failure 

isolation, and repair/replacement. 

Should an owner determine not to implement a planned maintenance program, 

then the equipment will operate until it fails. This is, however, not a 

recommended approach. If a general maintenance program is not adhered to, 

it, is recopmended that any safety devices in the system be periodically 

inspected to insure operability. 

All maintenance programs include to some degree the following: 

1. Management maintenance policy, which consists of the objectives and 

type of maintenance program, the personnel required, organization, 

performance schedules, and cost information. 



2. Records of the,systems, systems components, and associated equipment*. 

including : 

.a. Construction drawings and specifications , . 

b. As-built drawings , . , .. . A 

:c. Shop drawings and equipment catalogs 

d. Servicing instructions, maintenance instructions, troubleshooting 

checklists . . and spare parts lists.. , 

e.. Service and spare .par.ts sources. 

f . Systems ,diagrams. , . . .  a. , I  ' .  . . 

3. Procedures and Schedules. Thi,s , is the most important part of the 

maintenance program and relates to the operation, inspection, servicing, 

repairing and replacement of comppnents and equipment. At a minimum, it 

includes the following~requirements: 

a. Operating instructions. 

1. Starting and shutdoh .-procedures. 

2. Seasonal adjustments. ; . , . 

3. Logging and recording. 

. . . . 

h. Tnspection 

I. ,, That equipment to be ins,pe,ct.ed . 

2 Points of inspection 

3. Time of inspection 

4. Methods of inspection 

5. Evaluation, recording and reporting 

c. Service and repair 

1. Frequency of service 

2. Service procedures 

3. Repair procedures 

4. Reporting 



5.' Operating and Maintenance Manuals. Operating and maintenance manuals. 

provide instructions and information pertaining to the overall system. 

These manuals should be prepared by the ,system designer in conjunction 

with and/or including the component manufacturer's appropriate 

maintenance information. All 'preventive maintenance procedures should , 

be included with adequate information to perform the necessary 

procedures. Required routine maintenance actions should also be 

included in che maintenance manual and are typically incorporated on a 

permanent label attached to the equipment. However, this label may 

merely indicate the required procedure which is more greatly explained 

in the operation and maintenance manual. 

The operation and maintenance manual can be organized in two parts, 

with Part I containing information on the system, and Part I1 covering 

the equipment components in the overall system. 

3.1 CHARACTERISTICS, OF RESIDENTIAL MAINTENANCE 

. . 

In the residential sector, the owner is the principal charged with the 

responsibility of maintenance. It is the owner's responsibility to 

establish, in a broad sense, the maintenance ,program for his residence. 

His policy will determine: 

a. What type of maintenance program to adopt. 

b. Whether to provide for operation' and maintenance by contract or on , 

his own. 



The housing sector consists of two categories -- single family and 

multi-family dwellings. Within each of these categories, the residence can 

be owned or rented. In general, the players involved in the maintenance . . 

tasks will be different for the two categories of dwellings and the two 

owner types. 

. " .  
I .  

Briefly, single family dwellings, which are rented, and multi-family 

dwellings, which are rented or owned, will be maintained under contract or 

by, arrangement between the owners and a qualif led maintenance person. . In 
. . i . t  . ... " " 

the case of apartments, townhouses, and condominiums, a general maintenance 

person is typically on staff and is capable of perforlnlng general 

maintenance and, in some instances, more difficult/specialized maintenance 

procedures. The costs for these ,operations when performed by an on-staff 

maintenance person will be different than those outlined in this report. 

Investigation of the estimated U.S. housing inventory may be a good general 

indicator of the likelihood of which maintenance procedures and schedules 

will be met. Of the estimated 75 million dwellings in place, approximately 

70% are single family dwellings. Therefore, the majority of residences are 

maintained by the owner or his appointee. The geaeral skill level of the 

homeowner allows for the execution of relatively easy and minor maintenance 

practices. These include such items ,as cleaning and painting and in some . . 

cases ,lubricating and minor adjustments. However, detailed and technical 

maintenance practices are not typically performed by the homeowner. These 

more complex tasks are carried out by more qualified individuals who are 

contracted under a short-term or long-term agreement. 



T h e '  maintenance of photovoltaic panels '  and a r rays  i n  r e s i d e n t i a l  

app l i ca t ions  requi res  varying s k i l l  l e v e l s  i n  order  t o  accomplish the many 

and varied maintenance tasks  associa ted  with these devices. Maintentinre 

t a sks  which a r e  s p e c i f i c a l l y  r e l a t ed  t o  photovoltaic panels include: panel 

replacement, cleaning,  wiring r e p a i r ,  termination repa i r ,  and problem 

detect ion.  There a r e  a l s o  many general  maintenance procedures which All  
- a  . 

be p&formed on the  photovoltaic a r r a y l n  order  t p  maintain a speci f ied  

' a r r a y  output over <he l i f e  of the system. 

' Of the  above inentioned tasks ,  only 'general maintenance procedures, such as  
. . . . 

paint ing,  p a r t i a l  cleaning, and perhaps' v i s u a l  inspection,  w i l l  be 

performed by. the  t y p i c a l  homeowner. The remainder of these tasks ' w i l l  be 

performed under cont rac t  o r  by arrangement by professionals .  

It is important t o  note the photovoltaic a r ray  is  not a complex apparatus, 

i t  is  an e l e c t r i c a l  generator. To the general  homeowner, e l e c t r i c i t y  i s  a 

dangerous and complex phenomenon. Therefore, i n  the minds of most 

homeowners only qua l i f i ed  personnel should perform maintenance tasks  on 

e l e c t r i c a l  equipmento Special  problems a r i s e  when deal ing with 

photovoltaic panels ,  a s  they a r e  e l e c t r i c a l l y  a c t i v e  when exposed t o  l i g h t .  

This increases  the  general  f e a r  f ac to r  r e l a t ed  t o  working on e l e c t r i c a l  

equipment and decreases the  l ikel ihood of homeowner involvement i n  

maintenancelrepair operations. With photovoltaic panels being e l e c t r i c a l l y  

a c t i v e  during daylight  hours, s p e c i a l  precautions must be taken before any 

maintenance t a sks  can be performed. A s  s eve ra l  of these procedures a r e  

required on the  systems l e v e l  i t  is important t h a t  the  system designer have 

a good understanding of the  p o t e n t i a l  maintenance procedures required 

during the  l i f e  of the  system. P r io r  t o  working on the ar ray ,  the  a r ray  

should be placed i n  an open c i r c u i t  mode a t  the  main junction box and 



labeled  t o  insure  the system is not reac t iva ted '  by o thers  a t  the  s i t e .  The 

system should be placed i n  a shorted condition. It is important t o  measure 

f o r  leakage current  t o  ground a s  well 'as any leakage cui rent  through the 

frame of the  system.. As an overa l l  precaution, . the system' should not be 

considered s a f e  u n t i l  checked with, the appropriate measurement. The a r ray  . 

i s  then ready f o r  any maintenance procedures. 

Spec i f i c  s a f e t y  procedures must be developed . f o r  individual  photovoltaic 

power systems. Each component _ i n  a .system should be- supplied from the  

manufacturer with an i n s t r u c t i o n  manual which should include a descr ip t ion  . 

of a l l  s a f e t y  .precciutiono and procedures.' The oystem deoigner o r  the  

system supp l i e r  should provide a systems maintenance manual describing a l l  

maintenance procedures a i d  schedules d e t a i l i n g  the  necessary sa fe ty  

procedures. By adhering t o  the guidel ines es tabl i shed i n  the  maintenance 

manual the  a r ray  should be i n  ,a "safe condition" before maintenance ac t ions  

a r e  i n i t i a t e d .  . . 

. . 

3 
For .a de ta i l ed  desc r ip t ion  of a n '  example s a f e t y  procedure r e l a t ed  t o  

phot?volta.ic a r rays ,  ..see " S a f e  Procedures . fo r .  ' the 25kw so la r  ~ h o t o v o l t a i c  

. Array a t  Mead, Nebraska", by:Massachusetts ~ n i t i t u t e  bf Technology ~ l n c o l n  

Laboratory, 7 . April 1978. The s a f e t y  p r o ~ e d u i e s  recomme*ded by the  

manufactureers. and the photovoltaic systems' desi'gner. must. be ' adhered ' to  i n  

o r d e r , .  t o  insure  t h e .  s a f e  and successful  performance ,of- a l l  maintenance 

ac t ions .  
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SECTION 4 
. . .  $ .  . . . .  . . . . 

. . '  PANEL/ARRAY DESIGN' ' ;' 

.... 
I ' 

% .  

In-,order t o  eva lua t e  the  opera t ton  and" maintenanc'e procedures and c o s t s '  f o r  

photovol ta ic  a r r a y s ,  i t  is .necessa?y ',to1 de f ine  several .  c h a r a c t e r i s t i c s  of 

I 1 .  ; 3 ;  . t he  a r ray .  These c h a r a c t e r i s t i c s  are:  " ('. , . 

. . 1. Panel/Array Mounting: Type . . I  .. . . . .  

. , . . . . .  . .  ... sf.' '2:: . l~~t&l~ation/~eplac~ine~~:,-~'TY~e !?:,< .> . .,.!,,';. . . .>: .a ;;i.,i: . I '  

. . . . . .  
' 3. -Pahel/Array D e t a i l  . . " -. 

,. . ! , ! . ? .  . I.. . , ,  - . . . . '  J . '  

4.1 . PANEL/ARRAY MOUNTING TYPE DESCRIPTION,: . . . . .  

. .  I . . .  ..... : . _ ,  . . . *  , .  , , 

Four gener ic  mounting types . have been. i d e n t i f  l e d  .and , 'def ined i n "  t h e  

"Resddent ia l .  Module and ' ~ r r a y  Requirement ' Study" prepared : by Burt . H i l l  

Kosar. Rittelmann Associates  f o r  t he  J e t  ~ r o ~ u l s i o n  Laboratory , Report 

#DOE/ J~L/955149-79/1. Mounting types a r e  : 

. ./ ...  . . , ..I .. . . . . 

. - . . . .  . .  l . ' . ' R a c k ~ o u n t i n ~  . . .  , , . :  . .  ... 

. . . .  .. 2. . . . : ~ t a ~ d ~ , f ' f  M o u n t i n g  ?'.? . ' . . .  .). . . 

. . 
3. . Direc t  Mounting ' . . 

; . :,, . ; - . .  , . -., .. 4. I n t e g r a l  Mounting 'a: . . ,  . 

. . .  -. * . . .  :. , . . .  . . : . .  . 

Figure 4.1 shows the  fou r  mounting types and p o t e n t i a l  pane l l a r r ay  d e t a i l s .  

Severa l  important c h a r a c t e r l s t i c s  of these  mounting types must be 

understood before opera t ion  and maintenance procedures can be described. 

The fol lowing i s  a b r i e f  desc r ip t ion  of each of these  mounting types: 

1. Rack Mounting: Rack mounted photovol ta ic  a r r a y s  can be loca ted  on 

t h e  ground away from the  res idence  or  on the  roof of the  residence.  

.. Of the  four  mounting types,  rack  mounted panels  a r e  perhaps the  



Direct 
, . _  . . .  

- .t ' 

, Integral , 



e a s i e s t .  t o  i n s t a l l  and maintain. This. is due t o  the r e l a t i v e  b i ' e  
4 : 

o f  a c c e s s ~ b i l i t y  t o  both the f ron t  and back surfaces o f ,  t h e p a n e l .  
. . 

This is  especial.19 t r u e  o f ,  ground mounted arrays. Panels can be 
. .. . .  . ( . . .  . .  , . 

e a s i l y  cleaned, wiring systems a r e  e a s i l y  access ib le ,  and 

genera l ly ,  mounting systems a r e  e a s i l y  reached , for  panel 

replacement.' Also, a s  t h i s  mounting type does not requi re  ar ray  

waterproofing, a minimum amount and number of mater ia ls  a r e  used i n  

t h i s  i n s t a l l a t i o n .  Theref ore ,  during ,maintenance ' procedures, such 

es, panel replacement, add i t iona l  cos t s  a r e  n o t  required f o r  the 
. . . . 

replacement of expensive mate r i a l s  o ther  'than the  ' panel i t s e l f ,  
. . 

1.e. no expensive gaskets  or  waterproofing mater ia ls  a r e  required. 

" . 

There a r e ,  however, some. drawbacks t o  ' rack mounting. of PV ar rays .  

S t r u c t u r a l  cos t s ,  both i n i t i a l  and maintenance, can be . high f o r  

t h i s  type of mounting technique. A s  seen i n  e a r l i e r  s tud ies  the 

use of wood is recommendsd f o r  =ack mounted arrays.  This implies 

e i t h e r  spec ia l ly  t r ea ted  woods o r  the paint ing of the  rack 

s t ruc tu re .  This requi res  add i t iona l  maintenance tasks  be performed 

over the  l i f e  o f '  the  array. Another c r i t i c a l  problem associa ted  

with rack'mounted a r rays  and r e l a t e d  t o  the maintenance of such 

a r r a y s  i s  the  areas  around the  roof penetrat ion caused by the  rack. 

Special  d e t a i l i n g  and care  must be given t o  these roof penetrat ions 

t o  insure  the  water t ight  i n t e g r i t y  of the roof. 

2. Standoff Mounting: Elements t h a t  separa te  modules or panels from 

the  roof surface a r e  known a s  etandoffs.  By avpporting the panel 

away from the  roof surface,  air and water can pass f r e e l y  i n t o  the 

module. ~ o w e i e r ,  the  panel t o  roof surface distance is typ ica l ly  

emall, on ' . t he  order  of . s i x  inahes, and . ,. . does not allow the easy 

access of the  r e a r  surface of the  panel. This implies, tha t  a l l  

i n s t a l l a t i o n  and maintenance procedures need t o  be performed from 



, : . . . I . . . . 

the easily accessed top surface. This will require specially 
_.: " I  . . . . . . .,' 

designed mounting details and electrical integration details. 
. . . . . ,  . * ,  . , ..* . . .  

' .  . . . . . 

However, this mounting type does utilize fewer materials associated 

with . .  structural . support of the array.. As with the rack mounted . . . . ... . . - v . . ,. 

arrays, special attention must be given to ,the detailing oi any 
" - .. . . . . 

roof penetrations. This implies that the overall installation 
, .I 

costs for a standoff mounted array will be less than that 
. . .  . . .  . . :. . . 

associated with a rack mounted,. array. This does not imply that the 
. .  .. 

l . . .  1 . .  I . ' . '  . 

costs relative to operation and maintenance will be lower. Unless 
0 .  . . , 3 

: . ,  

considerable effort is employed in the deeign of the array, the 
S . . . , . . 

standoff mounted array will be extremely difficult and costly to 
. . , . .  . . .._ 

maintain. 

3. Direct Mounting: Installation of direct mounted panels is 
. . ,  . . '  . ,  

accomplished by attaching the panels directly to the roof surface. 
,. . . 

L .  . " ..( . , . " . .  

This mounting type eliminates the need for additional structural 
. . 

supports. Special care must be used in developing and detailing 
. .  . , . 

direct mounting modules as they act as a waterproof membrane. If a 
. . . . .. - L ._1 

. . 

typical panel is used, perimeter waterproofing is needed; if . , : . . . ., . ... _ .. . 
shingles are used, the simple overlapping technique. will afford a 

. .  . , : 

watertight surface. 
~. . . ., . .  . . . .. . 

v .  .. . . . :  ... . . . 
Due t o  the direct mounted 8ystemts inherent contact A t h  the roof, 

oeveral major problems exiet. These prsbleme are sPmilar t e  thoae 
. -  . . . . . . -. , . 

experienced when using a standoff mounted system. It is necessary 
. . .... . .  . . , . 

for all insrallarion and elecrrkal &ceiling t o  06eeur .on rhe 
:.. . , 

exposed surface, thus allowing easy installation, maintenance and 
. . '  . , 

. . . . 
repair procedures. 

With shingle type modules, special consideration must be given to 
-r . . 



the maintenance procedure . . .  as the  in te r rup t ion  of surrounding , . % . .  ' . . .. . 

modules must be minimized . t o ,  reduce. , the , probabi l i ty  of damaging. . . . .  . .  . . 
add i t iona l  modules. A more de ta i l ed ,d i scuss ion  . . of t h i s  problem can , 

be found i n  Section 4.2 ~nstallation[Replace,ment . . Type . . Deacriptlon. 

4. I n t e g r a l  Mounting: I n t e g r a l l y  mounted panels a r e  placed within the 

roof s t r u c t u r e  i t s e l f .  The panels a r e  supported by the  ex i s t ing  

roof s t r u c t u r a l  framing members, and serve a s  the  f in ished roof . . 

surface. Theref ore ,  the. roof becomes a waterproof membrane. With 

the  a r ray  ac t ing  a s  the roof, specia l ,  problems e x i s t .  I n  the  event . . . .  . 

t h a t  a photovoltaic panel must be removed, i t  is imperative tha t  a 

replacement be i n s t a l l e d  immediately. . ~ Without a replacement, the 
) 

. , 

roof is then open t o  the weather increasing the r i s k  of damage t o  .: . . 
the  i n t e r i o r  of the house, . . . . 

I n s t a l l a t i o n  and e l e c t r i c a l  connections, a s  well  a s  maintenance, 
z procedures, can be performed . from the a t t i c  area  o f ,  ,the . . residence; 

provided the  panels a r e  not at tached above a'  ca thedra l  ce i l ing .  

This mounting technique allows f o r .  venting of the back ,surface of 

the  panel. However, uneven heat ing of the a r ray  may occur i n  the  ' 

event t h a t  improper venting occurs i n  the  a t t i c  space. Therefore, 

care  must be taken during the  maintenance operat ion t o  insure  tha t  

the  proper replacement of any i n s t a l l a t i o n  mater ia l  i n  the  dead 

space of the  a t t i c  c e i l i n g  o r  a e h e d r a l  c e i l i n g  takes place. 

Maintenance operat ions associated with the r epa i r  and replacement 

of wiring, the  de tec t ion  . . of : e l e c ' t r i c a l  problems, and the general  

, e l e c t r i c a l  t e s t i n g  .of $he a r ray  can rake place during any weather 

conditiuiie, as '  theee .opcra t ions  mn .take place under the cover of 

the  residence. It should a l s o  be. noted t h a t  no .addi t ional  foof 

s t r u c t u r e  and associa ted  maintenance of s a i d  s t r u c t u r e  w i l l  be 

required i n  , th i s  mounting system. . , . . 

. . 



4.2 INSTALLATION/REPLACEMENT TYPE DESCRIPTION 

1n.panel ized  const ruct ion  there  a r e '  three  ca tegor ies  i n t o  which 

i n s t a l l a t i o n  and maintenance operations may f a l l .  These c l a s s i f i c a t i o n s  

r e l a t e  t o  the ins ta l la t ion/ repl&ement  type and t h e  procedures necessary"to 

perform these operations. These three ca tegor ies  are:  

1. Sequential  

2. P a r t i a l  In te r rup t ion  
.-4 ,. . 3 

3. Independent 

Each of these ca.tegories imposes c e r t a i n  design, i n s t a l l a t i o n  and 
. t 

m a i n r e ~ s e e  requirements on the panel and array.  Both the  i n s t a l l a t i o n ,  
, # \ :  . 

and opekit  ion and &intenance cos t s  w i l l  be =onsiderably d i f f e r e n t  f o r  the 
. I '  

t h r ee .  ca tegor ies .  '' 

. . ,  

. . .. . . 
The following i s  a b r i e f  descr ip t ion '  of each of the t'hree panel 

cons t ruct ion  types: 

1. sequent i a i  : Sequential  reqr~i tes the .successive 

i n s t a l l a t i o n  and/or removal of panels. A good emnple of 

sequent ia l  paneling i n s t a l l a t i o n  is seen i n  the  i n s t a l l a t i o n  of 

shingles.  The rows a r e  i n s t a l l e d  successively i n  courses from vent 

t o  ridge. It is not unl ike ly  in a sequent ia l  paneling i n c t a l l a t i o n  

t o  f ind the f i r s t  i n a t a 1 i . e ~  1~ the l a s t  panel remousd. i n  
. . 

t he  event t h a t  t h i s  f i r s t  i n s t a l l e d  panel i s  damaged o r  requi res  

replacement, a l l  of the precccdlng panels must b rumoved i n  order 

t o  replace the  damaged panel. 

Due to  the  sequent ia l  nature of t h i s  panel construct ion type, cos t s  

can be.reduced a s  components of the system can be shared. However, 

4-6 



. . - 
this construction type is the most expensive from a maintenance 

. . .  . . 

standpoint. In order to successfully utilize sequential paneling . . . . 

for-photovoltaic systems, it is necessary to reduce, the need for. . ,  
.. . . . 

maintenance, requiring replacement of panels, by hsuring long, , . 
. , .. . 

uninterrupted life of the . panel.. This requirement may impose . 

severe restrictions 'm the 'materials and of photovoltaic 

arrays. Therefore, it is necessary to perform a thorough 

optimization relating initial costs and maintenance costs over the 

expected life of the system. 

Due to the potential for high maintenance costs associated with . . 
sequential paneling systems,' it is not likely in the near future to 

. . , . , . . , .  

find photovoltaic arrays requiring strict sequential paneling 
, . . . .  .. . 

techniques in maintenance operations. It is possible, however, to 

have panels requiring sequential installation but not sequential 

removal for maintenance purposes. The shingle module is a perfect, 
% .  

example of this type panel. 

2. Partial Interruption: A building panel which falls into a partial 
7 

interruption category can be replaced by disturbing only the 
. . 

adjacent panels. This technique will be more expensive to. use for 
. ..# ' . . 

the installation of panels but less expensive to maintain than the 

eequrntial paneling technique. It will be possible in this 
I .  

technique for adjacent panels to use common parts. However, due to 

the use of common parts it becomes necessary to disturb the 

surrounding panels during certain maintenance procedures,. such as 
. . 

panel replacement. In the event that a panel must be removed from . . 

this  type eystkm, L t  Is necessary to replace it immediately with a 

new panel or 'a dummy panel to insure the integrity of the mounting 
, ' 

. . 

system. 
J . ,  ' 



.. . 
3. Independent : independent paneling is ' a panelized construction 

where panels can be installed, removed and replaced for maintenance 
- 

with no additional interruptions or disturbances of the surrounding 

panels. This panelized construction technique is the least 

expensive from a maintenance labor standpoint and from an 

installation labor standpoint. However, materials cannot be shared 

by adjacent panels thus increasing the materials costs associated 

with this technique. 
. . 

. . .  

Each of these installatibn/reglacement types require different panel edge 
/ _ _-/ detailing. In order to generate cost data for maintenance procedures it 

will b e  neceaasry tn  'panel edge detail0 nosociated with each 

panellarray mounting type aid installatio~/repl~cemenr type. The following 

section 4.3 PanellArray ~'etails will explain individualized panel odep 
. . 

, details. 

4.3 PANEL) ARRAY DETAILS 
. . 

The finest level of detail 'associated with the design of a photovoltaic 

array is that of the panel edge details. 'These details will strongly 

influence, hot only the installation costs, .but, perhaps more critically, 

the maintenance costs associated with the replacement of a panel. This 

section will describe a number of details, which were .generated for this 

study . 
. . 

Recalling from the previous section that there are three types of panelized 

construction, 

. Sequential 

. Partial interruption 
Independent 



specific details for each can be generated. In some cases, hqwever, these 
2 '  .. . . < .  

edge details can be . utilized in installations. using any of, the basic 
,, . . . . . 

I 

mounting configurations., . .  . , . 
. . 

. . .. . r d 

Figure 4.2 shows a detail utilizing sequential paneling techniques for both 
' < .  

. .  * 
, . . .  ^ .  i 

,installation and maintenance operations. I t .  can be seen, that the 
. . , 

.transverse section does not require, gasketing material; but the 
. . .  . . 

longkudinal section employs gasket eterial in, order to , insure a vater- 
. , 

tight membrane. Therefore, the overall installation costs associated with 

this type edge detail can be reduced when compared to other det,alls 
. .  . . . ' ,  ' 2 .  

described in this section. : During the maintenance operation, however, . . .  

other panels in the column and row muet be disturbed. Another important 
I . .  

feature . . of this detail, i$ the possibility,pf incorporating the electrical 
. . , . ' .  . . * . . . ,. 

interconnects in the mechanical interconnect ass.ociated.with . . the transverse . . I . '  

section. This will likewise reduce the installation, as well as, the 

maintenance costs. 

, 
It is possible to have a panelized construction module that uses sequential 

installation techniques but can be classified in the partial interrupt10,n 

category for maintenance purposes. The photovoltaic shingle module is an 

example of such a device. Figure 4.3 shows a portion of a photovoltaic 

array using the shingle module, The shingles are installed in rows moving 

sequentially from eave to ridge. The replacement of a shingle requires 

only partial interruption for maintenance purposes. As with the previous 

detail, gasketing material is not required for this detail to function as a 

watertight membrane. 

. .  . 

The details depicted in Figure 4.4 are examples of edge details used in an 

integral or direct partial interruption installation. This technique 
. . 

requires the use of extensive gasketing material to insure watertight 

integrity. Also, during a maintenance procedure which requires the removal 

of a panel, the four surrounding panels must be disturbed. This increases 



t h e  p r o b a b i l i t y  of damage ' t o  o the r  panels  and t h e i r  gaske t ing  mater ia l .  

This  edge d e t a i l ,  however, is s i m i l a r  t o  , t hose  t y p i c a l l y  used i n  t h e  

g l a z i n g  i n d u s t r y  and is a t r i e d  and proven method f o r  the i n s t a l l a t i o n  of 

g l a s s  panels.  

F igu re  4.5 shows two d e t a i l s  which can be used a s  v e r t i c a l  j o i n t s  i n  an 

i n t e g r a l  o r  d i r e c t  independent mounting system. These d e t a i l s  provide a 

waterproof membrane without  t he  use of gaske t ing  m a t e r i a l  and provide f o r  

qu ick  and easy i n s t a l l a t i o n .  The ho r i zon ta l  j o i n t s  a r e  made by simply 

over lapping  t h e  panels ,  With t he  use of a s p e c i a l  t o o l ,  t h e  removal of a 

pane l  becomes a r e l a t l v e i y  slmple a'perati~n. 

The simplest edge d e t a i l  s t ud i ed  tyn  be seen i n ,  Figure 4.6. This  d e t a i l  

can be used i n  rack  and s tandoff  app l i ca t i ons ,  and i s  an  example of an 

independent pane l ized  cons t ruc t ion  type. The panels  sufrounding a panel  
" '& ; 

r e q u i r i n g  replacement w i l l  not  be d is t rubed .    his d e t a i l  is extremely 
, 4 .  

simple.  t o  i n s t a l l ,  and t h e  maintenance opera t ions  requi red  can be performed 

wi th  l i t t l e  problem. However, t h i s  example is  i n  need of a d d i t i o n a l  

suppor t  s t r u c t u r e  i n  o rde r  t o  be u t i l i z e d  i n  an app l i ca t i on .  This  w i l l ,  of 

course ,  i nc rease  t h e  o v e r a l l  i n s t a l l a t i o n  c o s t ,  bu t  w i l l  have l i t t l e  e f f e c t  

on the maintenance costs. 

Again, i t  is important  t h a t  t he se  are example d e t a i l s  only used f o r  c o s t i n g  

purposes  i n  t h e  fol lowing sec t ions .  Care must be used when a t tempt ing  t o  

u se  t he se  d e t a i l s  f o r  c o s t  comparison purposes. 
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I 
Threaded terminal boss to 
receive plastic screw from 
overlapping shingles. . 

' PRI 
OR Pldstic Screw i s  

inserted .and tighened 
to make high pressure 
electrical connection 
between negative 
terminal here 8, 
positive terminal of 
shingle underneath. 

Figure 4 .3  
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SECTION 5 

OPERATION/MAINTENAN~E 

There are six basic topics pertaining to the operation and maintenance of 

photov~itaic arrays which will be discussed in this section. These general 

topics include: 

1. General (normal) Maintenance 

2. Cleaning 

3. Panel Replacement 

4. Gasket Repair/Replacement 

5. Wiring Repair 

6. Termination Repair 

Under each of these topics, where possible, a standard procedure was used 

to identify operation and maintenance problems, procedures, and costs. The 

basic procedure used was first to identify problems associated with each of 

the above mentioned topics. The problem statement is followed by a 

detailed description of maintenance procedures. Having previously 

identi.f ied mounting and panel construction details, costs were identified. 

to perform the appropriate maintenance piocedures. In order to complete 

the, operation and maintenance cost study cost drivers were identified, and 

methods for reducing these costs have been recommended. 

It is important to note that the costs generated in this study are detail 

and site specific, and care must be used when attempting to determine the 

applicability of these numbers relative to a manufacturer's specific panel 

detail. As photovoltaic panels and arrays are not in abundant use, it was 

necessary to use, where possible, numbers relative to the installation of 

components similar to the photovoltaic panels. Estimate-s of the amount of 

time necessary to perform c&tain installations and procedures were also 

used. 



It is  a l s o  important t o  note where de ta i l ed  cos t  breakdowns a r e  given, a 

cont rac tor  is not l i k e l y  t o  quote a p r i ce  f o r  a maintenance procedure, in_as 

much d e t a i l  as is given i n  t h i s  study. For example, where t r ave l ,  set-up 

and clean-up a r e  itemized, a cont rac tor  w i l l  provide a lump sum quote f o r  

the  e n t i r e  maintenance task. The cos t  operation w i l l  be the same on a 

residence 10 miles from the  cont rac tors  s i t e  a s  one 30 miles from the site, 

a s  quoted by the contractor .  

5.1 General (Normal) Maintenance 

Normal maintenance is t h a t  maintenance wh$ch 1s required on a p ~ r i n r l i c  

b a s i s  t o  reduce the  chance of f a i l u r e  and Lmaintain an accepted l e v e l  of 

performance. Actions involved i n  normal maintenance include v i sua l ,  

mechanical, and e l e c t r i c a l  inspection of panels, fas teners ,  and wiring. 

Also, some photovoltaic ar rays  may require port ions of the s t r u c t u r e  be 

coated o r  painted i n  order  t o  insure  the  i n t e g r i t y  of the s t r u c t u r a l  system 

throughout the  expected l i f e  of the  array.  These normal maintenance 

procedures could e a s i l y  be performed by the  owner of the photovoltaic 

system o r  by a groundskeeper or by a general maintenance .person. The 

required preventive ac t ions  depend on the  panel design and the  mounting 

type r e l a t i v e  t o  ma te r i a l s  se lec ted  and expnsute of those mater ia ls  t o  

elements which could cause t h e i r  degradation. 

Visual inspect ions  and mechanical inspections requi re  the  inspector  t o  

climb onto the roof, f o r  roof mounted ar ray ,  and across the a r ray  t o  gain 

access  t o  each panel. For t h i s  reason, v i s u a l  and mechanical inspections 

should be performed during the  performance of another maintenance 

operation. Cleaning is one such operation which requi res  general  access t o  

the  outer  surface  of the panels. I f  a defect  does develop i n  a panel-, 

v i s u a l  inspect ion  would be most revealing a f t e r  the cleaning of the array.  

Having es tabl i shed a c c e s s i b i l i t y  t o  the a r ray  f o r  v isual  inspections,  two 

opt ions  a r e  r ead i ly  apparent: 

Option 1: Cleaning personnel could Be cspecial&y 'trafned <to  loca te  



'r . 
Opti'on: 2 ::   he,: owner: o r : ' qua~ i f  fed: inspect  br: could[ examine! the: panel's: 

a .  
. . . ,.. A. 

d l r ing :  the! cSeanSng; operati'on;,' using; l'adiiiirsi andlbr: scaffol'ding; 

Superfi'ci'al'. vi'sual:. inspections coul'd' be, performed: by the. owner: a t  any; point 

inr time! fromr any,I avai~latil'e! vantage! poSntio 

Normalt. el'ectri'call. inspecti'ons; slioul'dl tie! performed! on\ tlie! system! Ievel;., The: 
. .i.: .. .. 

method: is;, theref  ore  ,, a: systems: problem: and: ttieref ore! beyond'. the: scope! of '  
> . ., -, ' i: . . t t  

thi's; study,., 
' I  

1 : 

~ r o b r e m s i  wlii'ch! may, bee! i 'dent ' lfi '~d\ by, visual1. andl mectianfcal! inspection,  

indude ; ,  mi'nor: gaps; between, panels;, l'oosenedi fastening;  devi'ces;, pai'nt. on 
: 
frames) or: s t ruc tu res ;  wearing; or: peeling;, broken, c o v e r  glazing,,  terminal.  

, , 
boot: damage;, andl terminal! contact: corrosSon/,oxfdatibn., 

Minor: gaps; betweeni panels; that :  f ormi a \  watert ight:  membrane, may, bet seal'edt 

 by,^ caulking: with! an! el'astomeri'c: caulking: compound',, i f :  the1 gaps: a re*  not 

vi'sual*ly; noticeable!  andl Sf' the: panel's: have! s e t t l e d l  in to ,  a ,  s table!  positfon;. 

Major: gaps; r e su l t ing ;  f romt poor: desi'gn;, poor: SnstalnSat ioni o r .  fastening;  

devices.,, or: from: adverse: weather: condit Sons; require,  more: extensfbn! repair .  
r . . . . . 
procedhres. 'fhese; procedures; dbl not: filrlt. undir: 'the! category, of! normal]. 

masntenance! andl wi*lnll. be! dealt': with, iin\ secti 'o*~: 5.31 and1 5.4';) 
C .  

Coosenedl fitstenihg; dkvi'ces: coul'd? r e s u l t :  fi.om* tliermaill. cycl'Cng: andlor: wind\ 
, . 

Sndbcedl upl.if t.: andl vibra'ti'bn., Procedbres; necessary; for: tlie! repair: of! 
i - , * . : a  , . . . 
l'oosenedl fas tening;  dkvi'cesi coul'ddl range? f h m ,  the! simple! t ightening;  of: these: 

dev,i'cesi (if! no, damage! t o ,  the! fastener: or: p.aneli.'has: resul'tedD;, repl'acement: 

of.' the! fasteners;  (;if: tlireadedl connectfons; a re?  s t r ipped \ ,  bent: or: corrodkdl):, 



t o  t o t a l  panel replacement ' ( i f  t he  f a s t e n e r s  a r e  not  removable from the ' '  

. . . . 
panel) .  

. . 

There a r e  two c a t e g o r i e s  of pa in t ing  a s soc i a t ed  with normal maintenance' 

procedures  : 

1. Pa in t ing  o'f t he  frames of the 
. . 

2.  Pa in t ing  of t h e  support  s t r u c t u r e  
. . 

P a i n t i n g  of t h e  panel  frames may be 'requi&d i f  those frames a r e  of a  

c o r r o s i v e  m a t e r i a l  o r  i f  t h e  architectura?':character d=mandi"the co lor  o f  

t h e  frames be d i f f e r e n t  than the  n a t u r a l  co lo r  of t he  ma te r i a l  from which 

they  a r e  made. Array rack s t r u c t u r e s  may a l s o  r equ i r e  pa in t ing  f o r  t he  

same reasons. The frequency of r epa in t ing  w i l l  vary with,' t h e  ' 

wea the rab i l i t y  of t h e  coa t ing  used on t h e  m a t e r i i l . ' k n d '  t h e '  c l i m a t i c  . 
. . ' ,  

cond i t i ons  t o  which i t  is expbsed. pa in t ing  o p e r a t i b n s a r e  c a r r i e d  out by 
. . 

e i t h e r  t h e  owner of the  house or  cont rac ted  t o  professiona'l  pa in t e r s .  bbe 

t o  t he  l o c a t i o n  and t h e  s i r e  of  a  r e s i d e n t i a l p h & v o l t a i c  a r r a y ,  t h e ' l a t e f ,  

t h e  p ro fe s s iona l  p a i n t e r ,  will most l i k e l y  perform t h e  p a i n t i n g  operat ions.  

The procedures necessary f o r  pa in t ing  include;  c leaning  'the su r f ace  t o  be 

pa in ted ,  sc rap ing  and sanding, and applying pa in t  t o  t he  c lean ,  smooth 

sur face .  ~ e t h o d s  of -applying paint.' t o  ' ti su$fa=e '''incrude; brushing, '  
. . 

: . I 

rol l  i ng, and spraying'. 

p a i n t i n g  c o s t s  w i l l  vary wi th  the  s u r f a ~ e  a r e a  t o  b e  painted,  t h e  condi t ion  

of  t h e  sur face ,  t he  su r f ace  conf igura t ion ,  and a c c e s s i b i l i t y .  - The cos ts .  

l i s t e d  i n  Table 5.1 f o r  t h e  pa in t ing  of frames were generated '  from f i g u r e s  

and '  formulas take* from Engelsmanq s, '" 1979 Rbsi d e n t i a l  Cost b n u a l "  'and an  



overhead percentage developed from Means, "1979 Building Construction Cost 

Data File". These costs were for the application of one coat of oil based 

paint by brush.. In order to establish costs for frame painting a typical 

array with the following specifications . . was used: . . 

-, 

Array Size - 1,000 eq. ft. 

Panel Sizes - 32" x 96", 32" x 48", l6".x 48",. . .  . 

Frame Perimeter - 21'-4" 
. . 

Frame Width - 2" internal, 1" perimeter 

Surface Area - 125 sq. ft. 

Roof Height - 1 Story 
Slope 45' 

The costs for painting a steel rack structure which eupports the 

photovoltaic array were based on surface area, in square feet, multiplied 

by the cost per equare foot for painting steel window sashes. Surface area 

was determined 'by examining the surface area per ton for light structural 

steel listed in Means 1979 Building Construction Cost Data File multiplied 
. , 

by the weight in tons of steel for the rack structure, previously 

determined in Table 14-19 of the "Residential Photovoltaic Module and,, 

Array Requirement Study." The costs per square foot were obtained from 

Engelsman's, "979 Residential Cost Manual." 

. . .  

The costs,,for painting a wood rack structure were also based on surface . . 

area in square feet multiplied by the cost per square foot for painting the 

trim. The surface area was determined from the number of board feet listed 

in Table 14-20 ,,of the "Residential Photovoltaic Module and Array 
e .  

Requirement Study." A breakdown of these costs can be seen in Table 5.1. 

Broken cover glazing, terminal boot damage.and contact corrosion/oxidation . . 

will be identified by normal maintenance procedures, but their repair is 



ARRAY SIZE 

PANEL SIZE 

1 B W  EQUIVALENT AREA = (Lineal Ft. of frame) x [ (2.5) Multiplier used to 
compensate. for the degree of difficulty in paint- 
ing window frames.] 

2 PAINTING COSTISQ. FT. = Labor and material costs for sanding, primer and 
one coat finish + 20% additional labor cost for.'' 
sloped application. . - 

3 COST OF FRAME PAINTING = (FRAME EQUIVALENT AREA) x (PAINTING COSTISQ. FT.) 

4 TOTAL FRAME.PAINTING COST (ROOF) = (COST OF FRAME PAINTING) + (TRAVEL/ 
TRANSPORTATION COET) + [(R.OOP) SET 
W/CLEAN UP COST] 

'5 TO+AL FRAt63 PAINTING COST (GROUND) '= (COST OF FRAME PAINTING) + (TRAVEL/ -'' 
TRANSPORTATION COST) + [(GROUND) 
SET UP/CLEAN UP COST] 

Table 5.1 Frame Painting Costs 



. , 

1,690 S . F .  '. 

Painting Costs/Sq. F t .  

TOTAL RACK PAINTING COST 

Table 5.2 Rack Structure Painting Costs 

TOTAL PAINTING COSTS 
(32l1x96'' Panels) , (8Ix133' ) Array 

Rack Structure 

Table 5.3 Total Rack and Frame painting Costs 



HOURLY LABOR RATE craint1n,:) 

LABOR TYPE 

Painter 
Overhead 31% 

TOTAL 

30-45 Nin. 

. . .  

COSTIHR 

Travel to site 
Transportation to site 
Travel/Tranaportation to Site, 

$ 8.00 
$ 2.50 

$10.50 - 

Travel from aite 
Traneporrecion Ytioin el te . 
Travel/Trsn~portation from aite 

SOURCE 

Hourly Lsbor Cost x hours required 
$0.30/mile x 20 miles 

COMMENTS 

Engclmnn's 1979 Residential. Cost Manual 
Heanfi 1979 Ruildi~lg Constructton Cost Unta ' 

Hourly Labor Coat x hours required 
$6.30/mile x ,2O .milee 

Profits are not included .' 
Normal profits are 10% of the 

total cost. 

TRANSPORTATION 8r TRAVEL COST 
AVE.COST 

10-15 Hin. . 
10-15 Nin. 

G12.5G 
$12.56 
$25.12 - 

Set Up Leddera 6 Equipment 
Clsen Up Loddora 6 equip mi^^ 
TOTAL ROOF SET UP/CLEAN UP 

OPERATION 

~ravel/~rafisporcacibn to dite . 
Travel/Transportation from site 
lUTAL IRAVEI./TRANSPORTATlON . . 

Set Itp Tools 6 Eqllipment 
Clean Vp Tools 6 Equipment 
TOTAL GROUND SET UP/CLEAW UP 

COMMENTS 

Estimate 

SET UPICLEAN UP (raintin,, 

Table 5.4 Painting Cost Base 

LOCATKIN ITME REOURED AVE.COST 0PERATK)N COMMENTS 



not a normal maintenance procedure. R e c t i f i c a t i o n  of these  problems..are , 

- c o r e c t i v e  i n  na tu re  a n d . w i l 1  be discussed l a t e r  i n  t h i s  sec t ion .  

5.2 Cleaning - .  

. . ,  . 
The depos i t i on  of a i rbo rne  d i r t  p a r t i c l e s .  on photovol ta ic  pane ls  has 
. . 
h i s t o r . i c a l l y  been one of the  most' s i g n i f i c a n t  f a c t o r s  ' r e l a t i v e  to. power 

output  degradat ion i n  experimental  photovol ta ic  power systems. Although 

t h e  presence of p a r t i c u l a n t s  i s  un ive r sa l ,  t h e  r a t e  of accumulation and 
.. . 

type  of p a r t i c u l a n t  bui ldup w i l l  vary wi th  each l o c a t i o n  and wi th  t h e  

a b i l i t y  of t h e  cover g l az ing  m a t e r i a l  t o  r e t a i n  d i r t .  Ca tegor i ca l ly ,  
. . 

urban, suburban and r u r a l  l o c a t i o n s  show g r e a t  d i f f e r ences  i n  t he  r a t e  of 

accumulation and type of a irborne '  p a r t i c l e .  . b  . .  

Poss ib l e  cover g laz ing  m a t e r i a l s  can be divided i n t o  s e v e r a l  ca t egor i e s ;  

inorganic  g l a s s  shee t ,  a c r y l i c  s h e e t ,  f i b e r g l a s  re inforced  shee t ,  po lyes t e r  

f i l m  m a t e r i a l s ,  and laminated polycarbonate f i lms.  Acry l ic  shee t  d i sp l ays  

t h e  g r e a t e s t  d i r t  accumulation, and inorganic  g l a s s  shee t  and laminated 

polycarbonate f i lm8 r e t a i n  t h e  l e a s t  amount of d i r t  p a r t i c l e s .  

C leanab i l i t y ,  t h e  ease  of removing d i r t  p a r t i c l e s  from the  su r f ace ,  r e l i e s  

on t h e  bond between the  cover g l az ing  and the  d i r t  p a r t i c l e s .  The bond 

s t r e n g t h  is r e l a t e d  t o  t he  porous i ty ,  su r f ace  t ex tu re ,  and chemical 

s t a b i l f t y  of t h e  cover g laz ing ,  a s  we l l  a s ,  t h e  chemical s t a b i l i t y  of t he  

d i r t  p a r t i c l e s .  Non-porous, smooth tex tured ,  chemica l ly '  s t a b l e  m a t e r i a l s  

tend t o  be e a s i l y  cleaned with a  v a r i e t y  of c leaning  s o l u t i o n s ,  while  

porous, rough tex tured ,  chemical ly uns t ab le  m a t e r i a l s  r e q u i r e  more e f f o r t  

wi th  s p e c i a l  c leaning  s o l u t i o n s ,  mild enough t o  leave  the  chemical makeup 

of t h e  m a t e r i a l  unchanged. As a r e s u l t  of ' the c r y s t a l l i n e  bond wi th in  

ino rgan ic  g l a s s  shee t s ,  g l a s s  is  easy t o  clean. The weak bonds i n  a c r y l i c  

s h e e t s  a r e  e a s i l y  broken b y - a  v a r i e t y  of chemical so lu t ions ,  and a r e ,  



therefore;,  easy,I toi scra tch;  and; dif  fi'cul't: to:  cl'ean., 

Transparent: m a t e r i a l r  ~ u r r e n t l y , ~  used; i n \  res ident ia l1 ,  app.l'icati'ons;, withi .the! 

excepti'onl of! repl'aceabl'er storm: windows: and' Syl'i'ghts;, have! 'tieenl l'imitedl to ,  

inorganfc: glassi  sheets., Operatibns! for: cl'eaning; g las s ,  in\  tlie! homeh are! 

normal*:, performed!  by,^ the! owner: ofi the,  resi'dence.. Motives; for: cl'eani'ng; 

SncIude! the! needl for: an\ unobstructed! vi'sual', rel'ease! t o )  the! exter ior :  of 5 the! 

home! andl the! needl to)  remove! dSrt:  whi'chi is, eassl'yr noticed:. l: , 

~fi:4~'~.'<.I'eaaaiia~: sequence! i'nvol'vesi spraying; an! ammon~i&afet: ssXufibn~ en, the) 
, .. & 

w h d i r w ; ,  wipi'nii the'! s o l k t  ibn! and! di'rr: f irom!"ihe!:.surfice!~ wfth~ a\ paper: .cawell,, 

'aii'dl poli'shing; the! surface! with: a \  cl'eanf pa$er: towel'., '.In1 l'arge! resi'dences;, 

the+ window! cl'eani'ng; operati'ont i 's~ contracted! to, '  window1 cleani'ng; 

professf  onal's., The! cl'eani'ng; sequence! usedi by; professi'onal~.. window, cleaners;  

begins: witk. tlie! sponging: down* of' the! gl'azi'ng; w i t l i t  an1 ammoni'aLwater: sol'utfont 

or: a \  sol'utfon\ of.' tri*sodSumt phosphate! in ;  water;, squegeeing;. the! surface! dry,, 

and! wiping; the! perimeter: of: the! glazing; w i t i :  a i  clbth., . . I 

Secf ionr  3 cl'eafly; points;  out: ttie! reluctance! of: tiomeowners: .tor perform1 any; 

maintenance! procedures; within! the! home., Cl'eani'ng: is; no) except Son;, 

especial-Iy; i i i ~  remho.te: loca t ions ;  such1 as ;  the! roof. or: the! exterror:  windows; 

located! outside!  ofi convenient: r e a c h ,  Thi'sr i's; exemplif Sedl by: the! l'ack: of i 

cl'eaning: maintenance! performedl on\ the! cover: ,gl'azSng; of: exis t ing:  thermal'. 

col'l'ectorsb, It: can;, therefore, ,  be! assumedl that :  photovol'tai'c! panel's: wi+lJ. 

a l ' so) ' suf fer :  fPoml thi's; rel'uctance! to,  performl even1 the! most: routi'ne! 

. . macntenance: procedures;, 

Currently;,  photovoltai'c: panel's; a re1  glazedl withi one: of! tlir'ee! materi'axs;; 

inorganf c: g l s s ~  sheetb, thi'nl f %*lins; andl RTV, si*li'coni e n c a p s ~ l a n t . ~  Although\ 

the! purpose! o f '  these!  material's^ is1 the!' same,, maiintenance! requiredl to ,  cl'eant 



< .  

themi demonstrates: the. extremes; fnt metHodl and1 cl'eanaI3iil-ity;. Any! of: the! 

methods; previ'ously~ dfscussedl Sn\ th f s ,  sectSon1 can1 be? usedl t-o) cl'eant inorgani'c: 

glass1 sheet;, but: RTVi si~lScon\  must: tie! scrubbedl twSce! with\ ar solbtSon~.of i hot: 

water:? andl pumi'ce.~ ExperSmentalJ. f i ' l m s ;  andl coatfngsi over: encapsulgntet 

I : simitl'ar: t o )  RTVI si.l'Scon\~nay! increase! the! cl'eanabi.lity! of '  t H e !  cover:~gl'azi'ng; 

only/ i f '  the! resul t fng:  . surface!  1's; smooth) andl frat-.. Rippl'esl anubr :  

depress ibns~  in )  the: surface!  winl~ll. a1.lbw1 pockets1 ofi d i r t :  to ,  accumuxate! as! 

these! areas1 cannot: be!.squeegeed'., 

- Cl'eaning:. cost:  varSabl'est Snclitde! but: are: not: Tfmitedl to;, the! ,timet , , . for: 

perf ormSng; the! tasks,  requi'red!..tor cl'eani the! , cover: gl'azfng; mat'eri'al's;, the! 

.number:, andl sfze? of i panel's;, ,andl the? gasketSng$f tame! defa51b~ used:.. (:Panel's! 

having; no) perimeter: f tame! or: gasket-Sng ; t o )  obstruct: cl'eanfng: operat-o sons^ 

coul'dt el iminate!  the!.needl for: wfping; edges;,, thus; reducfng; the! number: of! 
' +  . 

tasks! required',, tfmet requrred',, and1 overaz-11. cost ;  of! the! op,eratSon.,)) Total'. 
11 

cl'eanfng; costs;, however;, aKso, SncXude! costsr fnherent: t o )  al~l !  maintenance! 

act 'fvity;,  such1 as: materiall. cos t s )  for: t'ransportati'on;, equilment: cost's;, 

general'. overhead',, andl labor: costs:  for: travel? time> andl set: uphcl'eani up) time., 

The! costs:  given\ i n )  Table: 5.,5i are! estiinates; given\ by) professSonail' wfndow; 

cleaners;  basedl on1 a] typi'cal! array,' withi tlie! f 01.l'owSng:~ specif Scat Sons :: 

Array,r Size:: 1',000) sql ft . ,  

Panell. Size:: 52! -. 32f'x967' 

Shingl'e! Si'ze:: 5;" x: 36;" ' _  

Mounting; Type:: Direct:  Mount: Roof ,, RACE: Mount: Ground! 

FramelGasket: Type:: Pi'cture! Frame! 

Roof' Heiglit :: l! Story: 

Slope:: 45:: f romi the! horiiontal ' .  

Theb l'abor: f igures :  Snvolvedl wereb basedl on? the! f ol;Sowing: cl"eanKng; process :: 



, ' .  . Sponge c l ean  g laz ing  with an ammonia/water so lu t ion  or  a s o l u t i o n  

of t r isodium phosphate i n  water. 
- . .  ( .  

. Squeegee the  su r f ace  dry 
d -" 

". Wipe the  excess  s o l u t i o n  irom the  perimeter  with a s o f t  c lo th .  

In  order  t o  demonstrate the dramatic e f f e c t  c leaning frequency 

has on c o s t ,  Table 5.6 p re sen t s  l i f e  cycle  cos t ing  da t a  f o r  the  

cleining based on the  estimates given i n  Table 5.5 and over a 

twenty-year design l l f e .  The basi'c conclusion, a6 €I r e s u l t ,  can . . " < 

only be, c l ean ing  should not be a general  .maintenance procedure. 
' . .  , . . . 

A p re fe r r ed  method would be to  instruct che owner t o  "hose downi' 
. , 

3 ' 

the a r r a y  on a pe r iod ic  b a a s .  

. . 
Cost drivers/methods f o r  cos t  reduct ion:  , 

Mate r i a l s  used f o r  cover g l az ing  

.lmproie c l e a n a b i l i t y  

, , . Reduce frequency of c leaning  due t o  d i r t  r e t e n t i o n  

. Access ib i l i t y  of Array 

Mount a r r a y  on ground. 

. Provide ladder  support  over t he  f ace  of the a r r a y  , t h a t  can be 

a e a s i l y  moved ac ros s  . the * &ray while loaded, - s i m i l a r  t o  t he  

r o l l i n g  i n  bookstores and l i b r a r i e s .  Sce Figure 5.1 

Provide foothold o r  ledge between ho r i zon ta l  rows of panels.  



Table 5.5 -.Cleaning Costs 

eaning Company 

Cleaning Company 

Table 5.6 Life Cycle Cleaning Costs 

2-1 3 



Figure 5.1 Cleaning Operation Using a Rolling Ladder 



Travel  

. Cleaning schedules f o r  photovol ta ic  a r r ays  do not r equ i r e  

s p e c i f i c  times f o r  the c lean ing  opera t ion  t o  occur and could,  

t h e r e f o r e ,  t o l e r a t e  a  time var iab le .  A rou t e  could be 

e s t ab l i shed  t o  reduce t r a n s p o r t a t i o n  and t r a v e l  cos t s .  

. . 
Frequency 

< 

Frequency of p ro fe s s iona l  c lean ing  opera t ions  may be reduced 

by r i n s i n g  the  a r r a y  with water from a simple garden. hose o r  a  

pole devic.e s imi l a r .  t o  t h a t ' u s e d  i n  swimming pool c lean ing  ;, 

opera t ions  a l t e r e d  t o  accept  a  garden hose. 

5.3 Panel Replacement 

. ... 

P o t e n t i a l  problems lead ing  t o  t h e  replacement of photovol ta ic  pane ls  a r e  

those problems i n t e g r a l  t o  t h e  panel  t h a t  cannot be r e c t i f i e d  on s i t e  

without f u r t h e r  damage t o  t he  panel  and/or t he  elements wi th in  t h a t  panel. 

These problems could include:  

Cracked, worn o r  otherwise damaged g laz ing  

 ama aged tgrminals  

. Cracked s i l ls  

O Broken in te rconnec ts  

. General delamination of the  compos'ite panel  



The or ig in  of these problems is' general ly not a f u n c t i o n  of t h e  operation 

and maint&nce of the panels,  but can be traced t o  . the design' and 
, . .  . s 

construct loh of t h e  panel and i t s  i n s t a l l a t i o n .  
3 . .  

j .  I " .  . . . . .  . ,  

1 . . . . .  . . . .  , .  
The procedures necessary fbr the. replaceme*'t of b panel can be l i s t e d  under., 

t he  following general . ca tegor ies :  . 
. . . . 

. . 

E l e c t r i c a l  disconnect ' '. 

Removal of fastening dcvices 

Removal of gasketing mater ia ls  (watert ight  membrane system only) 

. Removal ,of panel 

I n s t a l l a t i o n  of replacement' 

. I n s t a l l a t i o n  of gasketing mater ia l  

, I n s t a l l a t i o n  of fastening devices 

. E l e c t r i c a l  connection 

. . 
Few panels requi re  a l l  of the  above-mentioned .procedures f o r  t h e i r  

replacement and s p e c i f i c '  d e t a i l s  inay a l t e r  the above sequence. For 

example, rack mounted a r rays  do not require gaskets t o  provide a wa te r t igh t .  

membrane. Panels which a r e  required to '  form watert ight  membrane systems 

may be designed and supplied with gaskets attached t o  the 'panel, o r  i n  the 

case .of a shingle/overlap panel, the system provides watert ight  i n t e g r i t y  

without gaskets. .  The. e l e c t r i c a l ,  d1,sconnection of the panel may follow the 

panel removal procedure, Pn which case, the e l e c t r i c a l  connections would 



, . , . , . 
i n s t a l l a t i o n .  ' $ .  

. . . '  ' .(' . . .; ', . . . ,. . . .  . ' . I  
. . 

f' 

Within the  genera l  c l a s s i f i c a t i o n s  p rev ious ly '  mentioned, each ' '   panel^," 

design has a s p e c i f i c  s e t  of procedures arranged i n  a sequence unique t o  
. 5 * "  . .  . .. . 

t h a t .  array.  ~ t i r t h e r  ' evalua t ion  of these  prbcedures  .must, theref  orb, b= 

d e t a i l  spec i f i c .  Using the  panel la r ray  d e t a i l s  ,descr ibed.  i n  s ec t ion  4.3' 

replacement procedures and the assoc ia ted  c o s t s  can be developed f o r  these  
<. . . s p e c i f i c  d e t a i l s .  

I 

I n  order  t o  e s t a b l i s h  the cos t  of p a n ~ l " r ~ ~ l a ~ e m e ~ t , '  i t  was n&essa r l  t o  

s t anda rd ize  panel weight, shape and s i ze .  The weight l i m i t a t i o n s  were s e t  
. ! .  .+. ( _ .  , . .  

accbid ihg  ' to  ' i ~ ' l r ; d i < j h u a i * s  l i f t i n g :  & p ~ c i t y  of 50 t o  ' 60 l b s .  Actual 

panel  weights based on ma te r i a l  weight a r e  l i e t e d  i n  Table 5.7. With the  

except ion of the sh ingle  panel, a l l  panels s t u d i e d '  were s tandardized t o  a 

rec tangular  shape 32" x 96". The sh ingle  panel is a hexagonal shape with 
., 7 .  

. , 

an  a rea  of approximately 1 sq . f t .  

Other va r i ab l e s  a f f e c t i n g  c o s t ,  which' have not been s tandardized,  include 

mounting loca t ion ,  mounting type, and mounting ,method. . A l l ' o f  the d e t a i l s  

shown i n  Sect ion 4.3 could be ground mounted, . , however, only d e t a i l  D 

(Figure 4.6) has been costed f o r  both roof and ground mounting. 

E l e c t r i c a l  disconnect ion and connection v a r i e s  w i t h . t h e  type of connector 
. ' .. ._; . I . 

uieed. c u r r e n t l y  a v a i l a b l e  " i r e  two types o i  quick c d n e c t o ~ ~ ,  su re  S e a l  ' 

1 .  

connkctors '  by '  ITT ~ a i n & n ,  'and ~ c o t c h l d k  . s e l f  S t r ipp ing  connectors-  by 3M; 
. . 

~ & e % r ,  & standard J-Box' conriection is used - by .most of the ph&tovolta& ' 
. , .. .. . - . .  . 

manuf8cture'rs tb  'date. '  . . 
:. . . . . . . , .i . . < .  . .. . . . , . ., , , . . . . 

. . -  

. Cost breakdowns f o r  panel replacement a r e  ' l i e t e d  i n  Tabies  5.8 t o  .'5.12. 
. .. . . 

The deveiiprnent of t h & e  c o s t s  r e q u i r e d  the  use o f  i n s t a l1a t i a .b  c o s t s  
. . . . 

as soc ia t eh  . '  with iimifar ' components , found. in s i m i l a r  mo&ntiig', 





LO aec. (1.4 d o .  

I 326 eec. (5.4 m i n  

AVECOST 

. LABOR COST 
OPERATION I COMMENTS 

llechanical Replacement of Panel 
I E l e c t r i c e l  Connection i Disconnection 

(Nodular Quick b n n e c t )  
- -- 

I Mechanical Replacement of Panel 
E l e c t r i c a l  Connection 6 Disconnection 

(Modular Q u i d  Connect) , 
I 
t 

Mech-Elect Replacement of l o t  Panel I 
Mech-Elect Peplacesent of 2nd Panel I 
lleeh-Elect beplsce=nt 6f 3rd Panel I 

42 s e c  + 42 eec - 84 aec 
x,(ll.OO/hr) Lebor Rate 

See Table 5.23 f o r  e l e c t r i c a l  
connection and dieconnection cos t  . 
breakdowns 

Total  panel replacement f o r  roof mounting 
I E l e c t r i c a l  Connection i Disconnection 
I 

Uech-Elect Replacement 

1 Total  k c h  Peplacerent f o r  ground m u n r i 0 8  Leas 40% f o r  ground munted locetion8 ~ 
Uech-Elect Peplacemeur f o r  ground munt in8  I 

163 eec. x 2 terminals - 326 Bec. 
munciog. 
E l e c t r i c a l  Connection i Dioconnection 
Mech-Elect Replacenent f o r  roof 

Table 5.8 Panel Replacement Costs 
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. Threoded temim'l bass to 
receive plastic screw fran 
overlapping shiqles. 

1 

OR METAL FOIL 

, .  -i , s-: 

I 
Plastic Screw is 
inserted and tighened 
to rnoke high pressure 
electrical connection. 
between negative 
tanninel here 6 
paoitivc torminol of 
shiwle underneath. . 

SHINGLE 

Figure 5.6 



TABLE 5 .'9 

PANEL REPLACEMENT COSTS 

LABOR COST 

C 

(1 Panel) 
C- 1 

(2 Panel) 
C-2 - 

(3 Panel) 
C-3 

25-30 nin. 

15-20 Uin. 

10-15 Mia. 

25-35 #in. 

60-90 Min. 

30-40 Uin. 

20-30 nin. 
135-195 Uin. 

. . .. 
25-30 Min. 

20-25 Mln. 

15-20 #in. 

10-15 Mln. 

70-90 #in. 

60-90 Min. 

30-40 tlin. 

20-30 ntn. 
180-250 Nin. 

20-25 Min. 

15-20 nln. .. 

35-45 nin. 

180-250 nin. 

35-45 tfin. 
215-295 Min. 

180-250 Uin. 

70-90 Hin. 
250-340 Min. 

OPERATION 

Remove 22 114'x2' lag screws 

. . 
Reinstall 1/4'x2' lag screws 

Remove alum. croaa members . . 

Reinstall alum..cross members 

Peplacement excluding site handling 'h travel 

Travel/Transportation 

Set UpIClean Up Time 

Site handling of panel for roof mounting . 
M T A L  PANEL REPLACEHENT FOR BOO$ MOUNTING 

Release 10 snap clips h panel , '  
.. . 

Snap new panel into place 

Replacement excluding site hendlidg and crave 

~ravell~rans~ortation .' ' ' , , ' . 

Set UplClean Up Time 

Site  handling,^^ panel for roof mounting 
TOTAL PANEL REPLACEMENT FOR R O O P ; F T I N C .  

Remove Fasleners (nnlln 6 clips). 

Rainstnll Fnst~nern (nails 6 cllps) 

Remove Ridfie .Vent or Flanhlng 

Reinstall Ridge Vent or Flnshing 

Replacement excl~ldln~ ~ l t e  handltny! 6 travel 

Set IJpIClenn Up Time 

Stte handling of panel for roof mounting 
TOTAL PANEL REPLACEMENT FOR ROOP M)UNTING 

Remove Fnsteners (nails 6 clips) 

Reitintell Festeners (nails 6 Clips) 
. , 

RemovelReinetall Ench ~dditional Panil 

Total panel replacement for let panel 

~emove/~einstall 1 Additional Panel 

TOTAL PANEL REPLACEMENT POR SECOND P ~ L  , 

Total Panel Repls&ement !or Pfrst Panel 

Remove/Reinstell Two Additional Psnela. 
TOTAL PANEL REPIACDIWT FOR TEIRD PAREL. 

Durce: #eane/Residentisl Cost Manual 

Durce: kansltleaidential Coat Manual 

Estimate . 

Estimate 

$12.00 Trans. $24.90 Travel 

Estimate 

Bet i ~ t e  

Estimate 

Betimate , - 
. . ... , 

. -... 
$12.(0 F e n m ?  + $24.90 Travel 

Source: MennslResidential Cost Mual  

-source i HeanelResidcntinl Cost Uanual 

$12.00 Trans + $24.90-Travel 

See Table 5.14 

.See '?able 5,15 

Replacement of top panel 

Estimnte . 

See, C-1 above 

C-2 - Replacement of second panel 
We C-1 .above 

2.- $13.28 
C-3 - &placement of third panel 



TUKB:OR iCOLST 
i DETAIL 1 w ~ l ~ ~ i ~ ~ O ~ ~ ~ ~ ~  "AVECOST .TOPERATION I 

' 

I ( 
P 'CE15'Uin. I , - $$ i4.1'5 .'RtSinstall'IO~B6lt Fasteners . , 

Y '  i. 
' fZ0'30LHin. , :$ C8.30 1 ~Re$lacelent ~ c l u d i ~ ~ ~ s 1 t e i : b n d l i n g . h  t r ave l  
I I I 

.:6030iMin. $5 1366:90 j ~ r a r i l L T r a n ~ p o r . t ~ t i o n  
I 

. ! 

1 BS4OLnm. $ 1 1 6 2  l a t . ~ i L C l u n . " p  Time 
I 1 >2D-.MtMin. :.$ '.8;30 :Site .br idl ing of panel fo r  .roof '.mounting 
I . 

! : l3E1'9Oi~in.  1, ;$:65:.12 I' cLrOrALl.P- .REP~?A-T:FOR BOOF #Dm'IRJG 1 

<COMMENTS 

I ,  

:Means ' 1979 BuildinglConotrucLion 
!Cost-Data 
. -Means ..1929~Building .Construction 
:&at1  ~ a t a  

-$12: W?~rans.2+'$24;90'Trevil 

' .Estiaate 

! gE 1Remve !TO: Bolt <Feetenere 1 
i .Means TI979 CBuiSding, ConstructioaCCost 

. ' k e n s  i1979 LBui1di"gCCmstr~ctiw 

! .812iOO'4raos .S+:$24;90'Proml 
I 
I 



TABLE 5.10 

PANEL MPLACDENT, COST BASE 

HOURLY LABOR RATE 
aANTITY 

1 

1 
2 

2 

TRANSPORTATION 6 TRANSPORTA?!ON 8 ?RAVEL COST 

Set Up Ladders 6 Equipment 
Clean Up Lsddere 6 Equiprmtt 
TOTAL ROOF SET UPICLEAN UP TRIE 

COST/HR 

$ 8.00 

$14 .50 
- 5.42 

$19.92 - 

LABOR TYPE 

GlnzierlRoofer 

Laborer (Bldg) 
Crev Cost 
Overhead 37.42 

TOTAL CREW COST 

?ME REQUIRED 

30-45 h. 

30-45 Hin. 

30-45 Win. 
30-65 Hin. 
60-30 NLn, 

-- 

!,QCAT#)N 

I Estimate 

SOURCE 

En~clsmnn's 1979 Reairlentla1 Cost Man1121 

4 

Mcans 1979 Rulldinp. D'nstruccion Cost Dnt;i 

SET UP/CLEAN UP 

AWE-COST 

$12.45 
6.00 

$18.45 

$12.45 
6.00 

$18.45 

$18.45 
$18.45 

$36.9q - 

Thm REOURED 

COMMEPJTS 

Dwe to thr simplicity of the' 
connection devices availnhle it 
was determined that panel replacement 
wnuld not require an electrician. 

Cround 

OPERATION 

Travel to site 
Transportation to site 
TravellTransportation to site 

Travel from site 
Transportation from site 
TravellTransportation from site 

Trsvel~Transportation to site 
Travel/Tmnsportation from site 
TUTAL TRAVELITRA)3SPORTATION/DAY 

AWE.COST 

Roof Eatimate of handling glazing from 
roof to truck 

COMMENTS 

Hourly 
$0.30/mile x 20 d l e s  

' ?  

Hourly 
SO. 3Olmile x 20 mi lea 

, t HANDLING 
LOCATON TME RE~UWED AVECOST OPERATON COMMENTS 

1 I I 

5-10 pin. 
5-10 ain. 
10-20 min. 

10-15 min. 
10-15 pin 
20-10 sin. 

$ 4.15 

$ 
$ 8.3D 

OPERAflON 

Remove WodulelPanel from Roof 
bisa nodulelPane1 to Roof 

TOTAL HANDLING OF KODVLE/PNBG ON $ItE 

COMMENTS 

$ 2.69 

$ 

Grand ' 

Set Up Tools 6 Equipment 
Clenn Up Tools 6 Equipment 

TlOtAL GROUND SET UPICLW UP TIME 

5 da. 
5 .in. 
10 mla. 

Estimate 

$ 1.66 

8 
8 

Carey ModulelPanel to Truck 
Carry IbdulelPanel to Rack 

TOTAL HANDLING OF ~ O ~ E ~ P A N E L  ON SITE 

Estimate of handling glazing from 
ground mounted rack to truck 



TABLE 5.11 

SHINGLE REPLACEMENT COSTS 

20-40 nin. 

20 nin. - 
40-60 Hin. 

60-90 nin. 

50-60 nin. 

3 0 4 0  fin. 

180~258 MIdl 

LABOH COS'I 
COMMENTS OPERATION 

$ 5.50 

$ 3.67 

$ 9.17 

$ 25.76 

$ 10.08 

4 6.4P 

$ 51 a U 

AVECOST DETAIL 

Remove, 4 Shingles 

Re ina tn l l  4 Shingles 

Rep1nc.e 1 Shinele Bxclt~dlng Hnndllng L Trnvel 

~ r a v e l i ~ r a n s ~ o r t n t i o n  

Set UplClenn Up 

S i t e  Handlink of Shingle for Roof h u n t i n g  ' 

IU'l'Al. SIIINCLE R E I ' U C e W ~  .Wk k 6 6 ~  MOUNTJN(; 

TIME REQUIRED 

I . . 



TABLE 5.12 

SHINGLE REPLACEMENT COST BASE 

.(XIAMTlTY LABOR TYPE COSTlHR t 
I TOTAI. CRtW COST 23 

f F 

- Rngleman's 1979 Re~identisl Cost Manual I 

HOURLY LABOR RATE I (One Man Crew) ' 

- k a n s  1979 Building Constrtrction Cost Datn I 

SOURCE 

1 

ANSPORTATION & TRAVEL COST 

COMMENTS 

IDCAT ION I TiME REOURED I AVECOST I I COMMENTS 

TIME REQUIRED 

30-45 ntn. 

30-45 ntn. 

30-45 Hfn. 

30-45 W n .  

30-45 Hfn. 
30-45 Mn. 

60-90 Mn. 

AVE.COST 

$ 6.88 
$ 6.00 

$12.88 

$ 6.88 
$ 6.00 

$12.88 

$12.88 
$12.88 

- 

OPERATON 

Travel to site 
Transportation to site 

Trsvel/Transportstion Lo site 

Travel from site 
Transportation from site 

Travel/Transportation from site 

Trsvel/Transportation to site 
TrsvellTransportstion from site 

TOTAL TRAVEL7T~SWKiATiOrJ 

Set Up Ladders 6 Equipment 
Clenn Up Ladders 6 Equipment 
TOTAL ROOF SET UPICLEAN W TIM? 

COMMENTS 

Roof 

Ground Set Up Tool8 L Equipenl 
Clenn Up Tools h Equipment 

TOTAL C.ROUND SET UPICLEAN UP TIHE 

ESTIMATE : 

rI5: 

25-30 min. 
25-30 min. 

50-60 min. 

10-15 mln. 
10-15 min. 
20-30 min. 

I I I I 

HANDLING 
OPERATDH I COMMENTS 

I I I 

$ 5.04 

$10.08 

$ 2.30 
$ 2.30 
$ 4.60 

Boo f 15-20 =in. 
15-20 mlu 

30-40 sin. 

$ 3.21 

3 
q - 

Estimate of handling s 32"x96" sheet 
of glass from roof to truck. 

Remove WulelPanel Pros Roof 
Roiee ModuloIPonel to R n ~ f  
TOTAL HANDLING OF HOWLE/PANEL ON SITE 

Estimate of handling a 32"x96" sheet 
of glass from ground munted rack to 
truck. 

I 

Ground 

. 

I 

5 min. 
5 min. 

10 min. 

$ 0.92 

$ 
$ 

Carry ModulelPane.1 LO Truck 
Carry rpdulelPene1' to Rack 

TOTAL HANDLING OF XODUI.E/PANEL ON SITE 



configurations. An example, would be a standard sloped glazing system 

which compares to a integrally mounted photovoltaic panel. The time 

required to perform the necessary tasks was determined and the average cost 

is, then, a product of the mean time required and the total hourly crew 

cost of the labor type performing 'the task. 

Hourly crew costs were obtained from Engeslman's, "1979 Residential Cost 

Manual." Overhead figures were obtained from Means, ' "1979  Building 

Construction Manual" and added to the hourly crew costs to produce the 

total labor costs. In all cases the average cost of an operation is the 

produce of the mean time required to perform that operation and the total 

hourly crew coat. 

Travel time and costs for',transportation remain confitant r~g~)rrl less  of 

panel variables. The time required to' travel to and from the site was 

estimated for a distance of 20 miles. A mileage rate of $0.30 per mile was 

used. The total travel cost also includes hourly crew costs* Setup/ 

cleanup costs and handling costs vary with the mounting type, location and 

crew size. 

Cost drivers/methods of cost reduction 

. Weight 

. Keducing the weight of the iank will increaie the ease of 
handling. 

Size and Shape 

. Optimize the size and shape of the panel, remembering this 
application is for residential job sites and special requirements 

exl.6 t, 



. Fastening Devices 

Fastening devices  should be designed t o  be removed quickly and 

e a s i l y ,  thus reducing the  time and cost  of replacement. 

, Gasket ing/Framing 

Attach the  gaske t ing  t o  t h e  frame o r  t o  t he  panel i n  order  t o  

reduce the  number of p ieces  removed and r e i n s t a l l e d  during the  

replacement operat ion.  

. Design gasket ing and framing i n  modular u n i t s  r equ i r ing  a s  l i t t l e  

d i s turbance  of o ther  panels  a s  poss ib le  during the  replacement 

of a  panel. 

. Access ib i l i t y  of Array 

Mounting of t he  a r r a y  on t h e  ground al lows easy a c c e s s i b i l i t y  

f o r  maintenance purposes. 

For roof l oca t ions ,  provide a  ladder  supported over t he  f ace  of t h e  

a r r a y  t h a t  can be e a s i l y  moved ac ros s  the  a r r a y  while loaded, 

s i m i l a r  t o  t he  r o l l i n g  l adde r s  i n  bookstores and l i b r a r i e s .  

. Provide foo tholds  o r  a  ledge between ho r i zon ta l  rows of panels.  

. Frequency of replacement 

. Design parts of t he  panel  which must remain I n t e g r a l  es t he  panel 

such t h a t  they w i l l  p e r f o w  t h e i r  func t ions  f o r  t he  design l i f e  
. . 

of t he  panel. 



' Design those '  p a r t s  of the  panel which 'may degrade ' rapidly s d h  

t h a t  thky Ly be removed wifhout t he  removal of the e n t i r e  panel. ' 

. . .  . Mounting Technique 

. . . Mount pane ls  a s  independently a s  poss ib le  t o  reduce the  d i s t u r b i n &  

of surrounding panels  i n  a replacement operat ion.  

. Avoid s e q u e n t i a l  mounted panels. The i r  requirement t o  d i s r u p t  o r  

remove o the r  panels  during a replacement procedure increases  t h e  

r i s k  of damaging surrounding panels. 

Gasketing, f o r  t h e  purpose of t h i s  s tudy,  w i l l  be l im i t ed  i n  d e f i n i t i o n  t o  

any r i n g  o r  c o n t i n u o u s ' s t r i p  of r e s i l i e n t  m a t e r i a l  joining the  panels  of an 

a r r a y  i n  such a way t h a t  a wa te r t i gh t '  s e a l  between' panels  is  created.  

Problems which r e q u i t e  t h e  replacement of gaske t ing  include;  phys ica l  

d e t e r i o r a t i o n  of t h e  m a t e r i a l  due t o  a i rborne  p o l l u t a n t s  and/or due t o  

thermal  cyc l ing ,  mechanical s epa ra t i on  of the  gasket rest1.1ting from 

inadequately designed o r  i n s t a l l e d  fag ten ing  devices ,  and l oca l i zed  damage 

caused by vandals  o r  vermin. 

The need f o r  gaske t ing  w i l l  vary with mounting type,  panel ized cons t ruc t ion  

type  and with t h e  o p c c i f i e  d e t a i l  used. Rack arid s tandoff  mounted arrays 
. ~ 

requi 're no panel.  t o  panel  gasket ing,  as a wa te r t i gh t  rnernbiane i s  not 

required.  Slrlngle/overlap panela provide a watar t igl l t  membrane but r equ i r e  

no gasketing. However, d i r e c t  and i n t e g r a l  mountings r equ i r e  t he  use of 

pane l  t o  panel gasket ing t o  form waterproof sea l .  

The procedures '  f o r  t h e  replacement o'f damaged gasket ing w i l l  a l s o  vary with 



the  type of gasket d e t a i l  used. Two generic gasket types have been 
, . .  

i den t i f i ed :  Tape s t r i p  and p ic ture  frame C gaskets. Deta i l  A. i n  Figure . . .  

5.7 i s  an example of a p ic ture  frame C gasket. The procedures necessary 

f o r  replacing such a gasket involve a l l  the operations necessary fo r  panel 

replacement, and the  addi t ional  operation required f o r  the removing of the  

gasket .,. .. from .. the frame and ins . ta l l ing  a .replacement. A s l i g h t  modification 
. - 

of t h i s  d e t a i l  is seen i n  Figure 5.8, Deta i l  A*,  and is an example of a 

s t r u c t u r a l  # gasket. The replacement of such a gasket requires the same 

procedures a s  mentioned above. . . 

. :  . . I.. . + .  . . 
3**. 

Detai l  B., a s  shown i n  Figure 5.9, is  an example of a tape s t r i p  gasket. 
. . 

The s t r i p  gasket occurs i n  the  transverse sec t ion  of the panel. The 

procedure f o r  replacing the gasket includes removing the bo l t s  fas tening 

the  cross members, removing damaged gasket ( top only) ,  i n s t a l l i n g  new 

gasket i n  i t s  place, and r e i n s t a l l i n g  the  cross members. 
. , 

The labor cos ts  f o r  gasket replacement were developed using the  same 

methods as  developed f o r  labor cos ts  fo r  panel replacement. A summary of 

these cos t s  and time required t o  complete the operations is given i n  Table 

c .  . 

Cost DriversIMethods of Cost Reduction 

S .  '. . 
Degradation of ma te rGls  

'. , "'; , . . . 
, . . I  - .  . . .. . .. . Exposed,.gasketing material  should be designed t o  withstand a l l  

. .. . ~. 

.. . 
, 

expected environmental conditions over the l i f e  of the  system. 

. . . Array Acceesibiliey . . . . , . . . 

.. . ,The mounting of the ar ray  on the ground allows f o r  easy 
3 .  

a c c e s s i b i l i t y  f o r  maintenance purposes. 



DETAIL ,As  
. . 

Pigure 5.7 

DETAIL A b  

Figure 5.8 

Figure 5.9 Casket Deta i l s  



2s-so ma. 
2s-so ma. 
10-20 Mn. 
10.20 Nln. - 
70-100 MS. 

60-90 ma. 
30-40 Ma. 
2*#) uo. - 

180-260 Ma. 

( S-10 Mn. 1 $ 2.49 

1s-20 Mn. - 
60-10s Wn. 
60-90 &. 

wn. 

~ c r n v e  22 1 /4"~2~~1c ig  screw 
1 

k h r t a l l  1/4Rx2" lag sc- " 

Remove alum. crors asibore 

~ c i m t e l l  slum: cross e e r r  . 
Replacement excludlag r i t e  handling 6 travel 

Travel/Trerrportatlon 

Set OplCleon Ilp riaa 

Si te  handling of pant1 for roof mounting 

Total panel m p l a c e m t  for  r w f  ~ t a n t i l l g  

LABOR COST 

Remove daaaged/ueetberid gmkmt 

In s t a l l  nsv gaeket ' 

OPERATION 

Source8 #sans 1979 Building Cast Data 
Sourest kana  1979 Bdldiog Coat Data 

Eotlmte 

b t i a t e  

COMMENTS 

Table 5.13 Gasket ,Repfacement 

bwved  dmgadlwathbred gsaket (top oalp) 

Inetall  nev g.eket (top only) 
Wetall  aluminum cmea h e r s  

In s t a l l  10 bolt. 

Ceeket replaceasat excl. TravellSlta Prep. ' 

Travel/Traoeport~tloo 

Set UplClem Up Tlae 

TOTAL GASm PBPUCWWI 

Lao Casket involved 

Ro @stet  involwd 

Sourcer Means 1979 Building Coat Data 

t s t i Y t e  

Estimate 

Betioste 

&timate 

Source: ems 1979 Budldlng Coat Data 

$12.00 *me. 824.90 %hvel 

EetPnaee 



* . For roof l oca t ions ,  provide a l adde t  supported ovet the  f i c e  of ' , the .  

a r r a y  t h a t  can be e a s i l y  moved ac ros s  the a r r ay  -while loaded., . . . .  . - .  

s i m i l a r  t o  the  r o l l i n g  l adde r s  i n  bookstores and l i b r a r i e s .  

. . -  provide ' foothold o r  ledge between ho r i zon ta l  rows of panels  . to.  .be . . 

used a s  a catwalk. 

, , i t .  

. . A c c e s s i b i l i t y  and Need ' fo r  Removal of Gaskets .: . 
. . 

. . . . .  . . 

. ,, Locate. .gaskets as near  t h e  f r o n t  su r f ace  of t he  a r r a y . a s , p o s s i b l e .  , 

. 

Locate e l e c t r i c a l  t e rmina ls  beneath t he  gasket  o r  under the panel.  

s o  a s  no t  t o  r e q u i r e  t h e i r  removal during gasket  replacement 

opera t ions .  

. D e t a i l  panel  connections t o .p rov ide  a void between panels  i n  order  

t o  accommodate gasket  replacement without panel removal. 

5.5 ,Wir ing  Repair  and Replacement 

Wiring should be designed of such a q u a l i t y  t h a t  normal opera t ion  of t he  ' 

pho tovo l t a i c  a r r a y  i n  any c l imate  should not  degrade t he  wi r ing  i n  any 

manner. I n s u l a t i o n  and conductors,  t he re fo re ,  should be designed t o  

f u n c t i o n  f o r  t h e  l i f e '  of t h e  a r ray .  Occasional ly ,  however, f a c t o r s  beyond:' 

t h e  . con t ro l  of t he  des igner  may damage the  wir ing;  such f a c t o r s  i n c l u d e  

vanda l s ,  vermin and unusual  environmental condi t ions.  It is poss ib l e  f o r  a 

vandal. t o  cu t  i n s u l a t i o n  on wir ing  or even ehcar wir ing with a k n i f e  o r  

p a i r .  of wire c u t t e r s ,  ,and r i s k  . r ece iv ing  an e l e c t r i c a l  shock t h a t  could be 

f a t a l .  In such a case ,  t h e  owner may be held l e g a l l y  respons ib le  f o r  t he  . 

vanda l ' s  deciL;11 or i n j u r i e s .  Vermin csu ld  gnaw insu la ' t ion  of a wire o r  even 

s e v e r e  a wi re  completely,  i n  which case  t h e  animal m a y - a l s o - r e c e i v e * a  f a t a l  



shock. Extreme environmental conditions which could damage wiring include 

thermal cycling, .high winds, and airborne pollutants such.as ozone. 

. ~ 

Regardless of the cause, wiring degradation occurs on three levels - 
universal degradation of insulation., localized shearing ,of conductors and 

insulation, and localized insulation failure. Universal degradation of 

insulation requires replacement of the length of wire involved. Procedures 

for wire replacement require the removal of the wire from the terminal 

contacts at each end, removing the wire from its location, relocating a new 

wire, and connecting the ends of the new. wire to the terminal connectors. 

Localized shearing can be repaired either by replacing the wire or by 

recannecting the wire with a modular quick connect terminal or by splicing. 

Localized insulation .failure can be repaired by any of the repair 

procedures previously mentioned but may simply require a wraparound device 

capable of insulating the conductor. 
. . 

The ease of performing the above mentioned procedures is dependent upon the 

mounting type, the ' location of the ' wiring with respect to the panel, and 

the location of the array, be it ground or roof mounted. The replacement 

operations for exposed wiring may be accomplished with little difficulty. 

Wiring located .within a cable ,bus requires the additions-l operation of 

removing a cover or. access panel before proceeding with the wiring 

replacement procedure.. Defective wiring within a conduit must be removed 

from the conduit before repairs can commence. Wiring . located beneath 

panels may require. the removal of one .or more panels for wiring repair 

unless some other means. of access is provided. 

Wiring repair and replacement costs have been generated for U14, /I12 and 

#10 AWG, three-wire non-metallic sheathed cables (UM) in dry locations and 

t hree-wire underground feeder cable (UF) in wet locations. Wire 

replacement costs studied have been limited to those wires attached 



directly to or between panels; replacement of wiring beyond this point is 

dependent upon sys tem parameters and, theref ore, becomes a sys tem problem. 

However, localized damage to system wiring - sheathing, insulation, and/or 
conductors - may be repaired by the methods previously stated. 

Labor costs for wiring repair and replacement, costs associated with 

travel, and setup/cleanup costs were based on a one-man crew. The crew 

costs were developed from the average hourly wage of an electrician given 

in Engelsman's, "1979 Residential Cost ,Manual." A percentage for overhead 

was taken from Means, "1979 Building Construction Cost Data File", and 

added  to the r t e w  c o s t  to e . c h i ~ v e  the total crew labor o o o t .  Thc 

transportation costs of $0,30 per'mile and an allotted distance of 20 miles 

produced an average transportation cost of $6 to the site and $6 from the 

site, totalling $12. All other costs were determined using time estimates 

for the replacement operation. The time estimates and costs to perform the 

required tasks can be seen in Tables 5.14 - 5.16. 

Cost estimates for the installation of modular quick connects were not 

obtainable in any of the cost estimating manuals. Therefore, time studies 

for replacing a wire in a Sure Seal Connector were pdfformed with the 

essfstance of an ITT C~nnnn repr~sentative.  The operation sequence 

includes shearing a wire in two, stripping the conductor wires, crimping 

the male and female contacts onto the conductor and inserting the wire into 

the quick connect housing.   he operation was completed using hand tools 

equivalent to those which would be used in the field, but the study was 

codducted in a factory. To compensate, 20% was added for the sloped 

condition and another 20% was added for the difference in height bringing 

the total compensation to a 140% for a roof mounted array. 



Cost Drivers/Methods of Cost Reduction 

. Accessibility to the Wiring System 

Ground mounted arrays are more easily accessible for maintenance 

purposes. 

. Locate wiring in such a position that it is easily accessible 
without removing photovoltaic panels or cover plates of raceways 

or without removing the wiring from the conduit. 

Mounting arrays on a rack and wiring beneath the panel provides 

easy accessibility. 

. For rooftop locations, provide a ladder that can be easily moved . . 
across the array while loaded, similar to the rolling ladders 

used in bookstores and libraries, 

Eliminate wiring by integrating the terminal connector into the 

mechanical connection devlces.. 

. Lack of Repairability by Owner 

Simplify electrical connections to plug inlout type so that repairs 

could be made by "unplugging" damaged sections and "plugging in" 

the replacement. 

NOTE: Cost and time involved for wiring repair and replacement are 

minimal. However, transportation, travel and setup/cleanup 

time are comparatively high. If simplified repafr procedures 

could be accomplished by the owner or caretaker of the system 

a large portion of the wiring repair costs could be eliminated. 



5.6 Termination Repair 

Terminals should be designed to.withstand normal operating stresses, and 

sealed in to prevent corrosion or, oxidation of metal contacts. Wiring 

should be secured in the terminal housing-to provide reasonable resistance 

to dislocation of the contacts. In the event that operating stresses 

exceed the design limits and/or seals are broken, terminals may require 
f 

repair or replacement. . Damage tb terminals could result from mishandling 
during installation, improper installation, . . carelessness during maintenance 

ar replacement operations, vanda J . t s m ,  vermin and unusual environmental 

c0~ditA6ils.  Causes 'for damaged terminals are dependent on terminal type, 

design and location. Three terminal types have been identified as 

candidates for the electrical interconnects of photovoltaic panels: J-Box, 

modular quick connectors, and stud connectors. (See Figures 5.10, 5.11 and 

5.12. 

Two major factors, accessibility and repairability, dictate the procedures 

used for the repair or replacement of terminals. Terminals integral to and 

mounted beneath panels require the removal of the panel in order to gain 

access to a damaged terminal unless some other means of access is provided. 

Terminals located within a J-Box or under. a coverlrlg along the side of the 

panel require only the removal of a '  cover panel for access to the 

terminals. J-Boxes. normally protrude from the side or the back surface of 

a panel. During installation and replacement operations, such a protrusion 

could be accidentally sheared at the connection points' to the panel. 

However, such locations provide a measure or protection against 

carelessness during maintenance operations, vanpalism and vermin due to the 

limited accessibility to the terminals. The back surface location of the 

J-Box also provides protection from most environmental conditions.with the 

exception of pollutants in the atmosphere which may cai~se gasket. 

deterioration and/or contact corrosion. 



CONSTRUCTlON 
FEATURES 

holddom anole 

waterproof wnnecm 

Figure 5.10 J-Box Mounting on Panel Back 

. ,  . .  

. . - . 

Raised Indexing Rib- Boot to 
Multip,e 

Raised Indexing Spline 
2 9  

!--optional Boot 

L~ tandard  Stamped Contact 
~ ~ ~ ' l t i ~ l e  Ripple (Wire omitted f a  clarity) 
Wire Seals 

Cable 
Seats 

Figure 5.11 Modular Quick Connect 
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STUD TERMINAL 
Figure 5.12 Stud TemimB Connection 



Procedures s p e c i f i c  t o  the r epa i r ing  of a J-Box vary with the nature of the 

problem requ i r ing  c o r r e c t i v e  ac t ions  and the  loca t ion  of each J-Box. 

Damaged cover s e a l s  requi re  the removal of the cover p l a t e ,  removal of the 

s e a l ,  i n s t a l l a t i o n  of a new s e a l  and the i n s t a l l a t i o n  of the r e b u i l t  or.new 

cover p l a t e .  Addit ional  t a sks  may be required i n  the event t ha t  i n t e r n a l  

damage has taken place a s  a r e s u l t  of damaged cover p la te .  Corrosion of 

con tac t s  wi th in  the  J-Box requi res  the removal of the cover p l a t e ,  spray 

c leaning  of the con tac t s  with a non-conductive spray c leaner ,  and 

r e i n s t a l l a t i o n  af the  cover p l a t e .  Reattaching wires wi th in  a J-Box 

r equ i r e s  t he  removal of the  cover p l a t e ,  t he  removal of wire nu t s  

connecting the  wires,  removal of the  cable  connector,  clamping the  cable  

connector t o  secure the cable ,  s t r i p p i n g  i n s u l a t i o n  from the  conductors,  

t w i s t i n g  wire  nuts  onto wire p a i r s ,  and the  r e i n s t a l l a t i o n  of the  cover 

p l a t e .  A J-Box sheared c leanly  from the  panel without damage t o  t he  box o r  

panel  may r equ i r e  t he  removal of the cover p l a t e  t o  gain access  t o  t he  

f a s t en ing ,  devices  t o  secure the  J-Box t o  the panel. It is  important t o  

note ,  t h a t  with a l l  maintenance procedures requi r ing  access  t o  wiring 

extreme caut ion  should be taken t o  avoid the p o t e n t i a l  of shock hazards. 

A summary of the c o s t s  f o r  t he  assoc ia ted  J-Box maintenance opera t ions  is 

given i n  Table -5.14 

The proposed design f o r  modular quick connectors,  l o c a t e  t h i s  terminal  type 

a t  the end o t  a wife protruding Erum the f r o n t ,  s ide ,  o r  back of a 

photovol ta ic  panel. -. See Figure 5.13. ,During i n s t a l l a t i o n  and replacement 

opera t ions ,  conductor terminat ions could be acc iden ta l ly  'dislodged from the 

boot which s h i e l d s  the  conductor. Locating the terminal  on the  back o r  

s i d e  of t he  panel l i m i t s  a c c e s s i b i l i t y  t o  t he  terminal ,  but  a f f o r d s  

p ro t ec t ion  from ca re l e s s  maintenance men, vandals  and vermin. Terminals 

l oca t ed  on the  face of the panel o r  those mounted on the s i d e ,  which a r e  

exposed t o  weathering, may experience d e t e r i o r a t i o n  of con tac t s  due t o  
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Figure 5.13' 

Quick Connect Terminal LocaJtions 
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corrosion, and material degradation ff the proper materials are nit used 
.. . 

and proper protection is not afforded. 

The procedures specific to the repair and replacement of modular quick 

connectors will vary with the type used. The connector investigated in 

this s.tudy was the ITT Cannon Sure Seal Connector. 'Dislodged conductor 

terminations simply require reinsertion, with the aid of a simple hand 

tool, into the boot. A damaged boot covering the contacts requires the 

conductor terminations to be removed from the damaged boot and inserted 

into a replacement boot. Complete destruction of a quick connect requires 

the damaged conductor terminations to be removed from damaged boot snipping 

the damaged conductor termination from the conductor, stripping the 
. . 

ins.ulation from the conductors, crimping'new contacts to the conductors, 

and inserting the conductor terminations .ipto a new boot. 

A summary of costs for quick connect terminals is seen in Figure 5.15. 

Two sub-categories of terminals exist for stud-type terminals. The first, 

utilizes an intermediate wire to electrically connect the panels. The 

second, connects the terminals directly to one another. During 

installation and replacement procedures, studs protruding from.the panels 

could easily be bent, sheared in two, or have threads damaged if panels are 

mishandled. Protruding terminals m s t  be protected from corrosion and from 

short circuiting. 

Repair procedures for stud terminals vary with the sub-category, the method 

by which the stud is attached to the panel, and the accessibility of that 

stud for maintenance purposes. Studs integral to the panel w l t l i  nu 

designed means of detachment, require panel replacement if the studs are 

damaged. Detachable studs studied are of two varieties; the first is 

screwed into a threaded female connection permanently attached to the 

panel, while the second is snapped into a female connection also 



LABOR COST 

J-Box 
Dry 614 

. . . .. 
014 

812 

a10 

. .  " .  .. . 

614. .  a ., 
612 

810 

-- 

9 Wn. 

2.6 Uin. 

3.7 Mn. 

3.7 Uin. : 

3.1 Win. 

9 . Win'., . .  . 
31.1 Win. 

, .. .. , 

..,. . . 

Remove Cover Plate (Dry) 

Remove Wire Nuts 6 Uncot~ple Wires 

Remve Cable Connector &'Wire. 

Remove Cable Connector 6 Wire 

S t r i p  6 Wires, 'kist 3 Wire Pairs ,  Attach 
3 Wire Nuts 

I n s t a l l  cover 4-11/16, blank (Dry) 

Total Reviring of box for  614 An Wire (Dry) 

Add 16% for  112 Wire 

Total Rewiring of box for  812 Nl4 Wire (Dry) 

OPERATION 

Means 1979 Building Construction Cost 
, Datd 

k a n a  1979 

Means 1979 

Means 1979 

Means 1979 

- - 

COMMENTS 

Add 20% for  Wet Locations 

'fvlsl Reviri~ig of box f o r  ,014 nn wire (Dry) 

Add 32% for  810 Wire 

Total Rewl~lng uf Box for  110 Wire 

Ins ta l la t ion  of Wet Box 6 Cover 
Ine te l la t ion  of Dry Box 6 Cwgr f 
1702 o r  202 Addfl.tdonel C 4 ~ t  

Heane 1979 

Total Rmiring bf 60; for  814 PW Wire (Wet) ($5.90 x 120% 

Total W r i n g  of ?ox f o r  #I2 h! Wire ( h t )  ($6.84 x l2Ol 

Total Rewiring of BOX for  110 Nt4 Wire (Wet) 7.79 x 120% C 
Table 5.14 

- 

TIME REQUIRED 

15 Seconds 

34 seconds - 
49 

20 Secondo - 
414 Seconda 

30 Seconds 

12 Seconds - 
?2 Sooondp 
(0 .7  min.) 

456 Seconds 
(6  Kin.) 

OPERATION 

S t r i p  conductor. crimp contact onto conductor 

With hand tool .  end i n s e r t  conductor/contact 
888embl~ inC0 q U l C Y  c6iiiiect t e fh lna l  housing 

bU% addition f o r  roof mounted locations. 
Total ins ta l led  quick connection roof wiring 

Attach quick connect 6 anap i n t o  posi t ion 

Add 40% for  roof mounted locat ions 

T e e d  attech sclle '6 fcrialr gulch EVIIII=CLS a11d 
enap i n t o  posi t ion on a roof. 

Attach 2 quick connects t o  wires and marry ma1 
t o  female quick connect. 

Add 16% for  812 Wiree 

Total Quick Connect Wiring for  112 Wires 

Md 32% for  910 Wire 

Total Quick Connect Wiring f o r  910 Wires 

COMMENTS 

5 Sec. x 3 conductors - 15 eec. 

Quoted time etudy from a .  conversation 
with Dnn Hulne of ITE PFnnon 

Estimate 
(69 seconds x 6 conductors) - 414 

Estimate from in-house tlme study 
estimate 

E8ti l~8te 

(414 seconds + 42 seconds) = 456 

Table 5.15 



(wiring) HOURLY LABOR RATE 
WANTITY CABOW TYPE ODSTIHR I 

1 Electricial 

overhead 30.2% I 
TOTAL $11.40 - 

&gelsswn'a 1979 Residential Cast Ylanual 

Means 1979 Building Construction coat Date 

-- 
SOURCE 

I 30-45 Wn. Travel to aite 
Transportation to eite 

30-45 #in. TravellTransportetian to Bite 

COMMENT 8 . , . . 

TRANSPORTATIOPJ & TRAVEL COST 

Travel from site 
Transportation from site 
TravellTransportation from site 

Travel/Tranaportation.to site 
TravellTransportation from site 

TOTAL TRAVELITRANSPORTATION 

Hourly 
S0.301CUle x 20 Mlee 

TIME REQUWED 

Hourly 
S0.30lmile x 20 Mles 

AVE.COST OPERATION ,COMMENTS 

- - - - - - -- -- - 

i n  SET UP/CLEAN UP 

GROUND 5-10 ntn. $ 2.49 

ROOP Set up ladders 6 hquipment 
Clean up ladders 6 equipment 
TOTAL ROOF SET IR'ICLEAN W 

WCATION 

Set up tools 6 equipment 
Clean up tools 6 equipment 
mTAL GROUND SET UPlCLEAN W TIHE 

AVE.COST TME REQUIRED 

15-20 Uio. 
15-20 #in. 
30-40 ntn. 

Estimate: 

$ 5.81 
$ 5.81 
$11.62 - 

Table 5.16 

OPERATDN COMMENTS 



pax=manen~ly. ' attached t o  the  ' panel. Procedures for  replacing a threaded . . 

s c r e r f n  stud r e q u f ~ e  unscrewing the stud and :screwing a new stud terminal 

i n  ies place. Replacing a snap-in stud requires unsnapping the damaged 

s tud  and sqapping a new stud i n t o  i ts place. 

Coe t Dr ive r s /~e thods  of Cost Reduction 

. Access ib i l i ty  t o  Panel 

. Ground mounted-arrays a r e  more access ib le  for  maintenance 

purposee. 

. Fur roof lacatisae, provide ladder on the roof tha t  can be e a s i l y  

moved across the  a r ray  while loaded, s imi lar  t o  the r o l l i n g  

ladders used i n  bookstores and l i b r a r i e s .  

. . 

. . Provide a foothold or  ledge,between horizontal  rows of panels 

t o  be used . . a s  a catwalk. 

. . . . 

. Access ib i l i ty  of Terminals 

. Mount terminals on the face of the panel of a d i r e c t ,  stand-off 

o r  i n t e g r a l l y  mounted a r ray  unless some other  means of access is  

provided. 

. On rack o r  i n t e g r a l l y  mounted ar rays  locate  terminals on the back 

of the panels and provide access t o  these terminals. 



. . .  . . ;  . .  , . _ .  . .  . . ::'Eack of ~ & ~ a i r ' a b i l i t y  by Owner . :  . Y _ . . :  

. . 
" ,::: ; .. ; . , . . .  . . . .  , . ..L 

. ., 
i 

L .  
. , .  - . .  

. , .  , , .  . 
. . ~ i m p l i f  y' ' e l e c t r i c a l  :connectiiins so t h a t  an..&m6r or gr6u*dsk&ebe= .' 

could, r e p a i r  terminal  damage by unplugging "the damaged ' terminal," 

and rep lac ing  it with a new terminal.  (NOTE: This  would e l imina te  

expensive t r a v e l ,  t r anspor t a t ion ,  ' .and .' setu$/clean'up tdme and "th& 

reduce terminat ion r e p a i r  cos ts . )  Care must be taken t o  i n su re  the 
. , . . . .  . . .,. 1 . O . . . .  . !  . . . .  s a f e t y  of the repairperson. 

. . .  . . . . .  . Lack of MuItt-Function Temiinals ' . . 

, .. . . . .  " 2  . . . >  

. Terminals designed t o  perform multi-functions, such a s  e l e c t r i c a l  

int t i rconnect ion and 'mechani=a.l ' fastening, ' could be developed. 
. . .  

Figure' 5 .I4 i s  an : example of ' such a '  device f o r  sh ingle  type 
. . . * .  modules. 



Figure 5,14 P4echanical/Electrical'   as tening of Shingles 



SECTION 6 

REPAIR/ REPLACEMENT STRATEGY 

0 
This  section of the final report will describe several potential repair1 

replacement scenarios which may take place over the life of a photovoltaic 

array. In an attempt to identify the desirability or lack of desirability 

for certain maintenance operations, several costing studies have been 
- .  . 
performed . . for each scenario. Cost 'data was developed for each of four . . 

scenarios based upon a system design life of twenty years. A discount 

factor of zero was approved by JPL for use in. establishing life cycle cost 

data for the operation and maintenance scenarios associated with. 

residential photovoltaic systems. 
. . . . . . , . . . .  , . . 

Four basic scenarios are described. p he' three basic environmental, < . . .  
, .  . 

conditions - of urban, suburban, and rural environments are examined for 
operation and maintenance costs. Each of these scenarios will include the 

investigation of standard 32" x 96" panels and photovoltaic shingles. The 

last scenario will investigate a catastrophic failure of a portion of the 

array and the considerable cost differences associated with panels versus 

shingle installations. 

Scenario 1. 

For the purpose of the first scenario, the photovoltaic array 1s l6caeed in 

an urban environment (one in which heavy airborn pollutants are present) 

with an expected system life of 20 years. In this harsh environment, 

assume the array requires cleaning twice a year and the panel framing 

requires coating (painting) once every three years. Also, five 32" x 96" 

panclo require replacement throughout the 20 year period. For comparison 

purposes, a shingle array consisting of 600 photovoltaic shingles which 

require cleaning twice a year, do not require painting, and require the 

replacement of 50 shingles (replaced at one time) during the life of the 

array. 



. , . . . . 
Based on these assumptions, the following cos t s  f o r  maintenance operat ions 

. . 
w i l l  be incurred:  

. . 
panel - Shingle 

.,. . . . .  . .  . . panel / sh ing le  rep lacemeit $ 427 $ 815 

. ' pa in t ing  . 2,744 . 0 

. Cleaning . '4,800 ' 5,600 

These c o s t s  were obtained i n  t he  folldwing manner: 

. 1 ' "  .. , . >.- , : A . .. . Panel Replacement . - 

(No. of panels)  ; ( ~ e ~ l a c e m e n t  c o s t  per panel) i'   if 6 cycle  

replacement c o s t )  

(5)  x ($85.30) = $426.50 ' ' 

. . . , 

The 'replacement cos t  per panel ($85.30) was taken from Table 5.8 
. . 

( D e t a i l  A). (T rave l / t r anspor t a t ion  is included.) 

. Panel Pa in t ing  

(NO. of n (cos t  per ' ( i i f i  cyc l e  

pa in t ing  c o s t )  

. . 2 .  . . ,. ., -.... . . .. . 
' The cos t  per ha in t ing  ($457.27) was taken from  able 5.1 145'-4" x 

b .  

24'-0" a r r a y  (roof mounted) 1. 

. .  . . Panel c leaning 
. - 

(No, o f  Cleanings) x ' (cost per c leaning)  - (L i f e  cycle  
. *  . . . . - . . ~. . .  ~. 

. a  . . : . , 

cleaning c o s t )  

I , .  . . , 

The cost per  c leaning  ($120.00) ' was taken ' f rbm Table 5 .5  ' f o r  

c lcaning  a roof mounted a r r a y  of 32" r' 96" panela by P e i  window.. 
. .  . . . . .  . . .  

Cleaning company. 



. Shingle Replacement 
[(No. of shingles) x (Replacement + handling 
costs)] + [(Set up/clean up) + (Travel/ 
transportation cost)] x (NO. of days required) . = (Life cycle 

replacement cost) 

[SO x ($9.17 + $6.42)1 +. ($10.08 + $25.76) x (2) = 

(50 x $15.59) + $35.84 x 2 . . = $815.34 

Replacement, handling, set up/clean up, and travel/transportation 

costs were taken from Table 5.11. 

. Shingle Painting . . 

$0 (Shingles have no frames which require paint .), . . . 

. Shingle Cleaning 
. , 

(No. of cleanings) x (Cost per cleaning) = (Life cycle 

Cost per cleaning ($140.00) was taken from Table 5.5 for cleaning a, 

roof mounted array of shingles, by Penn Window Cleaning . . Company. 

. , 

This maintenance scenario . indicates . approximately .$8,000 . of.maintenance . 
costs will be incurred for the 32" x 96" panel and $6,500 will be incurred 

for maintenance procedures on photovoltaic shingles over the life of the 

array. Two item contribute heavily ao coat drivcro for thio ecemrio. 

First, frame painting for the 32" x 96" panel should not be. required, as 

the frames should be constructed of a material that does not require 

coating. Two options can be identified to accomplish this task. The 

frames may be constructed of a material such as aluminum which will not 

require the application, of an additlopal coating during the expected array 

life. The other alternative would be to coat with a coating system which . .  . ' . _  
requires only initial treatment with an expected life of 20 years. In 

. . . . , . 

either case these solutions are accomplished 'in the factory and are 
. . 

fefleceed in the initial panel/module cost, not in the operatiau ai~d 
' . :  



maintenance cost. Second, cleaning contributes better than 50% to the 

maintenance costs. 

Materials need to be developed and utilized in photovoltaic panels which do 

not require cleaning. If, however, this option is not available for 

technological or economic reasons, simple, low-cost cleaning procedures 

must be utilized. A quick and simple procedure might include the 

photovoltaic system owner "hosing down" his array on a routine basis. The 

frequency of this operations would be a function of the geographic location 

of the array. 

Assuming the above cost reduction conditions can be met, the 

repairlreplacement scenario for the urban environment might consist of the 

following: 

Panel - Shingle 

. Panellshingle replacement $ 427 $ 815 

. Painting 0 0 

. Cleaning - once every 3 years 800 933 

TOTAL $1,227 $1,748 

It becomes readily apparent that simple changes in the maintenance program 

will reault in substantial cost rcductious f ~ i  uyeiaLluu v~ld malaLeuaact! 

actions. Every cost effective method and material should be investigated 

for use in the design and fabrication of photovoltaic modules and arrays to 

insure the need for little or no life cycle maintenance actions. 

Scenario 2. 

For the purpose of the second scenario, assume a suburban environment (a 

moderately harsh environment) consisting of 1,000 square feet of 

photovoltaic array. Both a 32" x 96" panel array and a photovoltaic 

shingle array will be investigated. During the expected 20 year life of 

the array, cleaning will be required once every year, painting will be 

required once every five years and five panels will require replacement 

while 30 shingles will be replaced (at one time), 

6-4 



The following costs are generated as a result of this scenario: 

Panel Shingle 

., Panel/shingle replacement $ 256 $ 504 
. , .  

Painting 1,372 0 
. .. 

Cleaning 2,400 2,800 ' 

TOTAL $4,028 $3,304 . . .  ' 

, . 

. . 
These costs were generated as follows: 

. . 

Panel Replacement 

(No. of panels) x (Replacement cost per panel) = (Life cycle 

replacement 'cost j '.. 
. , .  

(3)x ($85.30)= $255.90 ' .  ' 

. . . /  
_ I .  

The replacement cost per panel ($85 -30) was taken from   able ' 5.8 

(Detail A), (Travel/transportation, handling, and all other 

replacement costs are included,) 

. , 

Panel painting 

(No. of paintings) x (Cost per painting) = (Life cycle 

, painting costs), 

(3) x ($457.27) .= $1,371.90 

The cost per painting ($457 .27) was taken from Table 5.1 [45'-4" x. .. 

. . .  
24°-0" array (roof mounted) l o  

. Panel Cleaning 
. . 

(No. of Cfeanings) x (Cost per cleaning) = (Life cycle . . 

cleaning cost) 

(20) x (~i20,oo) = $2,400 . 

The cost per' cleaning (-$120.00) was taken' from Table 5.5 for 

cleaning a roof mounted array of 32" x 96" panels by ~ e n n  Window 
. . Cleaning, 

. . . . 

. . . . . .. . , , . .  



. Shingle  Replacement 

. [No. o f . s h i n g l e s  x (Replacement and handling 

, . c o s t s ) ]  + (Set  up/cleaning up + Travel  

Transpor ta t ion  c o s t )  . . = (Li fe  cyc le  

replacement c o s t )  

(30 x ($9.17 + $6.42)].+ ($10.08 + $25.76) = 

[30 x $15.591 + ($35.84) = $503.54 

Replacement, handling, s e t  up/clean up, and t r a v e l / t r a n s p o r t a t i o n  

. c o s t s  were taken from Table 5.11. 

Shingle Pa in t ing  

$0 (Shingles  have no frames which r equ i r e  pa in t .  ) 

. . Shingle Cleaning 

(No. of c l e a n i n g s )  x (Cost per c leaning)  (L i f e  cyc le  

cleani~g cost )  

Cost per c lean ing  ($140.00) was taken from Table 5.5 f o r  c leaning a 

roof m o i ~ n t ~ d  sttray nf ~ h i n g l e ~  hy Penn Window Cleaning Company. 

A s  wi th  scenar io  1, the  cos t  drivers for maintenance are .c leaning and 

pa in t ing .  Assuming the  pa in t ing  process can be el iminated through the use 

of m a t e r i a l s  which do not requi re  coa t ing  o r  s p e c i a l  processing p r i o r  t o  

i n s t a l l a t i o n ,  and , c l ean ing  can be reduced t o  once every 5 years ,  the  

fo l lowing  c o s t s  a r e  generated f o r  maintenance opera t ions :  

Panel Shingle 

PaneP/shingle replacement $ 256 $ 504 

Pa in t ing  0 0 

. Cleaning 

TOTAL 



Again, it cannot be emphasized enough that considerable costs can be 

incurred as a result of standard maintenance ppocedures. These standard 

maintenance procedures must be minimized or eliminated in order to make the 

life cycle costing of photovoltaic power. systems for residence more 

attractive. 

Scenario 3,. 

. . , . 
a .  

This scenario examines the rural environment (the least harsh). In this 

case, cleaning is reduced to once every two years, no painting is requited 

and one panel requires replacement while 10 shingles require,. replacement, 
. .  . -. 

Although it may not be necessary to ,,replace 10 shingles from an electrical 

degradation standpoint, replacement may be required in order to maintain , 

the water-tight integrity of the roofing system. . . 

The following costs .are generated as the result of this scenario: 

Panel - Shingle 

~anel/shingle replacement $ 85 $ 192 

. Painting 0 0 

. Cleaning 1,200 1,400 

I ,TOTAL .- . , : . , . . $1,285 $1,592 , 

, ..-..-. , . 

The above costs were determined as!follows: . - 

. Panel Replacement I . . 

(No. of panels) x (Replacement cost per panel) (Life cycle cost) 

replacement 

(1) x ($85..30) = $85.39 

The replacement cost per panel ($85.30) was taken .from Table 5.8 

(Detail A). (Travel/transportation, hand1 ing, and, all other 

replacement costs are included). 



. Panel Pa in t ing  

$0 (No pa in t ing  is required.) 

. Panel Cleaning 

(No. of c leanings)  x (Cost per c leaning)  = (L i f e  cycle  

cleaning c o s t )  

(10) x ($120.00) = $1,200 

The c o s t  per c leaning  ($120.00) was taken from Table 5.5 f o r  

c leaning  a roof mounted a r r a y  of 32" x 96" panels  by Penn Window 

Cleaning Company. 

Shlngle Replac@iBen~ - 

[(No. of sh ing le s )  x (Replacement and handling 

c o s t s ) ]  + (Se t  up lc lean  up) + ( ~ r a v e l l  

t r anspor t a t ion  c o s t )  = (Li fe  cycle  

replacement c o s t )  

[ l o  x ($9.17 + $6.42)] + ($10.08) + ($25.76) = 

10  x $15.59 + ($35.84) = $191,74 

Replacement, handling, s e t  uplclean up, and t r a v e l / t r a n s p o r t a t i o n  

cos t  were taken from Table 5.11. 

. Shingle Pa in t ing  

$0. (Shingles  have no frames which r equ i r e  pa in t .  ) 

Shingle Cleaning 

(No. of Clcaningo) IL (Coot pcr  oloaning) = (L i f e  oyole 

cleaning c o s t )  

Costs per  c leaning  ($140.00) was taken from Table 5.5 f o r  c leaning  

a roof mounted a r r a y  of sh ing le s  by Penn Window Cleaning Company. 

I f  d u r i n g '  the l i f e  of the  a r r a y  loca ted  i n  a r u r a l  (mild, nonharsh) 

environment, t he  cleaning opera t ion  could be el iminated by the  photovoltaic  
.. 1. 

system owner "hosing down" his a r r ay  ;on. a rout ine  bas i s  ; the maintenance 
, .<.: 
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costs would for all practical purposes be nonexistent.. This, of course, 

would be the ideal situation. 

Table 6.1 provides a summary of the costs generated for each of the above 

scenarios. 

Scenario 4. 

For the purposes of scenario 4 assume a roof mounted integral photovoltaic 

array consising of 32" x 96" panels and a roof mounted array consisting of 

approximately 600 photovoltaic shingles each 1.5 square foot in area. As a 

result of a meteorological calamity or catastrophic failure, 5 panels 

require replacement at one time. The cost associated with this 

replacement is approximately $283 which was derived from the following 

formula : 

[(No. of panels) x (Panel replacement cost less travel/ 

transportation and set uplclean up)] + [(No. of days) x 

(travel/transporation + per day set uplclean up)] = (Total cost) 

[(5) x ($85.30 -$35.84)] + [(I day) x ($35.84)] = $283.14 

Panel replacement, travelltransporation, and set uplclean up costs were 

taken from Table 5.8 (Detail A). 

Assuming an equivalent area of shingles needs to be replaced, costs will be 

approximately $486 which was obtained using the following formula: 

[(No. of internal shingles) x (Shingle replacement cost 

(internal))] + [(No. of perimeter shingles) x (Shingle 

replacement (perimeter cost))] +[(No. of days) x 

(Travel/transporation + Set uplclean up)] 0 (Total shingle, 

replacement . 

cost) 

[(43) x ($3.90)1 + [(27) x ($7.80)1 + [(3) x ($35.84)] = $485.52 



URBAN 

. Replacement 

. Pain t ing  

.. Cleaning 

. TOTAL 

SUBURBAN 
. . 

. Replacement 

Pa in t ing  

Cleaning 

. 'TOTAL , 

RUF& 

.' Replacement 

Paiiltiilg 

. Cleanirig 

TOTAL 

. . TABLE 6.1 

REPAIR/REPLACEMENT SCENARIO SUMMARY 

PANEL 

CASE l* - .  ' CASE 2** 

$ 427 . $ 427 

2,744 0 

4,800 800 

$7,971 ' $1,227 

SHINGLE 

CASE 1 CASE 2 

' $ 815 $ 815 

0 - 0 

5,600 933 

$6,415 . $1,748 

*Case 1 - Worst case f o r  each scenar io  

**Case 2 - Best case  f o r  each scena r io  



This example i l l u s t r a t e s  the increased ,replacement cos t  assoc ia ted  with a 

decreased module area.  I n  the event of a ca t a s t roph ic  f a i l u r e  of a por t ion  

of the a r r ay ,  high mainteilance replacement c o s t s  w i l l  be incurred when the  

a r r a y  c o n s i s t s  of small  photovol ta ic  modules. 

As a r e s u l t  of the above generated scenar ios ,  an i d e a l  scenar io  can be 

generated. This scenar io  would e l imina te  . t h e  need f o r  a l l  but the  most 

necessary maintenance procedures. These necessary maintenance procedures 

might inc lude  panel replacement a s  a r e s u l t  of decreased e l e c t r i c a l  

performince, panel replacement a s  a r e s u l t  of mechanical f a i l u r e  i n  the  

a r r a y  i n t e g r a t i o n  system and panel replacement a s  a r e s u l t  of ca t a s t roph ic  

f a i l u r e  due t o  n a t u r a l  phenomenon. Cleaning would be el iminated o r  reduced 

t o  a minimum, required only when severe s o i l i n g  ,occurs as a r e s u l t  of f r eak  

n a t u r a l  occurrences,  such a s  b i r d  droppings, l eaves  deposi ted t o  the  

su r f aces  of the a r r ay  and fo re ign  matter  deposited a s  a r e s u l t  of vandalism 

o r  neglec t .  The components chosen f o r  the u l t imate  design would incorporate  

ma te r i a l s  which a r e  easy ' t o  c lean  and r equ i r e  no a d d i t i o n a l  coa t ing  o r  

t reatment .  A l l  mechanical and e l e c t r i c a l  in te rconnects  should be designed 

t o  f a c i l i t a t e  any expected o r  unexpected maintenance procedures. 



SECTION 7 

CONCLUSION 

Conclusions of this study are that: 

1. Residential homeowners are not prone to perform routine 

maintenance procedures on the typical equipment found in a 

' residence. 

2. Homeowners are not likely to understand or wish to perform 

maintenance operations on 'electrical equipment. 

3. Photovoltaic arrays which are not easily accessible will not 

receive the normal maintenance procedures, such as painting of 

racks or frames. 

4. Cleaning costs will be significant, as professional cleaners 

will most likely perform this maintenance task. 

5. The life cycle costs associated with cleaning may inhibit the 

use of photovoltaic panels in areas with high concentrations of 

airborne particulates if the cover materials are not 

self-cleaning. 

6. Panel placement costs can be significant if attention is not 

given to the mounting type, installation/replacement type and 

the panel/array and its details. 

7, Panel replacement costs can be reduced signl,ficantly through 

the use of multifunctional fastenerso This type fastener would 

perform both the electrical interconnection and the mechanical 

fastening required to secure a panel. 



8. Array wiring must be easily accessible for maintenance 

purposes. 

9. Wiring should be well protected from the environment, vandals 

and vermin. 

10. Quick connect wirings systems should be used when possible to 

minimize labor and cost of maintenance operations. 

.11. If junction boxes are used placement should insure easy 

accessibility. 

12. If stud terminals are used, the design of the terminal should 

' allow for the easy removal and replacement of that terminal 

without damaging the panel. 

13. Photovoltaic panels must be designed to be durable and 

typical of climatic conditions, and extensive series parallel 

redundancy should be incorporated in order to reduce the need 

for panel replacement. 

14. Photovoltaic shingle array circuitry should be designed to 

allow for the loss o f  ~everal shingle modules before 

replacement is required. The costs associated with the 

replace men^ uT eivcral shingle0 io not oignificantly larger 

than the cnuts for replacement of one shingle. 

15. Thorough and detailed maintenance manuals muse be developed by 

panel manufacturers. 



*16. Ae photovoltaic panels are electrically active and isolation is 

difficult, extensive documentation of all safety procedures 

must be supplied with all photovoltaic panels. 

17. Insufficient information exists relative to the life expectancy 

and long term operational characteristics of photovoltaic 

. ' panels. It is therefore dif fsicult to develop accurate repair 

replacement strategies. . '  .. 

18. Continued studies investigating cleaning, safety, and circuitry 

redundancy must be performed to accurately develop life cycle 

costing of photovoltaic rays. 



SECTION 8 

RECOMMENDATIONS 

Recommendations of the study are that: 

1. Panels must be designed to be maintenance free. 

2. Studies examining the requirements for cleaning of cover 

glazings should continue. 

3. A detailed optimization study examining the requirements, costs 

and applications must be performed in order to develop accurate 

' repair replacement strategy. 

4. Safety studies must continue and address the possibilities of 

nonprofessionals performing maintenance tasks. 

5.  Detailed maintenance manuals must be developed. 

6. Maintenance costs analysis ,shoJld be performed by panel 

manufacturers, as these costs are very detail specific. 

7. Further studies on series paralleling should be performed for 

residential scale photovoltaic arrays. 

8; Operation and maintenance cost studies should be performed on a 

system wide level and/or to address all interrelated 

maintenance procedures. 

9-  The array designer should provide an easy method of access to 

the array for maintenance purposes. This may include the pro- 

vision of a latter support over the face of the array that can 



\ 

be e a s i l y  moved across the array while loaded, similar to the 

rol l ing ladders in book stores and l ibraries or a foothold or 

' ledge between horizontal rows of panels. 

10. Multifunction fastening devices should be developed. 

11. Techniques for waterproofing of arrays should be developed 

which do not require extensive gasketing material. 



SECTION 9 

NEW TECHNOLOGY 

No .new technology has been developed as a result  of this  contract. 
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