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ABSTRACT 

The R e s i d e n t i a l  Experiment S t a t i o n s  (RESs) o f  t h e  S o l a r  P h o t o v o l t a i c  

R e s i d e n t i a l  P r o j e c t  have been des igned  by MIT Linco ln  Labora to ry  under Depart-  

ment of Energy s p o n s o r s h i p  t o  develop r e s i d e n t i a l  p h o t o v o l t a i c  sys tems and t o  

d i s s e m i n a t e  i n f o r m a t i o n  t o  t h e  p h o t o v o l t a i c  community, cogn izan t  i n s t i t u t i o n s  

and,  u l t i m a t e l y ,  t h e  p u b l i c .  Th i s  r e p o r t  p e r t a i n s  t o  t h e  r e s i d e n t i a l  d a t a  s y s -  

tems t h a t  have been des igned  s p e c i f i c a l l y  f o r  t h e  RESs t o  g a t h e r  and p r o c e s s  

t h e  p h y s i c a l  d a t a  r e q u i r e d .  It c o v e r s  t h e  s p e c i f i c  r e p o r t s  which w i l l  be i s s u e d  

by t h e  p r o j e c t  and l is ts  t h e  c o n t e n t s  o f  e a c h  r e p o r t .  A sample format  f o r  e a c h  

r e p o r t  i s  a l s o  p r e s e n t e d .  The appendices  d e s c r i b e  t h e  q u a n t i t i e s  t h a t  w i l l  b e  

measured a t  t h e  Monitored Houses, P r o t o t y p e  Systems and I n i t i a l  System Evalua- 

t i o n  Experiments.  They a l s o  i n c l u d e  a d e s c r i p t i o n  o f  t h e  d a t a  p r o c e s s i n g .  



PREFACE 

The U.S. Department of Energy 's  Solar  Photovol ta ic  Res iden t i a l  P r o j e c t ,  a s  

o u t l i n e d  i n  t h e  September 1979 d r a f t  Res iden t i a l  Applicat ion Implementation 

P lan ,  began wi th  t h e  development and eva lua t ion  of Prototype Systems a t  Resi- 

d e n t i a l '  Experiment S t a t i o n s .  These s t a t i o n s  provide r eg iona l  focuses  f o r  t h e  

p r o j e c t  and inc lude  t h e  fo l lowing  f e a t u r e s  deemed c r i t i c a l  t o  t he  system 

development process:  

Systems designed and suppl ied by the  p r i v a t e  s e c t o r ;  

Systems compared under i d e n t i c a l  meteoro logica l ,  load 

and u t i l i t y  cond i t i ons ;  and 
. , 

Systems cvaluoted while  exposed t t : ~  nfwr-exrremr U. S. 

c l imates .  

These f e a t u r e s  ensu re  pub l i c  access  t o  system des igne r s  and s u p p l i e r s ,  unambig- 

uous comparisons of system energy product ion  and r e l i a b i l i t y ,  and provide  

a s su rances  of system d u r a b i l i t y  i n  most c o n t i n e n t a l  U.S. l o c a t i o n s .  

The Pro to type  Systems are complete photovol ta ic  energy systems i n t e g r a t e d  

i n t o  unoccupied, r e s i d e n t i a l  "she l l s . "  The phys i ca l  environment of a  r e a l  

r e s idence  i s  r e p l i c a t e d  f o r  ope ra t ing  and eva lua t ing  the  system. Based on 

s t u d i e s  of cu r r en t  and p ro j ec t ed  housing types ,  energy usage, u t i l i t y  r a t e s  

and photovol ta ic  system performance and p r i c e s ,  t h e  fol lowing c r i t e r l a  have 

emerged f o r  r e s i d e n t i a l  pho tovo l t a i c  systems: 
2 2 

Roof-muulkted f l a t - p l a t c  a r r a y s  of 40 m t o  80 m area; 

U t  i l i t y - i n t e r a c t i v e  o p e r a t i o n  involving two-way power f lows 

wi th  an  e l e c t r i c  u t i l i t y ;  

Nu un-s i te  e l e c t r i c  energy s to rage ;  

Overa l l  conversion rfC ici-ency 05 at l c a o t  1 0  percent ;  

e Peak e l e c t r i c  power r a t i n g  ( i . e . ,  i n  f u l l  s u n l i g h t )  i n  

t he  range 4 t o  8 k i l o w a t t s  ; 

S i t e  i n s o l a t i o n  g r e a t e r  than  approximately 1260 kwhe2 

per  year ;  

T o t a l  i n s t a l l e d  PV system c o s t  i n  the range $1.60 t o  

$2.20 per  peak wat t ;  and 

e Useful  l i f e  of t h e  PV system of a t  l e a s t  30 years .  



Candidate systems which o f f e r  promise of meeting ( i n i t i a l l y )  most and (event- 

u a l l y )  a l l  of t h e  above c r i t e r i a  a r e  being evaluated a t  t h e  Res iden t i a l  Experi- 

ment S t a t i o n s  f o r  t e s t  pe r iods  of approximately one year du ra t ion .  This  t e s t  

per iod was s e l e c t e d  i n  order  t o  provide an adequate  t ime f o r  v e r i f y i n g  techni -  

c a l  performance (power and energy product i on ,  e f f i c i e n c i e s ,  ac power q u a l i t y ,  

n o i s e  genera t ion ,  e t c . )  over t h e  f u l l  range of a  yea r ' s  weather. It a l s o  is  

s u f f i c i e n t l y  , long t o  determine whether t he  system des ign  and manufacturing 

q u a l i t y  a r e  c o n s i s t e n t  with .good s a f e t y  p r a c t i c e s .  

These eva lua t ions  w i l l  provide only  l i m i t e d  informat i on  on long-term 

r e l i a b i l i t y  ( i . e . ,  frequency of unscheduled outages  and/or pe r iods  of reduced 

output )  and d u r a b i l i t y  ( i . e . ,  t h e  a c c r u a l  of gradual  degrada t ion  i n  system 

performance a s  a  func t ion  of ope ra t ing  . time) . Such information can  come on ly  

from acce l e ra t ed  t e s t i n g  methods, which a t  p resent  a r e  not  a v a i l a b l e ,  o r  by 

the  sheer  passage of time. F i n a l l y ,  t h e  eva lua t ions  w i l l  provide l i m i t e d  i n f o r -  

mation on t h e  amount of maintenance and r e p a i r  e f f o r t  which must be expended 

on a  system. Further  information can be obtained only  by extended, rea l - t ime 

ope ra t ion ,  p re fe rab ly  i n  an a c t u a l  u s e r ' s  environqent .  

The eva lua t ion  procedures used a t  Res iden t i a l  Experiment S t a t i o n s  a r e  

presented  i n  two documents: Prototype Res iden t i a l  Photovol ta ic  Systems 

Evalua t ion  Plan and Information Gathering,  Data Reduction and Information 

T)i.ssemination f o r  Res iden t i a l  Experiment S t a t  ion  Operat ions.  The f i r s t  docu- 

ment d e s c r i b e s  s p e c i a l ,  s h o r t - d u r a t i o n . t e s t  procedures  which w i l l  be c a r r i e d  

o u t  on t h e  Prototype Systems and t h e i r  components. These t e s t s  w i l l  provide 

c h a r a c t e r i z a t i o n s  of the system and i t s  components, and w i l l  v e r i f y  propcr 

opera t ion  of t h e  systems when they a r e  exposed t o  both  normal and abnormal 

ope ra t ing  condi t ions .  

The second document d e s c r i b e s  t h e  r o u t i n e  ope ra t ion  of t h e  Pro to type  

Systems, t h e  phys ica l  q u a n t i t i e s  measured, the '  d a t e  process ing  procedures ,  t h e  

val idaLlon of ana lyr  i c  merhods f o r  performance p r e d i c t  i on ,  and t h e  c a l c u l a t i o n  

of Pro to type  System energy product ion e s t ima te s  f o r  t y p i c a l  meteoro logica l  

yea r s  a t  v a r i o u s  U.  S. c i t i e s .  These performance e s t  h a t e s ,  i n  conjunct  ion  

wi th  c i t y - s p e c i f i c  u t i l i t y  r a t e s ,  w i l l  be used t o  a s s e s s  t h e  worth of t h e  PV 

systems t o  homeowners. 

-v- 



C o l l e c t i v e l y ,  t h e s e  documents exp la in  t h e  "experiment" at each Res iden t i a l  

,Experiment S t a t i o n  and provide a means f o r  gauging the  s i g n i f i c a n c e  of t h e  

r e s u l t s .  The second document a l s o , d e s c r i b e s  a s e r i e s  of r e p o r t s  which a r e  

designed t o  address  t h e  inforniat ional  needs of those  i n d i v i d u a l s  and i n s t i t u -  

t i o n s  w i th  s p e c i f i c  inrerests In the perf ormanee of t he  ,Pro to type  Systems. 

Consis ten t  wi th  t h e  r o l e  of t h e  experiment s t a t  i ons  i n  implementing t h e  Nat iona l  

Pho tovo l t a i c  program o b j e c t i v e  of reso lv ing  ". . . t e c h n i c a l ,  i n s t i t u t i o n a l ,  l e g a l ,  

environmental and s o c i a l  i s s u e s  involved i n  f o s t e r i n g  widespread adoptio'n of 

p h o t o v o l t a i c  energy systems,"* t h e  audience f o r  t hese  r e p o r t s  extends beyond 

. *National  Photovol ta ic  Program, Multi-Year Program Plan ,  U.S. Department of 
Energy, Div is ion  of  So la r  Technology, Washington, DC 20585, 6 June 1979. 
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1.0 OBJECTIVES 

The Res iden t i a l  Experiment S t a t i o n s  (RESs) of t h e  So la r  Photovol ta ic  

Res iden t i a l  P r o j e c t  have been designed t o  meet .two bas i c  o b j e c t i v e s :  (1) resi- 

d e n t i a l  photovol ta ic  system development and (2) information d isseminat ion  t o  

t h e  photovol ta ic  community, cognizant  i n s t i t u t i o n s ,  and, u l t i m a t e l y ,  t h e  pub l i c .  

'Res ident ia l  Data Systems (RDSs) have been designed t o  c o l l e c t  and proce.ss t h e  

phys ica l  da t a  reqvi red  i n  meeting these  o b j e c t i v e s .  

This  document p e r t a i n s  only t o  t h e  RDS developed t o  ga ther  phys i ca l  d a t a  

a t  the RESs. It f i r s t  covers  t h e  s p e c i f i c  r e p o r t s  which w i l l  be i s sued  by t h e  

pr0jec.t  and, i n  t he  appendices,  o u t l i n e s  t h e  use  of t h e  RDS f o r  c o l l e c t i n g  and 

processing the ' i n fo rma t ion  t o  be repor ted .  Appendices Al, A2 and A3 d e s c r i b e  

the  q u a n t i t i e s  t h a t  w i l l  be measured a t  t he  Monitored Houses, Pro to type  Systems 

and I n i t i a l  System Evaluat ion Experiments. They a l s o  inc lude  a  d e s c r i p t i o n  of 

t h e  da t a  processing.  A complementary document t i t l e d  "Proto type  Res iden t i a l  

Photovol ta ic  System Evaluat ion Plan,"  is  i n  p repa ra t ion  which w i l l  ca ta logue  

d u r a b i l i t y  -and r e l i a b i l i t y  s tud ies '  t h a t  w i l l  be  performed on t h e  pro to type  

- ' photovol ta ic  power systems. I t , t o g e t h e r  wi th  t h i s  document on t h e  RDS, w i l l  

form t h e  bulwark by which pro to type  pho tovo l t a i c  power systems w i l l  be eva lua ted .  

2.0 DAILY JlEPORT ON RES OPERATIONS 

 d daily r e p o r t  summarizing the  p a s t  day ' s  performance (midnight t o  

midnight) of each Monitored House (MH), Pro to type  System (PS) and I n i t i a l  

System Evaluat ion Experiment (ISEE) w i l l  be prepared and d i s t r i b u t e d  t o  t h e  

management and s e l e c t e d  s t a f f  of t he  P r o j e c t .  The o b j e c t i v e  of t h i s  b r i e f  

4 ( t ~ o - ~ a g e )  r e p o r t  i s  t o  provide up-to-date feedback on MH, PS and ISEE per for -  

mance, t oge the r  wi th  meteorological  information,  so t h a t  any problems can  be 

recognized quick ly  and cor rec ted .  It is a l s o  expected t h a t  such information 

. w i l l  prompt t he  r ecogn i t i on  of o p p o r t u n i t i e s  f o r  performance enhancement even 

when no problem is  perceived t o  e x i s t .  

The MH information w i l l  comprise t he  t o t a l  e l e c t r i c  energy usage, t he  

usage between s u n r i s e  and sunse t  hours  (hencefor th  t h i s  time between s u n r i s e  

and sunse t  w i l l  be r e f e r r e d  t o  a s  sun-hours), t h e  average vo l t age ,  t h e  peak 



c u r r e n t  and vo l t age ,  t h e  peak load  power and the  time i t  occurred,  and the  

number of v a l i d  d a t a  hours.  (The l a s t  datum w i l l  i d e n t i f y  incomplete records  

f i r  t h e  day.) Appendix A4 d e s c r i b e s  how some of t h e  q u a n t i t i e s  furn ished  i n  

t h e  d a i l y  r e p o r t  are def ined .  

The PS information w i l l  comprise t h e  photovol ta ic  (PV) a r r a y  dc energy 

produced (both  a b s o l u t e  ki lowatt-hours  and ki lowatt-hours  per  a r r a y  k i lowa t t  
# 

peak r a t i n g ) ,  t he  a r r a y  peak power, t he  i n s o l a t i o n  a t  t he  a r r a y  t i l t  angle  

du r ing  sun-hours and dur ing  power-coadfrloning unic  ope ra t ion ,  the peak t i l t e d  

i n s o l a t i o n ,  t he  PV a r r a y  energy conversion e f f i c i e n c y ,  t h e  maximum and minimum 

pane l  temperature,  a f i g u r e  of mer i t  f o r  PV a r r a y  ope ra t ion  ( s e e  Appendix A4 

f o r  d e f i n i t i o n ) ,  t h e  power cond i t i one r  a c  energy pruduct ion and o p e r a t i o n  e f f i -  

c i ency ,  t h e  peak power from power cond i t i one r ,  t h e  number of ope ra t ing  houks 

o f  t h e  power-conditioning u n i t ,  a f i g u r e  of mer i t  f o r  power cond i t i one r ' ope ra -  

t i o n  ( s e e  Appendix A4 f o r  d e f i n i t i o n ) ,  t h e  imposed t o t a l  load  and i d e n t i t y  of 

t h e  MH supplying t h e  load ,  t h e  energy .suppl ied  b y ' t h e  u t i l i t y  , feed ,  t h e  energy 

accepted  by t h e  u t i l i t y  feed ,  t h e  number of hours monitored, and t h e  system 

s t a t u s  ( t h e  l a s t  datum w i l l  i d e n t i f y  i n v e r t e r  breakdowns, a r r a y  washings, e t c . ) .  

The ISEEs in fo rma t ion .wi l1  comprise the.same measures a s  t h e  PSs and w i l l  

a l s o  inc lude  the  es t imated  pas s ive  s o l a r  hea t ing  ga in ,  .es t imated energy gain ' 

from f i r e p l a c e  and wood s t o v e  hea t ing ,  t h e  est imated hea t  pump system hea t ing  

o r  coo l ing ,  the  .ac energy inpu t  t o  hea t  pump, t he  a c  energy t o  a i r  blower, t h e  

s o l a r  and h e a t  pump c o n t r i b u t i o n  t o  hot  water product ion,  t h e  supplemental 

e l e c t r i c  energy c o n t r i b u t i o n  t o  hot water product ion,  t h e  supplemental e l e c t r i c  

energy c o n t r i b u t i o n . t o  space hea t ing  and t h e  number of degree days. 

~ e t e o r o l o g i c a l  in format ion  w i l l  comprise t h e  t i l t e d  a r r a y  i n s o l a t i o n  

r epor t ed  wkth each PS and ISEE, t h e  t o t a l  h o r i z o n t a l  i n s o l a t i o n  a t  t h e  RES, 

t h e  peak and 16&6t: ourdoor cemprr.aLure givou w i t 1 1  each ISEE and a t  t h c  RES, 

and t h e  average sunhour wind speed and p r e c i p i t a t i o n  a t  t h e  RES. Ia a d d i t i o n ,  

a " c l e a r n e s s  index" ( s e e  Appendix A4), def ined  a s  t h e  percent  of maximum poss- 

i b l e  t e r r e s t r i a l ' h o r i z o a t a l  i n s o l a t i o n  a v a i l a b l e  f o r  t h e  day, w i l l  be c a l c u l a t e d  

and presented f o r  t h e  RES toge ther  w i th  t h e  s t a t u s  of monitor ing a t  both  RES 

and ISEE. 

A sample format f o r  t h e  d a i l y  ope ra t ions  r e p o r t  is given in Table I. 



RESIDENTIAL EXPERIMENT STATION, SAMPLE DAILY REPORT 

HIRES DAILI REPORT: TUESDAI 6/30/81 

PROTOTYPB ARD ISBE PO ARRAY INPORMATIOll MITLL WEST GE TRISC SOLRX CABLE 

., , . :  RATED POEBR(RW) /TTLT ANGLE(DBG.) 6.8/45. 5.2/45. 6.8/33.7 4.8/45. 5.2/40. 7-3/05. 
--------------------------------------tI---------I---------I---------I--------- I--------I--------- 1 
PV DC ERERGY (ROW ' 1 32.631 21.001 30.931 21.591 0 . 0 )  36.101 
---------------------------------------I---------I--------I---------I---------I--------I--------- I 
P O  DC ERERGI / RATED POWER I u.801 0.041 4 - 5 5 )  4.511 0 . 0 1  4.951 
--------------------------------------I---------I---------I---------I---------I--------1--------- I 
ARRAY PEAK POWER (KW) 1 5.291 0.121 5.261 3.781 0 . 0 1  6.761 
--------------------------------------I---------I--------I---------I---------1---------I--------- I 
TOTAL TILT IASOLA~10N:SUNROOBS (KWE/I**2) 1 5.531 5.341 6.501 4.84 1 0.0 1 5.631 
---------------------------------------I---------I---------I---------I---------I---------I--------- I 
TOT TILT 1NSOZ:PV SYSTEM ON(RWE/!l**2) 1 5.531 4.251 0.0 I 4.8UI 0.0 1 5.621 
--------------------------------------I---------I---------I---------I---------I--------I--------- I 
PEAR IRSOLATIOR LEVEL (KW/H**2) 1 0.891 0.871 0.981 0.901 - 0.0 1 0.961 
-------------------------.-----------I---------I---------I---------I---------I---------I--------- I 
PV A R R A Y  EPPICIEN2Y (S) 1 6.751, 5.401 0 .0  I 9 i 3 4 I  0.0 I 6.491 
--------------------------------------I---'-----1--------I---'-----I---------(---------I--------- I 
3AXIIDH PAREL TEMPERATURE (DEG.C) I 51.231 u7.581 59.211 UU.871 0.0 I 63.931 
----------------------------------------I---------I---------I---------I---------I--------I--------- 1 
HIRIIOI PAREL T E U P E R A T U R E  (DEG.C) 1 7.731 5.081 6.751 18.341 0.0 1 10.121 
--------------------------------------I---------I---------I---------I--------I---------I--------- I 
PIGOPE OP MERIT: PV A R R A Y  1 91.121 99.911 0.0 1 100..61( 0 .0  ( 87:931 
---------------------------------------I---------I---------I---------I---------I-------I--------- . . I 

PROT3TPPE ARD ISEE PCU INPORIATIOR MITLL WEST G E ?RISC SOLRX CARLE 
---------------------------------------I---------I---------I---------I---------1---------1--------- I 
POWER CONDITIONER AC OUTPUT (KWH) I 29.091 17-02)  0 .0  I 19.701 0.0 1 32.931 
---------------------------------------I---------I---------I---------I---------I---------I--------- I 
PEAK POWER PBOH POWER CONDITIONER (KO) 1 4.791 3.531 0.0 I 3.071 0 .0  1 6.331 
--------------------------------------I--&------I--------I---------I---------I---------I--------- I 
POWER 'CONDITIORER EPPICIENCY (x) 1 89.171 81.071 0.0 1 91.231 0.0 1 91.231 
---------------------------------------I--------- I---------I---------I---------I---------l--------- I 
FIGURE OP IIERIT: PPWER CORDITIORER 1 100.001 10O.OOl . 0.0 1 100.001 0.0 I 0.0 I 
--------------------------------------I-I---------I---------I---------I---------I--------- I 

PROTOTYPE A N D  ISEE AC ENERGY PLOW HITLL WEST G E IRISC SOLRX CABLE 
---------------'----------------------I---------I---------I---------I----:----I---------I--------- I 

' MUFIBER OP ROURS OP PV SYSTEI OPERATIOR I 1U: 181 .8:U81 0 :  01 10: 501 0: 01 13:Ufl ....................................... I---------I---------I---------I---------l---------l--------- I 
IIPOSED TOTAL LOAD (KWR) 1 14.971 1.561 16.691 9.971 0.0 I 40.191 
---------------------------------------I---------I---------I---------I---------I---------I--------- I 
WRICR' IONITORED AOOSE SUPPLYING LOAD I 0 .0  I 0 .0 I 0 .0 I 0.0 I 0.0 I 0 .0 I 
--------------"----------------------I--------- ---------1---------1---------1--------1--------- I 
E N E R G Y S O P P L I B D T O U T I L I ? Y P E E D ( R W R )  1 2 2 . 0 7 ; " 1 7 . 2 6 1  6 - 0 1  15.291 0 . 0 1  13.041 
-------------------------------------1,---------1---------1--------- I---------I-------- I--------- I 
ENERGY SUPPLIED DY UTILITY PEED (RUE) I 8.121 1.241 0.0 1 5.741 0.0 I 20.581 
---------------------------------------(---------1---------1---------1--------- !---------I--------- 1 
HOURS OP DATA RECORDED 1 23 :59(-  23:591. '  23:591 15:5UI O : O (  23:591 
----------"---------------------------I---------I---------I---------I--------I---------I--------- I 

STATUS . 
- P r o t o t y p e  1 i s  o n l i n e .  J o e  o f  e i g h t  s t r i n g s  is s h u t  off d u e  t o  c u r r e n t  

l e a k a g e  p r o b l e m s .  
- P r o t o t y p e  2 is o n l i n e .  Imposed  l o a d  d o e s  n o t  match  l o a d  d a t a  s o u r c e .  
- P r o t o t y p e  3 is o n l i n e .  
- P r o t o t y p e  U is  o n l i n e .  
- P r o t o t y p e  5 i s  o f f l i n e .  
-:SEE is o n l i n e .  



TABLE I (Continued) 

NEEES DAILY REPDRT:. TUESDAY 6/30/81 

S O N N I S P .  4:16 S O N S E W  19:21 SOLAR NODE- l l :U8  DAY LENGTH- 15:04 ZENITH ANGLE O P  SON AT SOLAR NOON- 19.3 DEG. 

M E T E O R O L O G ~ C A ~  P#BORHLT?ON RBS CAHLE 
-------------------------------------L-l---------l------- I 
HAXIMLIM AMBIENT TEMPERATURE (DEG. C)  1 20.071 32.271 

' -----------------------------'----------I---------l------i, 

DEGREE DAYS ( D E G .  c D A Y  ) i 0.0 i 0.0 i 
--------------------------------------;-1---------1--------- I 
AVER RGE WIND VELOZITY (HPH) I 5.281 ***++**+LI 
-------------------------------------'--l---------l--------- I 
P R E C I P I T A T I O N  ( I N )  (L****++~*I********+I 
---------------------------------------I---------l-------- ' I 
TOTAL ROEIZONTAL INSOLATION (KRA/Mo*2) I 6.751*********1 
----------------------------------------l---------l-------- I 
PERCENT O F  POSSYBLE HORIC. INSOLA'IIOII 1 79.751******- 

.----------------------------------------l---------l--------- I 
FOURS O P  DATA RECORDED DORIN; SUNHOURS 1 15: 01 15: 01 
----------------------------------------l--------- I--------- I 

MONITORED HOUSE I N P O R l A T I O N  181 MH2 flH3 I H 4  MH5 I H 6  
----------------------------------------I---------I---------I---------I--------I---------I--------- I 
TO'IAL ELECTRICAL ENERGY'OSED (KWH) 1 0.0 I 22.761 21.781 6.361 25.971 20.971 ----------------------------------------~---------~---------~---------~---------,---------~--------- I 
ELECT.  ENERGY USE DURING SONHOURS'(KWR) I 0.0 1 11.001 12.071 5. 111 18.561 13.771 
----------------------------------------l--------- I-;-------I--;------l---------l--------l--------- I 
7NSTRNT, PEAK CORPENT DRAWN BY HOUSE (A) l 6.0 I 44.041 53.131 36.041 48.661 UJ.671 
----------------------------------------l---------l---------i--------- I---------I--------- I--------- 
A V E R A G E  V O L T A G E '  ( v )  

I 
I 0.0 I 232.1Ql 344.y91 24b. 171 244.131 240.961 

---'------------------------------------~---------~L--------~---------~---------~---------~--------- 

INSTRNT.  PEAK V O L V G E  (V) 
1 

I 0 . 0 1  237.741 251.731 247.411. 248.36) 245.501 .................................................................................................... I 
PERK POWER DRAWN B Y  HOUSE ( K Y )  I 0 . 0 1  6.361 7.531 1.521 6.211 5.811 
--------------------------------'-------I---------I--------iI'--1--'--I---------I---'-"-I-"------- 
T I N E  PEAK POWER nRAWN ( R R , b r U )  

I 
I 0: 01 21 :PI l  19:47l  8: 51 8 :U l l  13:351 

----------------------------------------l---------l---------,---------l---------l--*------l--------- I 
HOURS OF DATA RECORDED 1 0 : O l  23:59( 23:59( 13:29( 23:59( 23:59( 
'--------------------------------'-------~---------~---------~---------~---------~---------~--------- I 

J S E E  ENEEGY PLOW ' CARLE 
--------------------------------'--'-------i--------- I 
EST. F I R E P L A C E  + WOODSTOVE REATING (KWH) I *********I 
----------------------------------------l--------- I 
EST. P R S S l V E  SOIAR HEAIfNG GRIN (KWH) I*********I 
---------------------------------------!--------- 1 
EST. AEAT POflP HEATING OR COOLING (KWH) l*********l 
----------------------------------------i--------- I 
AC ENERGY I N P U T  T O  REAT PUflP (KWH) 1+**+*0*b*( 
----------------------------------------1--------- I 
RC ENERGY TO AIR BLOWER (KWR) I*+*+L****~ ................................................. I 
SOLAR A N D  HEAT P o n P  ROT PATEP PROD. ( K W H )  I*********I 
----------------------------------------t--------- I 
t t e c ~  a ~ s x 3 r a a e ~  n E n r r t l o  ran warn? (nwnl I 0.0 I 
---------------------------------------I-------- I 
ELECT RESISTB'N,CE SPACE H E A T I N G ,  (RUE) I*********l 
---------------------------------------i--------- I 



. . 
3.0 MONTHLY REPORTS ON RES OPERATIONS 

.-. Three sepa ra t e  monthly d a t a  packages summarizing t h e  p a s t  month's 

performance w i l l  be .prepared and made ava i l ab l e .  by t h e  t e n t h  day of t h e  

follow.ing month. Each w i l l  cover  t h e  ope ra t ion  of MHs, PSs and ISEEs. The 

f i r s t  package w i l l  be an hour by hour t a b u l a t i o n  of t h e  va r ious  q u a n t i t i e s  mea- 

sured. This  package w i l l  be a v a i l a b l e  f o r  i n spec t ion  a t  t h e  FES. The second 

package is  a r e p o r t  which w i l l  be  a  synopsis  of t h e  f i r s t  package p re sen t ing  

the  same q u a n t i t i e s  a s  a n  hour by hour t a b u l a t i o n  f o r  an  average day. It w i l l  

be d i s t r i b u t e d  t o  t h e  FES Consulting Committee, t h e  o t h e r  f i e l d  c e n t e r s  i n  t h e  

PV program, t h e  J e t  Propulsion Laboratory Lead Center a n d , t h e  Department o f  

Energy. The t h i r d  package is  a l s o  a  r e p o r t  which w i l l  be a  one-page summary 

present ing  some of t h e  q u a n t i t i e s  a s  n e t  va lues  f o r  an average day. It w i l l  

be a v a i l a b l e  f o r  d i s t r i b u t i o n  t o  t h e  genera l  publ ic .  The o b j e c t i v e  of t h e s e  

. r e p o r t s  i s  t o  disseminate  a u t h o r i t a t i v e  and accu ra t e  information concerning 

. t h e  performance of PSs and ISEEs and t h e  t y p i c a l  l oads  which they  serve .  Such 

t imely  information is  needed by t h e  o v e r a l l  DOE PV program'to ensure  a  uniform 

and c o r r e c t  understanding of t h e  performance of t hese  developmental systems. . 

It i s  expected tha t .  t h e  genera l  a v a i l a b i l i t y  of t h i s  information w i l l  temper 

unfounded and exaggerated claims concerning system performance. The informa- 

, t i o n  presented should be widely accepted and provide f o r  a  r a t i o n a l  d ia logue  

concerning t h e  m e r i t s  of r e s i d e n t i a l  PV power systems. 

Information from t h e  MHs w i l l  be presented f o r  use  by e l e c t r i c  u t i l i t i e s  

and PV system des igners .  This information w i l l  be  p a r t i c u l a r l y  u s e f u l  i n  t h e  

numerical s imula t ion  of PV system performance a s  t h e r e  is  c u r r e n t l y  l i t t l e  

hourly information a v a i l a b l e  on a c t u a l  r e s i d e n t i a l  loads .  

The d e t a i l e d  d a t a  w i l l  con ta in  hourly t a b u l a t i o n s  of t h e  t o t a l  e l e c t r i c  

energy usage f o r  each day of t h e  month ( i . e . ,  31 days by 24 hours ,  o r  744 

e n t r i e s ) .  Hourly averages f o r  a s tandard weekday and s tandard  weekend o r  h o l i -  

day w i l l  be included. A sample format f o r  t h e  d e t a i l e d  d a t a  i s  given i n  Table 

11. Maximum power l e v e l s ,  vo l t age ,  and cu r ren t  w i l l  a l s o  be r epo r t ed  f o r  each 

hoLr and averaged f o r  r e p r e s e n t a t i v e  weekday and weekend va lues .  F i n a l l y ,  

load du ra t ion  curves  w i l l  be determined f o r  each PlH i n d i v i d u a l l y  and f o r  a l l  , 



TABLE I1 

X E S I D E N T I A L  EXPERIMEKT S T A T I O N ,  DETAILED MONTHLY DATA FORMAT 

llONTHLY REPORT POI3 101ITOBE3 BOU5.ES 
BARCB 198 1 

DAY 1 2  3 
1 s  0.28 0.62 0.94 
2 1  0.0 0-0 0.0 
3T 0.74 2.01 0.72 
UW 1.06 0.90 0.86 
ST 0.97 0.59 1.77 
6P 0.68 0.75 1.58 
7 s  0.86 0.71 1.15 
8 s  0.27 0.0 0.0 

. 9 1  0.27 0.0 0.0 
10T 0.48 0.62 0.62 
11Y 0.89 0-61 0.11 
12T 0.78 0.61 0.71 
13P 0.65 0-61 0.59 
IPS 1.99 0.57 0.60 
15s 0.81 0.84 0.31 
161  '0.9U 0.76 0.53 
17T 0.0 0.0 0.0 
180 1.13 1.18 1.19 
19T 0.82 8.23 1.19 
20P 0.68 0.63 0.59 
21s 2.09 0.72 0.68 
22s 0.96 0.65 0.77 
231  0.85 0.79 0.86 
2UT 0.82 C ~ 9 0  0.96 
25V 0.98 Q.64 0.93 
26T 1.06 1.81 0.86 
27P 0.55 0.70 0.87 
28s 2.30 2.21 2.27 
29s 0.70 0.44 0.55 
301 0.31 0.25 0.27 
31T 1.18 0.24 0.39 

TOTAL ElFClXIC EEERGY USED (RUB) 
ENERGY P3R EACH BOUB EUDIF; AT LOCAL STANDARD TIHE 

4 5 6 7 8 9 10  71 12 
0.60 0.3 0.0 0.0 C.0 0.0 0.0 0 -0  0.0 
0.0 0.0 0.i 0.0 C.0 0.0 0.0 0.0 0.0 
1.05 0.79 1.C1 3.07 5.48 1 -04  1. 17 0.76 0.75 
0.88 1.77 0.e8 2.81 Z.50 3.lU 0.70 80.81 1.66 
0.811 0.73 1.E9 1.59 L.12 5.07 0.45 0.74 1.56 
0.75 0.63 0.19 3.75 J.38 1.34 0.71 0.25 0.0 
1.33 1.Y5 0.0 1.35 C.0 0.0 0 .3  0.0 0-0 
0.0 0.10 0.0 0.0 0.0 0.0 0.1 0.0 0.0 
0.0 0.0 O.C* 0.0 0.0 3.0 1.31 1.33 0.44 
0.53 1.32 0.15 1.59 2.11 0.74 1.46 0.57 0.57 
0.0 0-31 0.62 1.42 4.80 0.72 0.58 0.53 0-00 
0.62 0 ' 5 8  0.63 4.05 2.71 5.57 0.50 0.61 0 .64  
1 - 4 1  0-64 0.60 1.46 3.47 1.31 1.66 1.47 0.0 
0.51 0.52 0.57 1.55 e.62 0.81 2.03 1.86 2 .46  
0.85 1.70 0.77 0.00 0.91 1.46 3.9'5 3.84 1.87 
0.590,61 1-56 1.48 3.97 0.79 1.33 0.59 0.27 
0.0 0.0 0.0 0.0 a.0 0.0 0.3 0.0 0.0 
1.21 2.12 1.19 2.43 4.02 6.07 1.39 0.42 0.0 
1.27 2.13 1.28 2.89 3.68 3.02 1.21 11.09 1.08 
0.66 0.0 0.0 0.0 0.3 0.0 0.57 0.69 0.70 
0.61 0.68 0.61 1.51 0.59 1.23 2.45 U.39 1.13 
1.69 0.56 0.78 0.65 3.94 2.46 1 - 3 9  3.65 1.19 
1 -76  0.86 0.39 2.19 3-95 5.45 0.85 0.61 0.60 
1.90 0.93 0-94 2.34 2.37 5 .302.48  C.8L 0.58 
0.93 0.93 1.32 1.61 5.48 1.00 0.0 C.0 0.68 
0.65 0.86 0.34 2.56 2.70 2.87 0. 39 C.57 R U O  
1.54 0.68 0-60 3.31 3.21 1.61 0.71 C.60 (kU4 
3.18 2.28 2.31 2.32 2.30 4-07 4.90 2.19 L 5 4  
0.42 1.33 0.30 0.61 3.47 1.20 3.67 C.87 5 9 0  
0.410 0.26 0.40 2.14 3.32 1.48 1-56 C.35 L26 
0.23 0.38 0.14 0.0 3.3 0.0 0.0 C.0 L O  

TOTAL 
2.44 

12.20 
43.48 
44.37 
42.61 
27.00 

8.30 
1.71 

29.51 
30.24 
27.08 
41.99 
31.19 
46.15 
47.21 
29.63 
19.48 
45. 76 
54.92 
27.16 
95.15 
'J5.54 
40.60 
42.02 
39.55 
45.21 
37.52 
50.20 
38.62 
24.84 
14.39 

WEEKDAY BOORLY AVERAGE 

0.79 0.84 0.83 0.915 0..92 0.92 2.39 3.61 2.74 1-08 0.71 0.76 0.85 0.90 1.18 l .u3 1.U6 2.2,l ;.69 3.07 2.90 2.11'1.60 1.22 38.20 

VBEKEPD BOORLY A VEBACE 

1.11 0.85 0.97 1.15 l..22 0.91 1.26 0.96 1.87 3 r 0 5  2.80 2.52 2.53 2.50 2.58 1.85 2.711 2.12 i.07 1.41 2.39 2.68 1.32 1.18 94.83 

lOBTHLY ROURLY AVERAGE 

0.90 0.84 3.87 1.02 1.00 0.92 2.06 2.91 2.51 1.57 7.24 1.29 1.27 1.27 1.49 1.53 1.7U 2.21 2.13 2.71 2.78 2-24 1.59 1.21 39.79 



t h e  MHs c o l l e c t i v e l y .  These load  du ra t ion  curves  f o r  t h e  e n t i r e  month w i l l  be  

ca l cu la t ed  us ing  t h e  5-second d a t a  base t o  provide new i n s i g h t s  i n t o  r e s i d e n t i a l  

peak loads .  The synopsis  r e p o r t  w i l l  p resent  t hese  d a t a  i n  t a b u l a r  form f o r  a n  

average day. A sample format f o r  t he  synopsis  r e p o r t  is  given i n  Table 111. 

The summary r e p o r t  w i l l ,  however, p resent  t o t a l  e l e c t r i c a l  usage only .  Table 

I V  shows a  sample format f o r  t h e  summary r epor t .  

Information concerning t h e  PSs w i l l  be addressed t o  PV system des igne r s ,  

e l e c t r i c  u t i l i t i e s  and t h e  i n s t i t u t i o n s  represented  on t h e  RES Consul t ing 

Committees. It is expected that t h i s  information w i l l  provide a  b a s i s  f o r  

understanding t h e  performance imp l i ca t ions  f o r  t h e  v a r i o u s  design d i f f e r e n c e s  

among t h e  PSs. I n  t h i s  s e c t i o n  any problems encountered wi th  t h e  systems w i l l  

a l s o  be descr ibed  and c o r r e c t i v e  a c t i o n s  discussed.  

The d e t a i l e d  d a t a  w i l l  have hourly t a b u l a t i o n s  i n  t h e  s tandard  format ( s e e  

Table 11) .  The d a t a  presented w i l l  be t h e  dc a r r a y  ou tpu t ,  average a r r a y  c e l l  

temperature,  a r r a y  tilt i n s o l a t i o n ,  t he  a c  i n v e r t e r  ou tput  ( r e a l  energy) ,  t o t a l  

harmonic d i s t o r t i o n  of i n v e r t e r  c u r r e n t ,  t he  load  imposed on t h e  system, and 

t h e  exchange of energy wi th  the  u t i l i t y .  For each MH load ,  t h e  t y p i c a l  weekday 

and weekend exchange of energy wi th  the  u t i l i t y  of each PS w i l l  be c a l c u l a t e d  

and presented.  I n  a d d i t i o n  t o  t hese  averaged energy exchanges, t h e  maximum 

i n v e r t e r  a c  power output  which occurs  dur ing  each hour of each day w i l l  be 

repor ted  toge the r  wi th  t h e  t i l t e d  a r r a y  i n s o l a t i o n .  The d a i l y  s t a t u s  f o r  each 

PS f o r  t h e  e n t i r e  month w i l l  a l s o  be repor ted .  The synopsis  r e p o r t  w i l l  p r e sen t  

t h e  same d a t a  i n  t a b u l a r  form f o r  an average day. The summary r e p o r t  w i l l  pre- 

s en t  t he  fol lowing va lues  f o r  a n  average day: a r r a y  dc o u t p u t ,  a r r a y  peak 

power, t o t a l  and peak t i l t  i n s o l a t i o n ,  maximum and minimum panel  tempera tures ,  

i n v e r t e r  a c  output  and peak power, imposed t o t a l  l oad ,  and energy suppl ied  t o  

and by t h e  u t i l i t y  feed.  

I n i t i a l  System Evaluat ion Experiment r e p o r t i n g  w i l l  c l o s e l y  match t h e  

load  r epor t ing  from MHs and system performance r e p o r t i n g  from PSs. Th i s  

r e p o r t i n g  w i l l  be aimed p r imar i ly  a t  e l e c t r i c  u t i l i t y  and i n s t i t u t i o n a l  

observers .  . 



* 
TABLE 111 a. 

RESIDENTIAL' EXPERIMENT STATION, BRIEF ICIONTKLY 'REPORT FORMAT 

~c aaann OUTPUT (KWH)  
EXERGY ?:lR EACH H O U R  EN3II; AT LOCAL STAUDARD T.LIE 

AOUB 1 2 3 5 6 7 3 9. '10 11 12 13  14 15  16 17 1 8 ,  19  20 21 22  23 24 TOTAL 
----------------------------------------------------------------------------------.------------------------------------------------- 
F ' I ~  0 .00  0.CO 0.00 0 .00  0.00 0.04 0.36 1.10 2.03 2.78 3.17 ).SF! 3.42 2.88 2-34  1.72 0.92 0.23 0.01 3.'30 0.00 0.00 0.00 0.00 29.57 
---------------------------------------------------------------------.--------------------------------..---------------------------- 
??2 0 .00O.C~O0 .00  0 . 0 0 0 . 0 0  0 . 0 0 0 ~ 0 0 ~ 3 ~  0 . 1 1 0 . 1 5 0 . 0 4  0.04 0.00 0 .070 .05  0 .320.01  0.00 1.00 3.,bO 0.00 0 .000 .00  0.00 0.56 
--------------------------------------------------------------------------------------.----------------..---------------------------- 
FT3 9.0 0.C. 0.0 0 .0  0.0 0.0 3.0 0.3 0.0 3.0 0.0 0.0 0.0 0.0. 0.0 0.3 0.0 0.0 3.0 3 . )  0.0 0.0 ,0.0 0.0 0.0 
--------------------------------------------.-----------------------------------------.----------------.---------------------------- 
ETU 0.0 0.0 0.0 0.0 0 .000 .06 ' 9 . 37  1.03 1 . 8 0 2 . 3 7 2 . 6 1  2.87 2 . 7 9 2 . 4 3 2 . 0 0  1 -51  0 .7u0 .220 .01  0 . > 0 0 . 0  0.0 0.0 0.0 20.80 -----------------------------------------------------------------------------------------------------.---------------------------- 
FT5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0 . 3 . 0 . 0  0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 

UORTIILY HOORLY AVERAGE 
APRIL 1981 

A C  IUPERTEB - REAL ENERGY OOTPUT (KRR) 
ENERGY P3P EACH HOUR ZNDIN; AT LOCAL STAUDARD TEA3 

HOOB 1 2 3 U 5 5 i 8 9 1 0  1'1 12  1 3  10 15  16 17 18 19  20 21 22 23 2 4 T O T A L  ................................................................................................................................... 
P l l .  0.0 0.D 0.0 0.0 0.0 0.03 0.31 1i.01 1.88 2.59 2.97 3.3u 3.20 2.70 2.18 1.5.3 0.83 0.19 0.00 0.3 0.0 0.0 0.0 0.0 22.80 ----------------------------------------------------------------------------------------------------------------------------------- 
pT2 0.0 0..0 9.0 0.0 0.0 0.0 0.0 0.02 0.00 0.12 0.01 0.00 0.00 0.03 0.02 0.03 0.00 0.00 0.00 3.30 0.00 '0.00 0.00 0.0 0.28 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
PT3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 ----------------------------------------------------------------------------------------------------------------------------------- 
PPcl 0.0 0.0 13.0 0..0 0.0 0.03 0.30 0.92 l.E4 2.17 2.39 2.63 2.55 2.23 1.82 1.37 0.65 0.17 0.00 0.3 0.0 0.0 0.0 0.0 18.89 .................................................................................................................................... 
PIS 0.0 0.B r3.0 D.0 0.0 0.0 0.0 o.,o 0.0 0.0 0.0 0.0 0.0 '0.0 0.0 0.0 0.0 0.0 3.0 0.3 0.0 0.0 0.0 0.0 0.0 



RESIDEhTTIAL EXPERIMENT STATION, BRIEF MONTHLY REPORT FORMAT 

NERES MONTHLY SUMMARY 

Month: June Year: 1981 

METEOROLOGICAL INFORMATION 
Average maximum ambient air temp.(OC) .............................. 
Average minimum ambient air .temp.('C).............................. 
Average ambient air temp.('C) ....................................... 
Average degree days('C dayslday) ................................... 

............................................ Total precipitation(cm) 
Average wind speed(m/s) . . . . . . . . . . . . . . . . . .2 . . . . . . . . . . . . . . . . . . . . . . . . .  

.................... Average total horizontal insolation(kWh/m /day) 

NERES 
26.8 

CARLE 
N/A 

Site Location 

Latitude: 
Longitude: . 

MONITORED HOUSE (MH) INFORMATION W12 - - - MH4 - EM6 MU5 - 
Average total electric energy used(kM/day) ........................ ---- 18.4 26.4 17.04 32.6 22.6 

........... Average electric energy in use during sunhours(kWh/day). ---- 11.8 ' 20.0* 10.74 22.8 14.0 

NERES . ISEE-1 - - 
42.46' 42.53' 
71.30' 71.36O 

PROTOTYPE AND ISEE PHOTOVOLTAIC ARRAY INFORMATION 
Average PV DC energy(kWh/day) ....................................... 
Average PV DC energy/rated power(kWn/day/kWp) ...................... 
Array peak power(kW) ..........:..................................... 
Average array peak power(kW) .......................... 

2"""""" 
Average total tilt insolation: durinz sunhours (kWh/m /day). ...... 
Average total tilt insolation: PV system on(kWh/m2/day). .......... 
Peak insolation (kwlm2). ............................................ 

.................................... Average peak insolation(kW/m2). 
PV array efficiency(%) . ............................................. 
Average maximum panel temp('C) ..................................... 
Average minimum panel temp.(OC) . .................................... 

MITLL -. 
31.2 

TRISC 
20.4 

CARLE 
2- 
4.0* 
6.2 . N/A 
4.47* 
4.45 
1.00 
0.83 
'6.7 
57.2 , 

8.9 

PROTOTYPE AND ISEE POWER CONDITIONING W I T  (PCU) INFORMATION MITLL WEST T'kJ - - TRISC CARLE 
Average PCU AC energy output(kWh/dav) .............................. 28.1 16.6 23.1* 18.4 ---- 26.3 -. - - 

Average PCU AC peak power output(kW) ............................... 5.2 3.6 4.2" 3.3 ---- 5.6 
.......................................... . PCU peak power output(kW) 6.2 3.9 5.3 4.1 ---- 7.0 

PCU efficiency(%) .................................................. 90.1 81.3 81.0* 90.1 ---- 90. l* 

PROTOTYPE AND ISEE AC ENERGY FLOW - - TRISC SOLRX CARLE MITLL WEST - - - . 
Average imposed load(kWh/day) ....................................... 20.2 0.0 16.5 0.0 .---- 18.8 - .  -. - . . - -  . 

Average energy supplied to utility £eed(kWh/day) ................... 21.0 16.6 19.0* 18.4 ---- 17.6 
Average energy supplied by utility feed(kWh1day) .................... 13.'4 0.0 11.0* 0.0 ---- 10.2 

.............................. NUMBER OF DAYS OF DATA COLLECTED..... 25 12 . 16 2 7 0 '19 
+The load data source for the imposed Load-was changed from MH3 to MH4 on 6/12 
* Estimated 
Notes: MITLL had between 5 and 8 of 8 strings online. One string had current leakage problems. 

WEST was down between 615 and 6/22 due to inverter malfunction. 
GE came online 619. 
TRISC was online full month 
SOLRX was not online 
CARLE was online full month. 



The d e t a i l e d  d a t a  w i l l  p resent  hourly t a b u l a t i o n s  of  ISEE d a t a  ( s e e  Table 

I1 f o r  sample format) f o r  t o t a l  e l e c t r i c i t y  usage, domestic hot  water usage,  

es t imated  hea t  pump hea t ing  o r  cool ing ,  es t imated pass ive  s o l a r  ga in ,  es t imated  

energy ga in  from wood s tove  and f i r e p l a c e  hea t ing ,  PV a r r a y  dc o u t p u t ,  average 

c e l l  temperature,  a r r a y  t ilt  i n s o l a t i o n ,  i n v e r t e r  r e a l  energy ou tpu t ,  energy 

exchange wi th  t h e  e l e c t r i c  u t i l i t y ,  and maximum and minimum power l e v e l s  a t  t h e  

u t i l i t y  feed  i n t e r f a c e  dur ing  each hour of each day. (Minimum l e v e l s  can be 

l a r g e  nega t ive  v a l u e s  r ep re sen t ing  power fed  i n t o  the  g r id . )  A-monthly load  

d u r a t i o n  curve w i l l  be ca l cu la t ed .  F i n a l l y ,  t o t a l  i n s o l a t i o n  a t  t h e  a r r a y  t i l t  

ang le  w i l l  be t a b u l a t e d  toge the r  w i t h  t h e  d a i l y  system s t a t u s .  The synopsis  

r e p o r t  w i l l  p resent  t h e  same d a t a  i n  t a b u l a r  form f o r  a n  average weekday (and 

weekend, where a p p r o p r i a t e ) .  The summary r e p o r t ,  however, w i l l  on ly  provide  

average  day va lues  f o r  t h e  same q u a n t i t i e s  a s  presented f o r  t h e  prototypes.  

The d e t a i l e d  d a t a  w i l l  p resent  meteoro logica l  d a t a  (Table 11) comprised 

of  t h e  t i l t e d  a r r a y  i n s o l a t i o n  given wi th  each lSEE and Y S ,  t h e  t o t a l  horizon- 

t a l  i n s o l a t i o n  a t  t h e  RES, t h e  d a i l y  sun-hour maximum, t h e  minimum and average 

tempera tures  a t  t h e  RES, t h e  d a i l y  sun-hour average temperature a t  each ISEE, 

t h e  wet-bulb temperature,  t h e  d a i l y  p r e c i p i t a t i o n ,  t he  sun-hour average,  and 

t h e  maximum wind speed a t  t h e  RES. F i n a l l y ,  t h e  percent  p o s s i b l e  t o t a l  horizon- 

t a l  i n s o l a t i o n  w i l l  be c a l c u l a t e d  and presented  in t h e  hour ly  format f o r  t h e  

WS. The synops is  r e p o r t  w i l l  p resent  t h e s e  d a t a  w i th  hour ly  t a b u l a t i o n s  r e -  

placed by va lues  f o r  a n  average  day. The summary r e p o r t  w i l l  p r e sen t  average 

day v a l u e s  f o r  ambient temperature,  p r e c i p i t a t i o n ,  wind speed and t o t a l  

hor izor i ta l  i n s o l a t i o n .  

4 .  O ANNUAL REPORT ON ..RE S OPERAT IONS 

An annual r e p o r t  w2l l  be i ssued  by 'each  RES, summari'zing t h e  monthly 

average  weekday and weekendlholiday,MH, PS, ISEE and meteoro logica l  d a t a .  It 

w i l l  be  prepared i n  'such a way a s  t o  i nc lude  t h e  d e t a i l e d  monthly r e p o r t s  a s  

appendices .  The r epor t .  w i l l  a l s o  inc lude  r e s u l t s  of r e l i a b i l i t y  and d u r a b i l i t y  

s t u d i e s  performed on . t h e  pro to type  Syseeiiis. 



A c r i t i c a l  f e a t u r e  of t h i s  r e p o r t  w i l l  be- two assessments.  The performance 

of t h e  c o l l e c t i v e  PSs and ISEEs vis-a-vis  t he  p r i c e  goa l s  and mi l e s tones  of t h e  

Naf i o n a l  Photovol ta ics  program w i l l  be reviewed and a summary of i n s t i t u t i o n a l  

responses t o  r e s i d e n t i a l  PV systems w i l l  be presented.  These assessments  w i l l  

be used t o  provide d i r e c t i o n  t o  t he  o v e r a l l  DOE e f f o r t s  t o  develop r e s i d e n t i a l  

PV systems. 

5 .  o PROTOTYPE SYSTEM PERFORMANCE REPORT 
I 

A t  the  conclusion of a one-year test period beginning wi th  system 

acceptance,  a r epo r t  w i l l  be issued on t h e  measured and predic ted  performance 

of each PS. This  r e p o r t  w i l l  be w r i t t e n  f o r  t he  PV community and t h e  i n s t i t u -  

- t i o n s  represented  i n  t he  consu l t i ng  committees, e s p e c i a l l y  t h e  e l e c t r i c  u t i l i -  

t i e s .  It w i l l  summarize the  measured performance of t h e  system, p re sen t  an  

a n a l y t i c  model of t h e  system which w i l l  have been v e r i f i e d  by t h e  measured 

d a t a ,  and w i l l  provide e s t ima te s  of system performance based on  SOLMET Typica l  

Meteorological  Year (TMY) d a t a  f o r  v a r i o u s  c i t i e s  w i th in  t h e  r eg ion  of t he  RES 

and f o r  loads  vary ing  from minimal t o  extreme e l e c t r i c  energy usage. 

This  r e p o r t  w i l l  a l s o  summarize t h e  r e s u l t s  of t h e  r e l i a b i l i t y ,  d u r a b i l i t y ,  

and s a f e t y  s t u d i e s  performed on t h e  system. These s t u d i e s  w i l l  be conducted 

through a sequence of t e s t s  which a r e  catalogued i n  a complementary document 

i n  p repa ra t ion  t i t l e d  "Prototype Res iden t i a l  Photovol ta ic  Systems Evalua t ion  

Plan. " 
I n  a d d i t i o n ,  t h e  r epo r t  w i l l  a s s e s s  t he  p o t e n t i a l  manufacturing c o s t  of 

and i n s t a l l a t i o n  c o s t  f o r  t he  system and, t oge the r  wi th  performance p r e d i c t i o n s ,  

w i l l  a s s e s s  t h e  system's p o t e n t i a l  c o s t  e f f e c t i v e n e s s  f o r  a homeowner. 

6.0 REPORTS, BROCHURES AND TAPE DATA DISTRIBUTION 

A primary o b j e c t i v e  of t h e  r e s i d e n t i a l  p r o j e c t  i s  t o  provide a c c u r a t e  

d a t a  and information t o  i n t e r e s t e d  ind iv idua l s ,  i n s t i t u t i o n s  and companies 

concerning the  performance. of t he  MHs and developmental PV systems. 



The d a i l y .  o p e r a t i o n s  . r e p o r t  is  intended p r imar i ly  f o r  ' i n t e r n a l  use.  Upon 

r e q d e s t ,  however, it w i l l  be a v a i l a b l e  t o  t h e  PS and ISEE subcont rac tors ,  t h e  

members of t h e  Consul t ing Committees, and t h e  o rgan iza t ions  wi th in  t h e  PV 

program. ' 

Monthly o p e r a t i o n s  r e p o r t s  w i l l '  be d i s t r i b u t e d  t o  a l l  s t a f f  personnel  i n  

t h e  RESs, a l l  Consul t ing Committee members, a l l  o rgaq iza t ions  i n  t h e  DOE photo- 
C 

v o l t a i c s  Program, a l l  PS and ISEE subcon t r ac to r s ,  major i n s t i t u t i o n s  which have 

expressed an i n t e r e s t  i n  r e c e i v i n g '  t h e s e  r e p o r t s  and t h e  Department of ~ ~ e r ~ ~  

Technical  Information Center d i s t r i b u t i o n  ca tegory  UC-63. I n  a d d i t i o n ,  cop ie s  

of t h e s e  r e p o r t s  w i l l  be a v a i l a b l e  a t  RESs f o r  pub l i c  i n s p e c t i o n . .  

The Annual Report on RE6 ope ra t ions  w i l l  bc d i o t r i b u t c d  t o  t h e  some 

i n d i v i d u a l s  and ' o r g a n i z a t i o n s  as t h e  monthly r epo r t s .  I n  a d d i t i o n  a brochure 

w i l l  be made a v a i l a b l e  a t  t h e  RESs. 

Pro to type  System performance r e p o r t s  a r e  designed p r imar i ly  f o r ~ t h e  

p h o t o v o l t a i c s  community inc luding  t h e  i n s t i t u t i o n s  represented  on  t h e  Consulting 

Committees, e s p e c i a l l y  e l e c t r i c  u t i l i t i e s ,  and the  PV manufacturers.  These 

documents w i l l  a l s o  s e r v e  a s  f i n a l  r e p o r t s  to.DOE on each PS and, accord ingly ,  

.w i l l  be d i s t r i b u t e d  by DOE'S Technical Information Center ,  through ca tegory  

UC-63. 

. Tapes of t h e  a rch ived  six-minute d a t a  w i l l  be made a v a i l a b l e  on r eques t  

, to o r g a n i z a t i o n s  wi th  a l e g i t i m a t e  i n t e r e s t  i n . a n d  need f o r  t he  d a t a .  Th i s  

- w i l l  be  done a s  a  s e r v i c e  providing t h e  i n t e r e s t e d  o rgan iza t ion  provides  a  

b lank  t a p e  f o r  t h e  purpose. 



APPENDICES 

A 1  MONITORED HOUSE . " 

Measurements 

The q u a n t i t i e s , n o t e d  here  a r e  measured every 5 seconds, averaged over  s i x  

minute per iods  and recorded 24-hours a day: 

1. U t i l i t y  a c  bus RMS vo l t age  

2. U t i l i t y  a c  RMS cu r ren t  

3.  U t i l i t y  a c  power (peak, .average) 

, . ' 4. Temperature of room housing ins t ruments  

A l i s t i n g  of t h e  accuracy of t h e  ins t ruments  readings  w i l l  be a v a i l a b l e  

on f i l e  a t  t h e  RES. To e n s u r e . t h e  v a l i d i t y  o£  t h e  measured va lues ,  t h e  

ins t ruments  w i l l  be c a l i b r a t e d  p e r i o d i c a l l y .  

Data Processing 

The , q u a n t i t i e s  a r e  measured'by t h e  Monitored House Data Acquis i t ion  

Con t ro l l e r  (RDAC) and the  information i s  t r ansmi t t ed  by te lephone  l i n e s  every 

f i v e  seconds t o  a Data Concentrator  Unit (DCU) a t  t h e  W S .  The va lues  a r e  

accumulated and then  fed  every s i x  minutes t o  a Hewlett Packard 9845 computer 

t h a t  re formats  and .averages  t h e  d a t a  over  t h e  six-minute i n t e r v a l  and s t o r e s  

t h e  averaged da t a .  The s to red  .data  is  t r a n s c r i b e d  on a magnetic t a p e  and a l s o  

in .  c o r e  memory of a 'second Hewlett Packard 9845 computer.. Data s to red  on t h e  

magnetic t a p e  is c a r r i e d  from t h e  RES t o  a main frame computer f o r  process ing  

v a r i o u s  r e p o r t s .  The second Hewlett Packard 9845 s t o r e s  t h e  six-minute d a t a  

on a 24-hour revolv ing  b a s i s .  This  computer w i l l .  genera te  t h e  d a i l y  r e p o r t s  

and w i l l  be a v a i l a b l e  d a i l y  t o  review and p r o c e s s . t h e  24-hour d a t a  base f o r  

s p e c i a l  t a s k s  and purposes.  

The magnetic t a p e s  c a r r y  . d a t a  f o r  pe r iods  ranging from p a r t  of a day t o  

s e v e r a l  days. The d a t a  i s  brought onto t h e  main frame system and s p l i t  and 

s p l i c e d  i n t o  segments of 24 hours,  midnight t o  midnight.  The d a i l y  segments o r  

" f i l e s "  t hus  made a r e  t r ansc r ibed  onto a master  t ape .  It is  envisioned t h a t  a 

f u l l  year  of d a t a  f o r  a l l  MHs, PSs and ISEEs can be accommodated on' fou r  t o  

e i g h t  (2400 f e e t ,  6250 bpi )  tapes .  Copies of t h e  master  t a p e s  a r e  kept  f o r  

a r c h i v a l  purpo sea, 



The d a t a  on t h e  master t a p e  used in conjunct ion  wi th  app ropr i a t e  Fo r t r an  

programs w i l l  y i e l d  a l l  t h e  information f o r  d a i l y ,  monthly and annual  r e p o r t s .  

. I n i t i a l l y  t h e  d a i l y  r e p o r t  w i l l  be generated on t h e  main frame computer; a t  a  

la ter  d a t e  t h i s  w i l l  be  done a t  t h e  RES on a second Hewlett Packard 9845 computer. 

F igu re  1 schemat i ca l ly  o u t l i n e s  t h e  infofmaeian gacheritig, data red~ict ian 

and informat ion  d i s semina t ion  process  f o r  t h e  Res iden t i a l  ' ~ x p e r i m e n t  . . s t a t i o n .  
Z) 

PROTOTYPE 3PSTEMS 

Measurement'$ -. .. . 

The q u a n t i t i e s  noted h e r e  a r e  measured - every f i v e  seconds, averaged over  

s i x - m i n u t e  pe r iods  and recorded 24 hours  a day: 

1. Array dc bus v o l t a g e  

2. Array dc bus c u r r e n t  

3 .  Array bus power 

4 .  .System a c  bus ,  vo.ltage (RMS) 

5 .  I n v e r t e r  real power output  ( i f  i n v e r t e r  i nc ludes  a n  i s o l a t i o n  

t ransformer  t h e  measurement i s  made downstream of i t )  

6. I n v e r t e r  c u r r e n t  harmonlc d i s t o r t  ion  

7. Load real power consumption 

8. U t i l i t y  a c  c u r r e n t  (RMS) 

9. U t i l i t y  r e a l  power 

10. Module temperature a t  fou r  a r r a y  l o c a t i o n s  

1.J. I n v e r t e r  room temperature 

12.  A t t i c  space temperature 

13. T o t a l  i n so la t io r t  a t  the  tilt of t h e  BV modules. 

A l i s t i n g  of  t h e  accuracy  of t h e  ins t ruments  reading  w i l l  be a v a i l a b l e  

nn f i l e  a t  t h e  RES. To ensure  t h e  v a l i d i t y  of t h e  measured va lues ,  t h e  

. ins t ruments  . w i l l  be  c a l i b r a t e d  p e r i o d i c a l l y .  
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Data P roces s ing  

Th i s  i s  i d e n t i c a l '  t o  t h e  r o h t i n e  f o r  process ing  d a t a  from t h e  MHs. I n  

f a c t  t h e  d a t a  f o r  a l l  f o u r  c l a s s e s  of instrumented sites i s  simultaneously 

taken  and recorded toge the r .  

. . 
4' 

A3 METEOROLOGICAL STATIONS 

Mea s u r  ernent s 

a, 
The qiiant i t i e s  noeed here a r e  measured every Eivc sccunclc, averaged over  

s ix -minu te  pe r iods  and recorded 24 hours a day: 

1; T o t a l  ho r i zon ta l .  i n s o l a t i o n  

2. T o t a l  d i r e c t  normal i n s o l a t i o n  

3.  Ambient tempera ture  

4. Wind v e l o c i t y  

5. P r e c i p i t a t i o n  

6 .  Ambient dew po in t  temperature.  

A l i s t i n g  of t h e  accuracy  of t h e  ins t ruments , readings  wi.11 be a v a i l a b l e  a s  

on f i l e  a t  t h e  RES. To ensure  t h e  v a l i d i t y  of t h e  measured va lues ,  t h e  

ins t ruments  w i l l  be c a l i b r a t e d  p e r i o d i c a l l y .  

Data Process ing  

Th i s  is  i d e n t i c a l  t o  t h e  r o u t i n e  f u r  process ing  d a t a  from t h e  MHs. 

. . A4 INITIAL SYSTEM. EVALUA'l' ~ U N  EXPERIMENT 

Measurements 

The q u a n t i t i e s  noted h e r e  a r e  a s p e c i a l  l i s t  f o r  t h e  C a r l i s l e  House and 

t h e  l ist  may va ry  wi th  ISEEs dependifig on t h e i r  spec ia l . r ieeds .  They are 

measured every f i v e  seconds, .averaged over six-minute pe r iods  and recorded 24 

llours a day: 

1. T o t a l  i n s o l a t i o n  a t  t h e  t i l t  of t h e  PV a r r a y  
, 

, 2. Ambient temp.erature 

3 .  Array'  bus ' dc v o l t a g e  



4. Array bus dc cu r r en t  

5. I n v e r t e r  a c  vo l t age  (RMS) 

6. I n v e r t e r  r e a l  power output  

7. Load r e a l  power consumed 
. . . . .  8. U t i l i t y  r e a l  power .. . . . .  . . :  . . .  ' .  

. . . , . .  . .:. . , . . . . : . .  . . .  ... . . . .  . :. :._ .,..,, . . .  
9. Module ' temperature a t  four  a % $  l o c a t i o n s  

. . .  10. Indoor temperature a t  two l o c a t i o n s  . '  . . . . 

11.' ~ o m e s t i c  hot water flow r a t e  

12.  Cold water temperature going t o  tank  

13. Hot water temperature l eav ing  t ank  

14.  R e s i s t i v e  e l e c t r i c a l  power suppl ied  t o  hot  water  t ank  

15. Heat pump f reon  p re s su re  a t  compression s i d e  (of  compressor) 

16. Heat pump f reon  p re s su re  a t  s u c t i o n  s i d e  (of compressor) 

17. E l e c t r i c a l  power ( r e a l )  t o  h e a t  pump compressor 

18. E l e c t r i c a l  power ( r e a l )  t o  hea t  pump a i r  blower 

19. Heat pump r e s i s t a n c e  h e a t e r  power 

20. Floor  s l a b  temperature a t  s i x  l o c a t i o n s  (two d i f f e r e n t  depths  

and t h r e e  l o c a t i o n s )  

21. Temperature d i f f e r e n c e  a c r o s s  a south-facing window 

22. To ta l  i n s o l a t i o n  f l u x  through a south-f ac ing  window 

23. Temperature of t h e  f l u e  gas e x i t i n g  t h e  wood s tove  

24. Temperature of t h e  f l u e  gas e x i t i n g  t h e  f i r e p l a c e .  

A l i s t i n g  of  t h e  accuracy of  t h e  instruments, readings  w i l l  be a v a i l a b l e  

on f i l e  a t  the U S .  To ensure the  v a l i d i t y  of t h e  measured va lues ,  t h e  

instruments  w i l l  be c a l i b r a t e d  p e r i o d i c a l l y .  

Data Processing 

This  ,is i d e n t i c a l  t o  t h e  r o u t i n e  f o r  process ing  d a t a  from t h e  FlHs 

A5 DEFINITIONS AND RATIONALE FOR USE OF SOME QUANTITIES PRESENTED I N  VARIOUS 
REPORTS 

1. Clearness  Index: The d a i l y  c l e a r n e s s  index is  de f ined  a s  t h e  

r a t i o  of t h e  measured d a i l y  h o r i z o n t a l  t e r r e s t r i a l  r a d i a t i o n  t d  



t h e  c a l c u l a t e d *  d a i l y  h o r i z o n t a l '  t e r r e s t r i a l  r a d i a t i o n  f o r  " c l e a r  

sk i e s .  " It is' a measure of how cloudy and smoggy t h e  day has  

been. 

2. Sunhour: This  is t h e  period of t ime between s u n r i s e  and sunse t .  

3.  Figure  o f  Merit f o r  W Array: It i s ' d e f i n e d  as  t h e  r a t i o  of  t h e  

measured d a i l y  dc energy product ion t o  a  corresponding va lue  c a l -  

c u l a t e d  wi th  measured i n s o l a t i o n ,  a r r a y  temperatures  and v d l t a g e s  

and is  g iven  by, 

F igure  of  
, . . . 

. . 

Here P, I, T a r e  . t he  measured dc power produced, t o t a l  i n so l a -  
C 

t i o n  i n c i d e n t  on a r r a y  and average a r r a y  c e l l  temperature,  qr is  

t h e  r e f e rence  a r r a y  e f f i c i e n c y  a t  t h e  measured vo l t age  and r e f e r -  

ence a r r a y  c e l l  temperature,T * A is t h e  c e l l  temperature c o e f f i -  
T ' 

c i e n t  and t h e  i n t e g r a l s  a r e  w i th  r e s p e c t  t o .  t i m e  over  t h e  period 
.. .. 

of 24 hours.  The va lue  of  t h e  f i g u r e  of mer i t  should be c l o s e  

t o  u n i t y  and w i l l .  s e rve  as a d i agnos t i c  t o o l  t o  v e r i f y  t h a t  t h e  

a r r a y  is o p e r a t i n g  as t h e  weather cond i t i ons  d i c t a t e .  

4. F igure  of  Merit f o r  Power Condit ioner  Operation: It is  de f ined  

a s  t h e  r a t i o  o f -  t h e  d a i l y  ac . ene rgy  produced by t h e  power condi- 
:, . 

t i o n e r  t o  t h e  corresponding c a l c u l a t e d  va lue  and i s  g iven .by ,  

Figure of i n e r l ~  = 
A 

Here t h e .  i n t e g r a l s  a r e  aga in  wi th  r e spec t  t o  t ime over t h e  

per iod  of 24 hours ,  P is t h e  a c  power produced by t h e  power con- a  
' d i t i o n e r ,  P. is t h e  dc powel: produced by t h e  a r r a y ,  and v i s  t h e  

I '  P 
.power cond i t i one r  e f f i c i e n c y  a v a i l a b l e  a s  a  func t ion  of incoming 

dc energy i n t o  t h e  power cond i t i one r  and i t s  ope ra t ing  vol tage .  

*See f o r  example,' F. K r e i t h  'and 'J.  F. Kre ider ,  P r i n c i p l e s  of S o l a r  Engineering,  
McGraw-Hill Book Company, 1978, pp. 41-45. 



The f i g u r e  of mer i t  should be c l o s e  t o  u n i t y  and s e r v e s  a s  a 

d i agnos t i c  t o o l  t o  v e r i f y  t h a t  t h e  power cond i t i one r  i s  o p e r a t i n g  

a t  cond i t i ons  d i c t a t e d  s o l e l y  b y . t h e  PV a r r a y  output .  




