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FOREWORD 

The President has established a goal that  would require the ins ta l -  

la t ion of a t  leas t .  one million solar water heaters by 1985 and 20 million 
water heating systems by the year 2000. The goals tha t  have been estab- 

lished require that  the solar industry be suff ic ient ly  mature to  provide 
cost-effective,  re l iab le  designs in the immediate future.  The objective 
of t h i s  study was t o  provide the Department of Energy w i t h  quantified 
data tha t  can be used to  assess and redirect ,  i f  necessary, the program 
plans to  assure compliance with the President 's  goals. The resu l t s  from 
th i s  study deal with the product, the industry, the market and the con- 
sumer.. A1 1 issues 'are examined in ' t h e  framework of the conventional 
hot water industry. Conclusions a re  reached regarding the commercial 
s ta tus  of the industry and recommendations are  made for  appropriate 
government actions in support of the industry. 

This work was supported by the San Francisco Office, Office of 
Solar Applications, D O E ,  under the direction of Fred Glaski. 
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EXECUTIVE SUMMARY 
I 

SOLAR HOT WATER - A STATUS REPORT 

Based on the resu l t s  of this solar  hot water assessment study, 
there is  documented proof tha t  "the solar industry is bl'essed w i t h  
over 20 good solqr hot  water systems." A t o t a l  of e igh t  generic 
types a r e  currently being produced, b u t  a majority of the systems 
being sold a re  included i n  only f ive  generic types. The good 
systems are  we1 1 -packaged fo r  qua1 i ty , performance and ins ta l  la t ion 
ease. These leading systems a re  sized and designed to  f i t  the 
requirements of the consumer i n  every respect. .Signif icant  product 
features such as  thermal capacity, thermal recovery ra tes ,  
aesthet ics ,  l ifetime, warranties and documentation are  available 
t o  sa t i s fy  the needs of any consumer. 

The most recent economics a re  extremely encouraging f o r  the 
large scale implementation of solar  energy. "For the f i r s t  time, 
solar  hot. water heaters a re  competi ti've w i t h  conventional gas water 
heaters" when applying the most recent federal and s t a t e  incentives 
and today's increased energy costs. Of course, solar  hot water 
continues to  be cost competitive w i t h  e l ec t r i c i ty  i n  most areas even 
without the federal and s t a t e  incentives. The new, larger tax 
incentives should merely accelerate the introduction of solar  hot 
water. 

The solar hot water heating industry i s  not without i t s  
problems as  t h i s  i s  an infant industry. Products continue . to be 
plagued w i t h  d i f f i c u l t i e s  a t  the delivery end due t o  a lack of 
understanding on the part  of those instal l ing and servicing the 
products. T h i s  delivery end a lso  suffers  from a lack of under- 
standing of the best methods fo r  sel l ing the product. A t  the 
suppl.ier end, there a r e  problems also,  including: some design 
deficiencies , improper materials selection and, occasionally , 
the improper selection of components and subsystems. These, i n  

t o t a l ,  a r e  not serious problems i n  the bet ter  systems and will  
be resolved as this industry matures. 
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A p a r t i c u l a r l y  encouraging observation i s  the composition o f  the 

indus t ry  i t s e l f  which i s  made up o f  both la rge  and small canpanies. 

The l i s t  o f  major so lar  hot water companies includes f ou r  o f  the s i x  

major conventional hot water suppl iers as we l l  as a leading HVAC 

company, a l l  o f  whom are geared t o  producing, d i s t r i b u t i n g ,  i n s t a l  - 
1 ing  , and serv ic ing  the  product being sold. 

The market po ten t i a l  f o r  so lar  hot water systems i s  superb. 

Current ly  almost h a l f  ' o f  the convenfional water heaters i n  the U.S. 

are e l e c t r i c a l l y  fueled. A ma jo r i t y  o f  these new sales are occurr ing 

i n  the regions best matched t o  so la r  hot water, p r i n c i p a l l y  i n  the 

"sunbelt" o f  these United States where the new construct ion market 

i s  subs tan t i a l l y  h,igher than elsewhere i n  the United States. These 

southern regions o f  the United States are advantageous f o r  other 

reasons as wel l :  F i r s t ,  e l e c t r i c  hot water sales' are near ly  three 

times gas water heater sales. Second, the "sunbel t" has a greater 

a v a i l a b i l i t y  o f  sunshine coupled w i t h  genera l ly  higher e l e c t r i c  f ue l  

costs. 

MARKET POTENTIAL 

Data descr ib ing the h i s t o r i c a l  trends f o r  gas and e l e c t r i c  water 

heater sales i s  shown i n  the fo l low ing  curve. 

@VENTlONAL UATER HEI\TER SALES 
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These- 'sales, when disaggregated by single and mu1 ti-fami ly 
markets, .identify a disproportionate rat ib of sales in the multi- 
family vs.:. single family markets as shown in the Figure below. 

Multi-family water heaters tend to  be smaller which i s  dis- 

advdntageous t n  solar water heater economics. 
Regional market data i s  favorable to~sbl'iir water heating as 

the less ,competiti've. electr ic water heaters are sold in larger 
quantities 'in .the most favorable climatic ,regions of the South 

' and West (shown below). 

R E G I W A L  W T E R  HEATER INSTALLATIONS - 1 9 7 8  

b s  Elec. b s  E l e c .  

s 

b s  E l e c  

COMPETITIYE'POSTURE OF'SDHW SYSTEMS 

Design Comparisons: 
The design features of conventional i n d  .solar water heaters were 

found to  be . . similar as shown in the following' table: 
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tolllDarlson Of Product Features For 

Solar And h n n t i o n a l  Residential Water Heaters 

Solar Electr ic 6as 

rledlan Ranoe Median panoel Median bnoe2 

Recovery--6allhr B 
gflo Rise 6- 11 (+Aux.) 17- 25 20- 60 

Input Lte. Btu/hr 45M-720 ( + A u x . )  13-20.000 29-63.000 

Efficiency. 2 N A 78- 83 40- 52 

LI fet i~mebf ic iency 
Lars. S 5- 15 

Life--Years 
(Water Dependent) 10- W 

Warranty. Years 1- 10 5- 10 5- 10 

Tank Liners 6 L A S S  G L A S S  G L A S S  
Stone (Cemnt) 

'Range f o r  conventional e l ec t r i c  heaters that are usually Installed. Models are 
available i n  capacities up to 120 gallons. Btu/hr input and recovey rates w i l l  
v a y  accordingly. 

2Range f o r  conventional gas heaters that  arc usually installed. &&ls are avail- 

able i n  capacities up to 1 M  gallons. Btulhr Input and recovery rates w i l l  vary 
accordingly. 

hx1m)rrn:nstantaneous solar input assuming clear day solar insolation o f  300 R u / f t 2  
hi; 60 ft2 of net a t l lec tor  area. and cffic1enq.y r a n p  nf 25 w 40. 

The so la r  water -beater has add i t i ona l  equipment which impacts 

performance, economics, and r e l i a b i l i t y .  Although storage capacit ies, 

recovery ra tes,  and heat inpu t  ra tes  are  d i f f e r e n t ,  the so la r  opt ion.  

i s  equal o r  be t t e r  than the conventional equipment. L i fe t imes and 

l i f e t i m e  e f f i c i e n c y  performance are comparable. 

Performance: 

The comparative performance o f  so lar  equi p e n t  was establ  i s  hed 

for  a  l a rge  cross-section of the U.S. by comparing four  c i t i e s :  

Washington, D.C., Denver, Phoenix, and Los Angeles. Fuels displaced 

for  the  so la r  opt ion was compared t o  conventional gas and e l e c t r i c  

options. S ign i f i can t  energy savings were i den t i f i ed  f o r  the solar  

option, as much as 80%. 



The performance results for conventional and solar water heaters 
are sumnarized i n  the foll.owing Figure: 

I Yarhlngton Denver Phoenlx Lor hgeles  

CONVENTIONAL HOWATER S Y S T W  

ANNUAL FUEL USAGE: 6M L ELECTRIC 

The five most popular generic types were also compared for the 
same four ci t ies  to assess the relative energy return per u n i t  
collector area. In comparing'individual c i t ies ,  i t  was noted t h a t  
there was very similar performances for a l l  generic types except the 
recirculating design. However, energy return per unit area differed 
substantially between ci t ies ,  primarily due to supply water tapera-  
ture differences, and insulation. 
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WMPARISON OF T H E W  PERFOIMANCE - SOLAR HOT WTER SYSTEMS 

The annual f ue l  requirements f o r  conventional gas and e l e c t r i c  

water 'heaters i n  Phoenix and Denver var ied from 19.1 t o  29.3 MM Btu 

and 11.6 t o  18.4 MN Btu, respect ively.  

Solar water heater ana lys is  demonstrated energy de l i ve r y  

differences for  the  so la r  systems from a low of-130,000 ~ t u / f t '  

year ( for  Phoenix) t o  a h igh o f&  280,000 f3tu/f t2 year ( f o r  Denver). 

It was a lso  noted i n  t h i s  study t h a t  pa ras t t i c  energy losses can 

be s i g n i f i c a n t  f o r t h e  r e c i r c u l a t i n g  concepts and t o  a lesser 

extent  f o r  the drsinback designs. It i s  possib le for  a wel l  

designed SDHW sys& . . ( t ha t  minimizes p a r a s i t i c  energy consumption) 

t o  d isp lace a t  l e a s t  200,000 ~ t u / f t ~  year o f  conventional f ue l s  i n  ' 

h igh solar; h i g h  load regions. . . 
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Economics: 
For the residential  user, the c r i t e r i a  most often used to  

jus t i fy  expenditures i n  new equipment i s  f i r s t  cost and monthly 
cash flow. Although f i r s t  costs  of solar equipment today has been 
an impediment to  mass market penetrations, effect ive use of monthly 
cash flow could be used t o  overcul~~e th i s  obstacle. R u t ,  the 

consumer needs information on monthly cost  of owning a solar  water 
heater compared t o  the cost of purchasing gas or e l ec t r i c i ty  for  
water heating. 

The economic parameters used in the analysis are summarized 
in the followirlg table:  

LIST OF ECONOMIC FACTORS 
USED IN ANALYSIS 

Factor 
General Inf lat ion Rate 
Maintenance Cost 
Down payment 
Fuel Escalation Rate: 

Gas 
Elec t r ic i ty  

*Tax Credit: 
Current Tax Credit (Federal & Sta te)  

Proposed Tax Credit (Federal & Sta te)  ( ~ 0 1 0 . )  

Market Discount Rate 
In teres t  Rate: 

Home Mortgage 
Low Interest  Option (e,.g. Solar Bank) 

. . 

Home Improvement Loan 

Val ue 
0.075 

5% annually 

20% 

12% annually 
10% annually 

*Deferred Tax Credit -- tax c red i t  recovered a t  the  
end of the f i r s t  year 

*Instant Tax Credit -- tax c red i t  received a t  the 

a same time when solar  system 
is  ins t a l l ed  



The analysis was conducted for four c i t i e s  (Phoenix, Los Angeles, 
Denver, and Washinqton). Fuel rates and costs were collected from a 

survey o f  local u t i l i t i e s  and are summarized as  follows: 

Denver 
Washington 
Phoenix 
Los Angeles 

Electr ici ty  
($/MM B t u )  

Gas 
($/F1?1 B t u )  

Information was also collected t o  determine the amount of the var- 
ious fuel types tha t  are of fse t  by solar  when i t  displaces e l ec t r i c i ty .  
The fo.llowing table i s  a summary of fuel types used i n  e l ec t r i c  genera- 
tion for  the four c i t i e s  considered i n  the analysis: 

FUEL BASIS FOR GENERATION OF ELEC- 
TRICITY IN FOUR CITIES 

% Generation by Fuel Type 
Fuel Type . . Phoenlx L.A. ~ e c e r  D C 

O i  1 10.0 0.1 14.7 

Gas/Oi 1 48.4 37.7 '11:3 

Gas 1.1 4.1 0.7 

Coal 41.3 43.0 13.3 53.4 

Coal / O i  1 31.2 

Coal /Gas 44.7 

Hydroelectric 0.2 18.3 13.9 

Nuclear 12.6 
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t The cap i t a l  cost of so l a r  water heaters was determined from the 

product datasurvey. T h e E f i r s t  cost  ( i n s t a l l e d )  o f  s o l a r w a t e r  heaters 

var ied between 81700 and $3100 w i t h  a median i n s t a l l e d  cost  o f  

$2500 as shown i n  the ' fo l l ow ing  Figure: 

. . 

SOLAR HOT HATER SYSTM INSTALLED COST 

RANGE OF INSTALLED COST ( $ 1  
WOTE: Yrlidated wfth Sacramento and State o f  Arizona Studies - $2300 f o r  Open Loop Systems - $2550 for  Indirect  Systems 

These.costs are approximately ten times higher than the cost  o f  
conventional gas and e l e c t r i c  heaters (-9249). 

As was mentioned e a r l i e r ,  the bottom l i n e  (from the consumer's 

viewpoint) i s  monthly cost  compared' to.  e l e c t r i c i t y  o r  gas water 

heating. The fo l low ing  t a b l e  summarizes the resu l t s  f o r  the 

monthly cost  o f  owning a so la r  water heater i n  fou r  c i t i e s  com- 

pared w i t h  gas' and e l e c t r i c  water heating. A 0% discount r a t e  

was used and thus these are actual  do l l a r s  averaged over the 20 year 

. .  . system 1 i f e .  , Costs o f  the so la r  system ( inc lud ing t he  cost  of 

*:. backup f u e l )  were compared f o r  d i f f e r e n t  f i nanci a1 scen i r ios  using 
-- - 

-both an i ns tan t  and deferred tax  c r e d i t  o f  4 w .  ~ n s t a n t  tax  c r e d i t  

s t ra teg ies  assume the s e l l e r  w i l l  provide a tax c r e d i t  loan which 

can be appl ied t o  the  downpayment. 
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AVERAGE ~ H L Y  con  ($1 

Tax Credi t  Rote: 405 
3 

Sdlsr (Di rect  0ra indom) . ,  Conventional 

Deferred.Trx 'Credit Ins tbn t  Tax C y i t  

Phwni x 31 I S  26 25 33 16 15 20 

Ysshlngton 43 25 34 .% 43 25 25 29 

Denver 63 20 30 30 38 19 21 23 

Los Angeles 55 22 30 31 39 20 20 26 

. From t h i s  analysis, i t  was:.noted t h a t  t h e  SHW s y s t m  com~etes w i t h  

e l e c t r i c i t y  i n  a l l  1.ocations.and w i l l  even compete w i t h  gas when an 
" ins tan t  tax  c r e d i t  i s  -available.. 

A present value l i f e  cycle cost  analysis was a lso  performed f o r  

the conventional and so la r  systems. Results are  shown i n  the fo l lowing 

t ab le  fo r  a l l  f i v e  major generic types, 

Present Value o f  Life-Cycle Cost (I)  

Ctty:  Denver 

' irx c r t d r t  m e :  40: 

Sys tm Deferred Tax Credi t  

b n v .  E l e c t r i c  

b n v .  6 r s  

Drain-Dam 

Recirculat ion 

Evacuated Tube 

Drain-back 

I n d i r e c t  

Instant  Tax Cred i t  
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SOLAR HOT WATER SY STEP' QUALITY 

I n  assessing the  o v e r a l l  qua1 i t y  o f  sol 'ar h o t  water  products 

(as w i t h  any consumer product), one must be ca re fu l  t o  recognize t h a t  

problems are going t o  occur and a d i s t i n c t i o n  must be made between 

t h e  r o u t i n e  problems and t'tiose which cre3t.e ca tas t roph ic  f a i l u r e  o r  

consumer disenchantment w i t h  a technology as a whole. The consumer 

i s  n o t  i n t e r e s t e d  i n  any product  which creates repeated se rv i ce  c a l l s  

o r  does n o t  s a t i s f y  the  fundamental ob jec t i ves  o f  h i s  purchase, which, 

i n  t h i s  instance,  i s  u t i l i t y  .savings. 

N i t h  t h i s  phi losophy i n  mind, ' the c r i t i c a l  problem areas were 

i d e n t i f i e d  as: system i n s t a l l a t i o n ,  ma te r ia l s  fa i l u res ,  c o n t r o l  

ma1 func t ions  and design de f i c ienc ies .  

I n  the  e a r l y  -days o f  t h i s  i n f a n t  i ndus t ry ,  back i n  1974 and 1975, 

system f a i l u r e s  where endemic and almost too  numerous t o  mention. As 

evidence the  h i s t o r y  o f  t he  HUD demonstration proqram i s  used. 

FIGURE .3.16 

Total Problems 

Collector 

Storage 

E n v y  tnnspor t  Subsystm 

Controls 

HW wmnlur1on CYCLE .Letter  Report to HUD. l@S. 
Wly 10. 1979. 

IDfE: A l l  )rob!- t u l u d r  m n t t w t t m  a d  ap.rrt tm with u n y  o f  the 
aporrttag p m b l a  occvrtng &rlw start-ug. 
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The percentage of fa i l u res  was extremely serious i n  Cycle 1, but  - 
the  problems diminished very r a p i d l y  as Cycle 4 was approached. The 
so lu t ions are  a t t r i b u t e d  t o  a maturat ion of the indust ry  as the 

indus t ry  began t o  understand the product and how t o  deal w i t h  the 

product i n  the operat ional  environment. 

The sources of problems today can be drawn from a recent survey 

of the supply and de l i ve r y  elements of the indus t ry  who were i n t e r -  

viewed t o  i d e n t i f y  t h e i r  understanding of today's problems. 

~ o l  l e k t o r  and con t ro l  problems dominated the ' a t t en t i on  o f  both 

groups. It was noteworthy t h a t  35 o f  the 142 organizations i n t e r -  

viewed ind icated t h a t  no problems cu r ren t l y  e x i s t  i n  the industry.  

SYSTEM/COMPONENT PROBLEMS -- SURVEY RESULTS * 
Problems Reported 

o Co l lec to rs  
o Controls 
o I nsu la t i on  
o I n s t a l l a t i o n  
o .Blowers 
o . Storage 
o Energy Transport  Subsystems 
No Problems 
Don' t Know 

83 Manufacturers 

2 7 
14 
4 
1 
3 

17 
7 

2 5 

* F ina l  Report t o  So la r  Energy Industry:  DHR, August 1979 

Despite these encouraging trends, there i s  a concern f o r  the 

longer range re1  i a b i l  i ty o f  the designs as sca l ing and corrosion 

occur and g lyco l  mixtures degrade. Perhaps the  indus t ry  has not  

paid adequate a t t e n t i o n  t o  the designs t o  insure t h a t  operational 

systems w i l l  no t  scale, corrode, o r  f reeze w i t h  t ime and use. 

Draindown and drainback designs might be modi f ied t o  reduce f resh 

water and a i r  from the  system. Glycol mixture 'moni tors could be 

developed and added and other d iagnost ic  instruments could be 

included t o  a s s i s t  the  user i n  watching over the operat ion o f  the 

system t o  a l e r t  him as the system d r i f t s  toward a catastrophic 

f a i l u r e  condi t ion.  
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SOLAR INDUSTRY , -- 
New ventures are  o f t e n  times charac ter ized by a  few ver.y importarsl 

c h a r a c t e r i s t i c s :  f i n a n c i a l  s tay ing  power, adequate d i s t r i b u t i o n  o f  a  

product, i d e n t i f i c a t i o n  w i t h  brand name, and p r o p r i e t a r y  concepts. The 

twelve l ead ing  s o l a r  ho t  water i n d u s t r y  s u p ~ l i e r s  were examined and i t  

was noted t h a t  many o f  these leaders have two o r  more o f  those primar-y 

requf rements . 
A l l  o f  these leaders have s t rong f i n a n c i a l  backing; many o f  them 

w i t h  f i nanc ia l  resources exceeding those found i n  the  conventional 

water hea t ing  i n d u s t r y  today. 

The d i s t r i b u t i o n ,  i n s t a l l a t i o n ,  and se rv i ce  organ iza t ion  developed 

by the  leaders i s  amongst the  best  i n  the  indust ry .  I n  t h e  f o l l o w i n g  Chart, 

i t  i s  noteworthy t h a t  the  l a r g e r  manufacturers a1 1 have d i s t r i b u t o r  

organizat ions and on an average have over 100 f o r  each company. F ive 

o u t  o f  the  12 leaders have a s t rong brand name imaqe, i n c l u d i n g  f o u r  

o f  t he  lead ina conventional ho t  water  system supp l i e rs  and one HVAC f i r m .  

Most o f  t he  remaining seven companies have respected names w i t h  which a  

consumer can i d e n t i f y .  

A l l  o f  these 1'2 companies have c a r e f u l l y  documented t h e  product i n  

t h e  form of sales brochures, i n s t a l l e r  manuals, serv ice  manuals, and 

owner manuals. They a l s o  have developed d i s t r i b u t o r  t r a i n i n g  programs 

w i t h  t h e  I n t e n t  of i n s u r i n g  t h a t  the  product i s  p roper l y  i n s t a l l e d .  

Unfortunately, a t  t he  d i s t r i b u t o r  end the  f i n a n c i  a1 resources and mot i  va- 
t i o n s  are  n o t  s u f f i c i e n t  t o  insure  t h a t  a l l  i n s t a l l e r s  p a r t i c i p a t e  i n  the  

t r a i n i n g  programs and t h e r e i n  l i e s ,  as we have s ta ted  e a r l i e r ,  some o f  

the  problems. N i t h  a  l i t t l e  push and w i t h  t ime t h i s  problem should be 

a1 1  e v i  ated. 



x i v .  

CONCLUSIONS 

The r e s u l t s  of t h i s  r e p o r t  are many; dea l ing  w i t h  the  product,  

indust ry ,  t he  market,and t h e  consumer. The conclusions of chapter 6 

i n  t h i s  r e p o r t  can be summarized as fol lows: 

o Product A v a i l a b i l i t y  - An adequate supply of packaged s o l a r  ho t  

water systems are c u r r e n t l y  ava i l ab le .  These systems look and 
a c t  l i k e  the  conventional compet i t ion.  The best  products are a v a i l -  
ab le  i n  most major me t ropo l i t an  areas. The product supp l i e rs  
recognize the  importance o f  matching t h e  design t o  the  market- 

p lace and the re fo re  are c u r r e n t l y  supplying s i x  d i f f e r e n t  

gener ic  con f igu ra t i ons .  

o Product Q u a l i t y  - Solar  h o t  water  systems are matur ing very 
r a p i  d ly ,  and a r e  performi rrg we.11, w i t h  remarkably few prob l  elms. 

The lead ing problems t h a t  do e x i s t  are r e l a t e d  t o  i n s t a l l a t i o n ,  

improper ma te r ia l s  se lec t i on ,  and design inadequacies. The 

products are pro tec ted w i t h  adequate warrant ies.  

On t h e  negat ive  side, i t  i s  important  t o  note t h a t  some o f  

t h e  designs a r e  very  suscept ib le  t o  sca l ing ,  corros ion,  and 

u l t i m a t e  f reezing and f a i l u r e ,  most ly  associated w i t h  the  

design conf igurat ion.  The consumer and the  indus t ry  would be 

best  served i f :  1) t h e  product  were more c a r e f u l l y  evaluated 

before  en te r ing  t h e  marketplace and, again, s h o r t l y  a f t e r  

en te r ing  t h e  marketplace; 2) t h e  consumer were provided simple 

d iagnos t i c  t o o l s  by which he can main ta in  a watchfu l  eye on 

sys terns i n  operat ion.  

o System Performance - Most of the  designs should perform q u i t e  

adequately when matched t o  the  c l i m a t i c  environment. The home- 

owner can expect t o  prov ide  60 t o  80% o f  the  s o l a r  h o t  water 

w i t h  these systems. Some of t h e  systems being so ld  w i l l  no t  

per form t o  t h e  l e v e l s  claimed as they have been erroneously 

represented, usual l y  due t o  an over o p t i m i s t i c  c o l l  ec tor  

performance p red ic t i on .  



o  Economics - So lar  h o t  water economics have improved s u b s t a n t i a l -  

l y  as the  u t i l i t y  costs have cont inued t o  esca la te  and s t a t e  and 

federa l  governments have int roduced new, more e x c i t i n g ,  i n c e n t i v e  

programs. So lar  h o t  water  systems compete very favorab ly  aga ins t  

most e l e c t r i c  . . u t i l i t y  r a t e s  and a re  now beginning t o  compete 

very  favorab ly  w i t h  gas water heaters. 

o  Indus t ry  Involvement - The s o l a r  h o t  water i n d u s t r y  i s  blessed 

w i t h  a  s u f f i c i e n t  number of - l a r g e  and small business enter -  

p r i ses ,  grodr!ci'ng w e l l  designed and documented products. It was 

extremely encouraging t o  note t h a t  f i v e  of t h e  twelve top  leaders 

were a l ready invo lved i n  the  h o t  i a t e r  and HVAC i n d u s t r i e s  and 
had the  necessary d i s t r i b u t i o n  o u t l e t s  f o r  a  successful  commer- 

c i a l  venture. Many o f  t h e  lead ing organ iza t ions  producing 
products have t h e  s t rong f i n a n c i a l  backing, manpower resources, 

manufacturing resources, and t h e  t o t a l  o rgan iza t iona l  

c a p a b i l i t y  t o  produce, d e l i v e r ,  and main ta in  the  product  

i n  t h e  f i e l d .  

o  So lar  Hot Water Sales P o t e n t i a l  - The s o l a r  ho t  water system i s  

superbly matched t o  the  best  market environments. It competes 
most favorab ly  i n  the  s i n g l e  f a m i l y  residence as a  replacement 

f o r  the  e l e c t r i c a l  water heater  i n  the  h igh  r a d i a t i o n  envi ron-  

ments o f  t h e  southern and western s ta tes .  The on ly  negat ive  

aspect i n  the  sales pro. ject ions i s  the  .h igh r a t i o  o f  m u l t i -  

f a m i l y  u n i t s  to s i n g l e  f a m i l y  u n i t s  which r e q u i r e  smal le r  water 
heaters and a r e  therefore l e s s  economical. 



xvi . 
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RECOMMENDATIONS 
There are several actions which 'the government could support 

t o  accelerate the commercialization of this ho t  water technology and 

provide a better product t o  the consumer. These actions are as follows: 

o Create a materials. information center which could be made avail- 
able t o  manufacturers.. The information center could also conduct 
special tests for the smaller manufacturers. 

o Promote qua1 i ty systems through government sponsored systems 
test  programs as a part of existing and impendinq federally 
sponsored programs, such as; RCS, Federal Buildings Proaram, 
Mi 1 i tary Purchase Programs, and other federal purchases. 

o Support improved and simp1 if ied d a t a  col lection..of instal led 
systems t o  identify systems performance and reliability. This 
information could be useful in rating SHW systems. 

.. o Provide industry with support for installer training programs 
t o  be operated and t a u g h t  by manufacturers. 

o Provide continued government support for existing t a x  credit - 

programs a t  their current levels to insure the rapid introducti~n 
o f  SH!j into the residential sector. 
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1 .1 INTRODUCTION 
On June 20, 1979, President Carter i n  a National Address* 

established as a national goal the  displacement of 20% of t h i s  
na t ion ' s  f o s s i l  energy through the  use of renewable energy 
resources by the year 2000. In the  Pres ident ' s  address and a 
1 a t e r  Department of Energy Study , a goal was establ  ished c a l l  inq 

fo r  a t  l e a s t  one mil 1 ion so l a r  water heaters by 1985 and 20 
mill ion water heating systems by 2000. I f  these national goals 
a re  t o  be s a t i s f i e d ,  government program and poli.cy changes may 
be necessary. The ,Department of Energy (DOE) must give immediate 
a t t en t ion  t o  the  assessment and possible redirect ion of current  
programs and s t r a t eg i e s .  Wi th  so l a r  water and space heating com- 
pr is ing the majority o f  the 1985 goal ,  i t  is  imperative t ha t  a 
plan t o  accomplish the overall  objectives be implemented immediately. 

1.2 PROGRAM OBJECTIVE 
The objective of t h i s  task was t o  provide the Department of 

Energy w i t h  quantif ied data which can be used t o  assess  and re-  
d i r ec t ,  i f  necessary, government program plans t o  assure compl i ance 
w i t h  the  Pres ident ' s  goals.  Data compiled as  a r e s u l t  of this task 
was t o  be used t o  es tab l i sh  the technology readiness and the  indus- 

t r y ' s  c apab i l i t i e s  t o  implement the technology i n to  the anticipated 
marketplaces. Emphasis was placed on the iden t i f i ca t ion  of the  
products which current ly  e x i s t  i n  the  marketplace; the  performance, 
re1 iabi l i  t y ,  economics, and the  problems which a r e  current ly  being 
encountered i n  the industry.  This data was used i n  a commercial 

assessment based on avai lable  so l a r  products and t h e i r  del ivery 

system. Competing conventional water heater  products were analyzed 

and an assessment was made of the  maturity of the  so la r  water heater 
industry. 

*Remarks of the  President upon Announcement on 
Solar Policy and Dedication of White House 
Solar  System, The West Terrace, June 20, 1979. 



1.3 PROGRAM ISSUES 

I n  conducting t h i s  comnercial i z a t i o n  assessment, i t  was 

necessary t o  determine the cur rent  status o f  the so la r  water 

heating indus t ry  w i t h i n  the framework o f  the competing conven- 

t i o n a l  indust ry .  Through a comparison o f  the two industr ies,  

an assessment was made o f  possib le ba r r i e r s  t o  la rge  scale 

comnercial i za t i on .  I n  conducting these comparisons, several keys 

questions had t o  be answered: 

o Does a s u f f i c i e n t  quan t i t y  o f  so la r  products 

e x i s t . w i t h  proven performance/economics t o  

compete w i t h  the conventional options? 

o Does the so la r  . industry have the necessary matu r i t y  

and resources t o  produce, d i s t r i bu te ,  and serv ice 

the products i n  commercial quan t i t i es?  

.o What are the requirements o f  the consumers i n  a 

major market scenario? 

o What i s  the character o f  the marketplace as the 

technology reaches t h a t  marketplace? 

By answering these questions, i t  w i l l  be possib le t n  d ~ v ~ l o p  an 

ef fect ive comnercia l izat ion strategy and a proper r o l e  f o r  the govern- 

ment can then be recommended f o r  t h a t  st rategy.  

I .4 PROGRAM ACTIVITIES 

, The major a c t i v i t i e s  i n  t h i s  study have included: 

o Data compi lat ion o f  so la r  and conventional hot water 

products and the organizat ions producing these products 

o Character izat ion o f  t yp i ca l  products, organizations, 

and markets 

o Determination o f  performance and economics 

o Determination o f  so lar  hot  water product qua1 i t y  

o Descr ip t ion o f  producer organizat ions 



o Characterization of consumer product requirements 

o Comparison of solar  products in compliance with 
consumer needs 

o Identification of the current s ta tus  of t.he solar 
hot water heating industry within the guidelines 
established by the conventional water heating 
industry 

An overview of the study methodology i s  shown in Figure 1.1 
'(following 'page). The study was divided into four areas: (1) data 
collection, (2)  data aggregation and selection, (3)  data analysis,  
and (4)  data interpretation. 

1.4.1 Study Methodologies 
Resolution of the program issues relating to  the product, pro- 

ducer, and consumer required an organized management of the information 
i n  order t o  aggregate, analyze and conclude appropriate responses t o  the 
basic i ssues. 

The f i r s t  task i n  the study was to  aggregate the solar  hot water 
systems into generic c lass i f ica t ions  so tha t  representative systems 
could be selected f o r  performance/economic evaluations. In Figure 

1.2, a flow of events i s  presented which was used i n  t h i s  selection 
process. After receipt of the respondents l i t e ra tu re ,  the l i t e ra tu re  
was sorted into acceptable and not acceptable classif icat ions.  An 

acceptable classif icat ion was based on the ava i lab i l i ty  of good docu- % 

mentation pertaining to  the design, packaging, s iz ing,  ins ta l la t ion ,  
and servicing of the product. An acceptable hot water system also 
demonstrated reasonable product integration into minimal subsystem 
packages. These acceptable hot water systems were then classif ied 
by generic type using the c lass i f ica t ion  system original ly  proposed 
by the National Bureau of Standards i n  t he i r  studies.  Acceptable 

systems i n  each generic c lass i f ica t ion  were then reviewed fo r  
qual i ty  and level of detai l  in the description of a l l  the necessary 
performance parameters needed for  the performance economic analyses. 

Performance and economic analyses were conducted using the 
representative generic systems. I-t was determined tha t  four 
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s t r a t e g i c a l l y  located c i t i e s  throughout the United States, having 

a range of economic and c l ima t i c  condit ions, could be used t o  

assess the economic po ten t ia l  o f  so la r  hot  water systems. Climates 

had t o  range f rom average c l imat i c  condi t ions and so lar  r ad ia t i on  

l eve l s  encountered on the East Coast t o  the near ly  idea l  condi t ions 

found i n  the southwest United States. Supply water temperatures 

were also a considerat ion and large thermal swings were considered 

a necessi ty although warmer supply water temperatures were a lso 

desired i n  the analysis.  Local economic condi t ions were a lso con- 

sidered i n  the se lec t ion process, inc lud ing so lar  incentives, f ue l  

costs, and l oca l  taxes. A f i n a l  se lec t ion c r i t e r i a  f o r  the t e s t  

c i t i ' e s  was the requirement t h a t  s u f f i c i e n t  quan t i t i es  o f  e l e c t r i c  

and gas heating hot water systems must be i n  use. 

FIGURE 1.2 
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The next step i n  the performance analysis procedure as 

shown i n  Figure 1.3 involved the ana ly t i ca l  descr ip t ion o f  the 

conventional and so la r  systems used i n  the analysis.  Design de- 

t a i l s  had t o  be provided as required by the 'TRNSYS s imulat ion 

model. Data requirements included component character izat ion 

and con t ro l  algorithms. 

F IGURE 1.3 
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The 'TRNSYS'  model was then used t o  conduct the thermal and 

economic analyses f o r  both the conventional and the so la r  hot water 

systems i n  the selected f ou r  c i t i e s .  A f t e r  completing the i n i t i a l  

analysis.runs,  i t  was necessary t o  reconf igure c e r t a i n  systems t o  

assure an optimum bal ance between the competing generic systems. 



I n  order t o  provide a capab i l i t y  f o r  ex t rapo la t ing ce r t a i n  

data i n t o  the dynamic operating condi t ions across' a broad spec- 

trum of the United States, a s e n s i t i v i t y  analysis was conducted. 

Parameters which were var ied i n  the s e n s i t i v i t y  analysis included 

f inancing options, i n t e r e s t  rates,  tax  c r e d i t  incent ives,   collector^ 

areas and a1 ternate  fuel options. wh i le  t h i s  s e n s i t i v i t y  analysis 

may not  necessar i ly  provide a t o t a l  capab i l i t y  f o r  ex t rapo la t ing 

the r e s u l t s  o f  the study, i t  c e r t a i n l y  permits an assessment o f  the 

po ten t ia l  of so la r  hot  water heating systems i n  much o f  the water 

heating marketplace. - 
S t i l l  another key issue i n  t h i s  study was the considerat ion o f  

product c a p a b i l i t i e s  t o  s a t i s f y  consumer requirements. This deter-  

mination was made on the basis o f  product qua l i t y ,  dependabil i ty, 

and cost. As a f i r s t  step i n  t h i s  process, systems were reviewed 

f o r  packaging and documentation o f  the t o t a l  system. It was assumed 

t h a t  any good product must have complete documentation f o r  the i n -  

s t a l  l e r ,  serv ice representat ives, and the home owner. Without these, 

the product would be less  than acceptable t o  the major market sectors. 

A second requirement f o r  the product was the prov is ion t h a t  the system 

must perform the normal funct ions o f  any hot water heating system, such 

t h a t  the consumer's basic needs are sa t i s f i ed .  A t h i r d  requirement 

was the usual consumer's concerns f o r  dependabi 1 i t y  and maintainabi 1 i t y .  

A f i n a l  requirement f o r  the product involves i t s  a b i l i t y  t o  be i n -  

s t a l l e d  w i t h i n  the ex i s t i ng  res i den t i a l  environment and a t  a resonable 

cost  t o  the consumer. 

Turning next t o  the requirements o f  the suppl ier  f o r  the equip- 

ment as shown i n  Figure 1.4, i t  was recognized t h a t  any good suppl ier  

o f  equipment o f  t h i s  complexity would need t o  provide t ra ined  i n -  

s t a l l a t i o n  and maintenance personnel w i t h  documentation and t r a i n i n g  

expert ise t o  insure a proper ly  maintained serv ice organization. This 

suppl ier  must be w i l l i n g  t o  support h i s  product w i t h  the necessary 

warranties usua l l y  found i n ' t h e  conventional industry.  F i na l l y ,  the 

suppl ier  must provide the product and services a t  competi t ive pr ices 
on a cash f low basis when considering cap i t a l  costs and operation/ 

@ maintenance costs. 
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CHAPTER 2 

CONVENTIONAL WATER HEATER INDUSTRY 

2.1 INTRODUCTION 

Data i s  provided f o r  the conventional water heater indus t ry  t o  

provide a basis f o r  comparison o f  thc  so la r  energy indus t ry  and i t s  

products i n  order t o  i d e n t i f y  charac te r i s t i cs  which the so lar  indus- 

t r y  should have t o  compete w i t h  the. conventional industry.  I n  

Chapter 5 ,  t h i s  data w i l l  be u t i l i z e d  f o r  comparisons i n  a va r i e t y  

o f  categories, inc lud ing:  product compa t i b i l i t y  w i t h  con- 

sumer requirements, pe.rformance, economics, r e l i a b i l i t y ,  i ndus t ry  ' 

s t ructure,  and the matu r i t y  o f  the so lar  product del iv'ery systems. 

2.2 DATA SOURCES 

A l l  of the informat ion provided i n  t h i s  sect ion was obtained 

from the Planco Corporation, who developed t h i s  informat ion under 

separate DOE' cont ract  and provided t h i s  informat ion t o  S A I  f o r  i n -  

c lus ion i n  t h i s  repor t .  S A I  i s  g ra te fu l  t o  D r .  Robert Coates of the 

*Planco Corporation - f o r  making t h i s  informat ion ava i lab le  and pro- 

v i d i ng  the qua1 i ty .  information included herein. 

S i x  -. - major sources o f  information 'were 'used by the Planco 

Corporation i n  the c o l l e c t i o n  o f  t h i s  data, inc luding:  

o Gas Appliance Manufacturers Associat ion 

o E l e c t r i c  Power ~esea rch  1ns t i  t u t e  

o United States Census Bureau 

o U t i l i t y  Surveys 

o Indust ry  Surveys 

0 Current I n d u s t r i a l  Reports 

2.3 CONVENTIONAL HOT WATER HEATER SALES 

conventional hot  water sales informat ion i s  provided f o r  

annual shipments by f ue l  type, new/replacement markets, fue l  

types, regional  sales, and resident ia l /mul  t i  - fami ly  sales. I n -  

formation i s  a lso included on the s ize d i s t r i b u t i o n  f o r  r es i den t i a l  

hot  water heaters. Addi t ional  sales data i s  provided f o r  the fou r  

c i t i e s  analyzed i n  t h i s  r epo r t  by f ue l  type. 



2.3.1 Shipments 
Shipments of water heaters are shown in Figure 2.1 from 1965 

t o  1978. This information was obtained from the Current Industrial 
Reports and i s  subdivided into gas and electric sales. Oil water 

heaters were.not included in this graph because their sales are less 
t h a n  50,000 units per year, as compared t o  the three mi 11 ion plus 
units for gas and electric. 

FIGURE 2.1 

~ V E N ' T I O ) ( A L  WATER HEATER SALES 

2.3.2 NewIReplacement Sales Differential 
The replacement market sales a s  shown in Figure 2.2 are 

more t h a n  two times the new construction sales. This information 
is. secondary data derived by combining census d a t a  on construction 
with the shipments provided by the Current Industrial Reports. 
small errors . might . - be . . expected - . . . i n  this data, b u t ,  i n  general , 
the overal'l trends described in Figure 2.2 are indicative of 
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relative sales volume. This new/replacement differential suggests 

I a significant potential for retrofitting solar water heaters. 

FIGURE 2.2 

M T E R  HEATER SALES - EN0 USE DISTRIBUTION 
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2.3.3 Water Heater Size Ranges 
Water heater' capacities are described in Figure 2.3 for 1978 

and identifies a concentration of gas water heaters i n  the 30 t o  
47 gallon size range w i t h  most of the sales occurring i n  the 40 

gallon size. On the other hand, electric water heaters enjoy 
much broader size distribution w i t h  a significant number of water 
heater sales occurring below the 34 gallon capacity. Many of the 
smaller electric water heaters are used i n  the multi-family 
construction market where a typical water heater will be much 
smaller than that used in a single family residence. Larger 
electric water heaters are used i n  areas where off-peak electric 
water heating i s  used or where the homeowner requires a larger 



thermal capacity to compensate the slower recovery rates of 
e lect r ic  water heater products. 

FIGURE 2.3 

WTER HEATER SALES - SIZE DISTRIBUTI(X(; 1978 

E l e c t r i c  Qs 

2.3.4 Fuel Type Segreqati on 
Solar water heaters are economically sensitive to the type 

of fuel displaced since the operating costs for electr ical ly 
heated water is typically f ive times the cost of gas water 
heating . Unfortunately, the Census Bureau does not pub1 i sh 
any regional figures on water heaters by type of fuel and, 
therefore, i t  became necessary i n  th is  study to  derive the 
.regional water heater sales by fuel type from secondary data 
sources. The data which was developed i s  shown i n  Figure 2.4. 



FIGURE 2.4 
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This redional sales data was further analyzed by segrega- 
tion into single-family/multi-family sectors as shown i n  

Figure 2.5. I t  is interesting to note from this  data that in 
the South, electr ic water heaters outsell gas water heaters 
by a margin of over 2-1/2 to 1 in the single-family sector 
and by 10 to 1 in the multi-family market! I t  was also 
noted that the North Central and Western States have more 
gas sales than e lect r ic  sales i n  the sing1 e-fami ly market. 



FIGURE 2.5 
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The reasons for these differences are 'related t o  the 
availabi~lity of fuels in these specific census regions. In 
the South, because of the low heating loads, gas hook-ups ar-e 

n o t  as common and, therefore, the typical residence i s  usually 
more dependent on electric water heating. In the ~ o r t h  Central 
and West, gas heating i s  very comon and, therefore, most 
consumers select gas water heaters. I t  i s  expected that with 
the continued price differential between gas and electric costs, 
t h a t  a shif t  towards gas sales will continue until supply. 
1 imitations discourage i t s  use. 

These differences are also expected t o  be affectea by the emphasic 

of the electric u t i l i t ies  on water heating conservation 
measures to reduce electric consumption. 

The correlation between water heating fuels to the customary 
heating fuels i s  further illustrated in Table 2.1, which describes 
the type of water heating fuel for each of the primary heating 



fuels; natura l  gas, f u e l  o i l ,  e l e c t r i c i t y ,  LPG, and wood. This 

t a b l e  i l l u s t r a t e s  the tendency o f  the consumer t o  heat h i s  water 

w i t h  the  same f u e l  as i s  used t o  heat the home. 

TABLE 2.1 

TYPE OF WATER HEATING FUEL BY TYPE OF 

PRIMARY HEATING FUEL 

Type of Prtmary Heating Fuel. I 

Type o f  Water Natural Fuel 0t1. Other/ 
)(eating Fuel 6as &tosene E l e c t r i c t t y  LP(; !@ Not Reported - - 
Natural 68s 91 14 6 

E lec t r i c *  t y  9 45 88 50 50 100 

F w l  0t1. 
Kerosene 

Ltqutd Petro- 
l e m  6as 

Other/None/Not 
Reported 

2.3.5 SMSA Spec i f i c  Fuels Data 

I n  order t o  assess the  r e l a t i v e  market po ten t i a l  i n  the  fou r  

standard metropol i tan s t a t i s t i c a l  areas descr,i bed i n  t h i s  repor t ,  

s p e c i f i c a l l y  Denver4 10s Angeles , Phoenix and Washington, D. C. , 
i t  was necessary t o  i d e n t i f y  the stock o f  r es i den t i a l  wa te r .  

heaters by f u e l  types. I n  Table 2.2, these water heater stocks 

a re  broken down by gas, e l e c t r $ c i t y ,  LPG, o ther  f u e l s  and none. 

For comparison, the  sales o f  r e s i d e n t i a l  water heaters i n  the  new 

const ruc t ion market i s  provided f o r  the fou r  SMSAs from 1973 

through 1979 i n  Table 2.3. 

TABLE 2.2 

1970 STOCKS OF RESIDENTIAL WATER HEATERS BY TYPE OF FUEL 
AND STANDARD RfTROPOLITAN STATISTIC+ AREA ( M A )  

Type o f  Water 
' 

Los Angeles- 
h a t t n g  Fuel Denver Long Beach Phoenix Washtngton. O.C. 

U t t l l t y  Qs 351,087 2.191.407 241,367 246.560 

E l e c t r l c l t y  28.890 186.967 48.269 46.558 

Bottled. tank. 
o r  LP gss 8.624 19.110 7.866 5.261 

Other fue l  1.822 8.610 527 48.543. 

Wone 1.804 25.887 4.604 2.881 

TOTALS 392.227 2,431.981 302.633 349,803 

Includes 46.885 4 t h  fuel o i l .  kerosene. etc.  
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TABLE 2.3 

lNSTALLATlqNS OF RESIDENTIAL UATER HEATERS 
I N  N N  CONSTRUCTION. IN THOUSANDS OF UNITS 

Denver 
Lor Angeles- 
Long Beach Phoenix Mashington, D.C. 

2.4 CONVENTIONAL HOT WATER HEATER PRODUCTS 

Informat ion i s  provided f o r  the conventional water heater 

product t o  i d e n t i f y  i t s  key'design features as perceived by 

the consumer. ,. Performance, economic and re1 i a b i l  i t y  informat ion 

i s  inc luded t o  provide a basis f o r  comparison w i t h  so la r  water 

heaters. This combined informat ion w i l l  be used t o  determine 

the s u i t a b i l i t y  o f  a so la r  water heater as a replacement fo r  the 

conv'entional water heater. Thi s comparison w i l l  be conducted i n  

Chapter 5 o f  t h i s  document. 

Conventional water heaters are usua l l y  d is t ingu ished i n  the 

marketplace by f u e l  type, hot  water capacity, recovery rates,  

and warranty l i f e t i m e ,  which i s  i n d i r e c t l y  dependent upon the 

tank mater ia l .  I n  add i t i on  t o  purchasing, based on-these features, 

the consumer i s  a lso  very sens i t i ve  t o  the f i r s t  cost  and w i l l  

often use t h i s  as a primary purchase decis ion i n  t h i s  h i gh l y  

competi t ive indust ry .  

2.4.1 Design Descr ipt ion . c 

Gas water heaters as shown i n  Figure 2.5 (page 2-6) are very 

simple devices, usua l l y  cons is t ing o f  a 40 ga l lon  glass-l ined 

storage tank insu la ted  w i t h  R-3 f ibe rg lass  insu la t ion .  An 



external  gas burner heats the water a t  temperatures usual ly  

ranging from 138' t o  1 5 0 ' ~  although thermostat ica l ly ,  the water 

temperature could be con t ro l led  a t  higher and lower temperatures 

than t h i s  range. 

E l e c t r i c  water heaters are a lso o f  a very simple construc- 

t i on .  I n  the s i ng le  fami l y  residence, a 52 ga l lon  glass- l ined 

water tank i s  usua l l y  used w i t h  1-3/4" f i be rg lass  i nsu la t i on  for  

an R 5.5 ra t ing .  Water temperature i s  thermostat ica l ly  con t ro l led  

using two i n te rna l  e l e c t r i c a l  r e s i  stence heating elements 1 ocated 
a t  the lower tank and a t  about mid-point i n  the water tank. 

Cathodic p ro tec t ion  i s  provided w i t h  a magnesium anode rod 

which i s  s u f f i c i e n t  t o  s a t i s f y  the warranty under standard 

operating condit ions. Therefore, a f i v e  year warranty tank w i l l  

have one-half the anode length  o f  a ten year warranty tank. 

2.4.2 Recovery Rates 

Water heater recovery ra tes  are ra ted i n  gal lons per hour 

f o r  a 90°F temperature r i s e .  A t yp i ca l  e l ec tn i c  water heater 

w i l l  have a 4500 wat t  heating element f o r  the 52 ga l lon  tank and 

a 17 ga l lon  per hour recovery r a t i ng .  Somewhat la rger  heating 

elements are ava i lab le  and t yp i ca l  ranges f o r  e l e c t r i c  - water A 

heaters might go as h igh as 25 gal lons per hour. Gas water 

heaters w i l l  have much f as te r  recovery ra tes and usual ly  range 

from 20 t o  60 gal lons per hour f o r  a 40 ga l lon  tank. 

2.4.3 Warranty 

Warranties p lay  a very key r o l e  i n  the sa le  o f  conventional 

'hot water products. Usually, warranties are  f i v e  o r  ten years. 

I n  e l e c t r i c  water heaters, the warranties w i l l  be dependent upon 

the design of the storage tank and the anode conf igurat ion.  As 

s ta ted  e a r l i e r ,  the  l i f e  o f  e l e c t r i c  water heaters can be extended 

s i g n i f i c a n t l y  by in t roduc ing a la rger  anode. Water qua1 i t y  and, 

more spec i f i ca l l y ,  the hardness o f  the water, w i l l  a l so  be s i g n i f i -  

cant fac to rs  i n  the l i f e t i m e  o f  the u n i t .  Under very hard water 

condit ions, the 1 i f e  o f  a water heater i s  o f t en  shortened and 

9 f a i l u r e  can occur i n  f i v e  years but, under s o f t  water condi t ions,  



the l i f e t i m e  can be extended. There are experiences.where water 

heaters 'have las ted  over 25 years under idea l  s o f t  water condit ions. 

Water condi t ion i s  espec ia l ly  important t o  gas water heaters since 

the external  combustion a t  h igh temperatures accelerates sca l ing 

and tank corrosion. 
. . The t yp i ca l  consumer i s  conscious o f  the hot  water tank l i n e r  

mater ia l  and i s  aware t h a t  g lass- l ined tanks w i l l  extend the l i f e -  

t ime o f  a conventional water heater. As a consequence, most 

conventional water tanks are glass-1 ined, a1 though some stone- 

l i n e d  tanks are s t i l l  ava i lab le .  Stone-lined. tanks are  usual ly  

avoided by the manufacturer because o f  the excess weight 1 nvol ved 

and subsequent shipping costs. 

2.4.4 Performance 

The performance o f  e l e c t r i c  and gas water heaters d i f f e r s  

subs tan t ia l l y .  Gas water heaters are lower i n  performance due t o  

a combination o f  burner i n e f f i c i e n c i e s  (18%), p i l o t  l i g h t  losses 

(14%), and storage tank thermal losses (16%). Combined i n e f f i -  

c iencies i n  the gas water heaters r e s u l t  i n  an ove ra l l  e f f i c i ency  

o f  48 t o  52%. 

E l e c t r i c  water heaters have e f f i c i e n c i e s  o f  78-81% w i t h  a 

ma jo r i t y  o f  the losses occurr ing i n  the thermal i nsu la t i on  o f  the 

storage tqn  k . 
Eff ic iencies w t l l  decrease over the l i f e t i m e  o f  the water 

heater, espec ia l ly  f o r  the gas water heaters where combustion 

e f f ic iency i s  reduced due t o  scal ing.  It i s  no t  unusual t o  have 

the  ove ra l l  e f f i c i enc ies  reduced as much as 15%. E l e c t r i c  water 

heaters are  less suscept ib le t o  the  sca l ing because o f  the in te rna l  

heat ing element. Therefore, the decrease i n  e f f i c i e n c i e s  w i  11 be 

more t y p i c a l l y  5%, although losses can double. 

As s ta ted e a r l i e r ,  the  l i f e t i m e  i s  dependent on the water 

condi t ions.  Typical l i f e t i m e s  o f  gas water heaters w i l l  be 8 t o  

11 years, whereas e l e c t r i c  water heaters w i l l  have l i f e t i m e s  i n  

excess o f  10 years, except under extreme hard water condi t ions o r  

5 year l i f e t i m e  design condi t ions.  



I n  add i t i on  t o  hard water condit ions, other f a i l u r e  

mechanisms for  e l e c t r i c  water heaters include f a i l u r e  of the , 

heater element, thermostat, re1 i e f  valve, and tank leakage. 

Gas water heater f a i l u r e  mechanisms, 1 i ke the e l e c t r i c  
water heater, w i l l  f a i l  due t o  the thermostat, r e l i e f  valve, 

and tank leakage; but, i n  add i t ion,  f a i l u r e  can r e s u l t  from 
the con t ro l  valve, the p i l o t  l i g h t ,  and the burner. 

2.4.5 Conventional Water Heater Economics 

Economic considerat ions include ; f i r s t  cost, monthly cash 

f low ( inc lud ing maintenance and operating costs) ,  and 1 i f e  cyc le  costs. 
Water heater f i r s t  costs are c lose ly  a l igned w i t h  the consumer p r i c e  

index and the construct ion cost  index; but, i n  t h i s  h igh ly  competi- 

t i  ve industry,  water heater costs have 1 agged the construct ion cost  

index and the consumer p r i c e  index from 1974 through 1978. The 

water heater p r i ce  increases have been 5.6% versus 8-1/2% f o r  the 

construct ion cost  index. The exact water heater p r i ce  index i s  shown 

i n  the t ab le  below f o r  1974 through 1978. 

Water Heater Purchase Construction Cost 
Year Pr ice Index Index 

1978 176.8 175.7 
1977 170.9 156.5 
1976 166.0 - 143.9 

' 1975 164.4 138.4 
1974 142.0 126.9 

I ns ta l  l e d  costs w i  11 vary s i g n i f i c a n t l y ,  by area, depending upon 

labor  costs and the q u a l i t y  o f  the product. I n s t a l l e d  costs i n  a 

survey o f  33 c i t i e s  revealed an i n t e r q u a r t i l e  range o f  $180 t o  $300 

f o r  a 40-gallon gas water heater having a f ive-year warranty. The 

i n t e r q u a r t i l e  range f o r  e l e c t r i c  water heaters was somewhat less  

and ranged from $150 t o  $200 for  a 52-gallon water heater w i t h  a- 

f i ve-year warranty. 

Operating costs o f  water heaters "ar ies s i g n i f i c a n t l y  across the 

country depending upon the f ue l  costs and water temperature. The 

economics o f  both conventional and so la r  water heaters i s  discussed i n  

great  d e t a i l  i n  Chapter 4 and the reader i s  re fe r red  t o  t h a t  Chapter 

f o r  the de ta i led  economic parameters used f o r  the conventional water 

heater analysis. The r e s u l t s  of t h a t  analysis i d e n t i f y i n g  the average 

monthly cost  f o r  conventional water heaters are  shown i n  the f o l l  owing 

tab1 e. 



AVERAGE MONTHLY COST ($ )  OF CONVENTIONAL WATER HEATERS , 
0% DISCOUNT RATE 

E l e c t r i c  Gas 
C i  t y  Water Heaters Water Heaters 

Phoenix 3 1 15 
Washington, D.C. 43 2 5 
Denver 6 3 2 0 
Los Angeles 55 22 

This char t  i l l u s t r a t e s  a 2 t o  1 d i f ference i.n e l e c t r i c  costs 

from Phoenix t o  Denverbut a 213 d i f ference i n  gas water heaters from 

Phoenix t o  Washington, D.C. The major cause f o r  the d i f ference i n  

hot water economics i s  water temperature. This e f f e c t  i s  best 

ill ustra ted by the monthly performance values i 11 ust ra ted i n  Figures 

2.6 through 2.9, which i d e n t i f i e s  a 2 t o  1 d i f ference i n  energy con- 

sumption due so le l y  t o  the water temperature. 

FIGURE 2.6 
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FIGURE 2.7 
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FIGURE 2.9 
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2.4.6 Water Heater Infrastructure 
~he're are four distribution concepts used 111 illost eommersial 

organizations: factory direct, one-step:factory-retailer-consumer, 
two-step:factory-distributor-retailer-consumer and a multi-step: 

factory-manufacturer 's representative-di stri butor-retai ler-consumer. 
All of the major water heater manufacturers use either the two-step 
or mu1 ti-step distribution concept except when dealing with mass 
retailers 1 i ke Sears, Montgomery Wards, J .C. Penneys, etc., which 

empl.oy a one-step distribution concept. The factory direct 

distribution concept is. rarely used. .In .the usual two-step option, 

manufacturers rely on the distributor to accept the responsibfl ity 

for developing dealer organizations and to re1 ieve the responsi - 
bil ity of maintaining inventory at the regional levels. 



Product costs a re  a f fec ted  s i g n i f i c a n t l y  w i t h  the i n t r o -  

duct ion o f  the middlemen, A1 though the manufacturer rea l i zes  an 

extremely low p r o f i t  margin, usua l l y  less than lo%, the whole- 

sa le r  w i l l  mark up the product between 10-35%, usual ly  a t  the 

higher value. Dealer mark-ups are 35-40% p l  us i n s t a l  l a t i o n .  

Overal l ,  the manufactured cost  w i l l  double due t o  the succession 

o f  mark-ups, 

2.4.7 Major Conventional Water Heater Suppliers 

S ix  manufacturers command 95% o f  the water heater sales. 

These manufacturers are: A.O. Smith, Bradford-White, Mor-Flo 

Indust r ies ,  Rheem/Ruud, State. Indust r ies ,  and W .L. Jackson. 

2.4.8 Licensing 

I n  most states,  i n s t a l l a t i o n  o r  se rv ic ing  o f  water heaters 

must be performed by l icensed plumbers, although a homeowner 

can i n s t a l l  i n  h i s  p r i va te  residence. 

Licensing requirements vary from s ta te  t o  state.  For a 

journeyman's 1 i cense , Texas requires three years of experience 

and the successful compl e t i o n  o f  the s ta te  epami n a t i  on. Plumbing 

contractors must a lso possess a master 's 1 icense ( o r  employ some- 

one who holds t h i s  1 icense) . 

2.4.9 Tra in ing Practices 

Classroom t r a i n i n g  i n  water heater i ns ta l l a t i on / se rv i c i ng  i s  

minimal, I n  Texas, plumbers' apprentices usual ly  spend about 

twelve hours i n  the classroom studying both e l e c t r i c  and gas water 

heaters. Presumably, apprentices ga in  most o f  t h e i r  experience 

w i t h  water heaters on the job. 

The s ta te  exams usua l l y  contain several questions about water 

heaters. I n  Texas, examiners requ i re  the candidates t o  phys ica l l y  

i d e n t i f y  various par ts  o f  the water heater, inc lud ing the tempera- 
t u r e  and pressure re1 l e f  valves, gas burner, thermostat, p i l o t  1 igh t ,  

t h e r m ~ c o u ~ i e ,  and co ld  water i n l e t  tube. Then, the examiner requires 

the person tak ing the  t e s t  t o  ad jus t  the gas burner t o  the proper a i r  

and gas mixture. This. shop exam a lso requires a knowledge o f  the 



proper use of galvanized pipe, copper pipe, and the bending of 
copper tubes -- a c t i v i t i e s  d i rec t ly  related t o  water heater in s t a l l -  
ation. There a re  written questions on the proper sizing of the vents, 
the working pressure of gas, e tc .  

2.4.10 Codes 
A number of different  plumbing codes govern water heaters. 

These codes are  usually administered by local authori t ies  and are  
designed t o  provide minimum requirements f o r  the "protection of the 
pub1 i c ' s  health, safety and we1 fare .  " Their scope includes .the 
ins ta l la t ion ,  a l te ra t ion ,  repair ,  maintenance, replacement, and use 

of any pl umbi ng sys tern. 
A t  t h i s  time there a re  f ive  model plumbing codes: 

o National Standard Plumbing Code 
Co-sponsored by the National Association of Plumbing- 
Heating-Cooling Contractors, Washington, D.C.  and the 
American Society of Plumbing Engineers; 

o BOCA Code, a1 so cal l  ed the Basic Plumbing Code 
Building Officials  & Code Administration International 
Homewood, I l l i no i s ;  

o Standard Plumbing Code (previously cal l  ed Southern) 
Southern Building Code Congress International 
Bi rmi ngham, A1 abama ; 

o ICBO Code 
International Conference of Building Officials  
Whi t t i e r ,  Cal i fornia;  and 

o Uniform Plumbing Code, also called IAPMO Code 
International &,sociation of Plumbing & Mechanical Officials 
Los Angel es ,  Cal i forni a 

There is also a National Plumbing Code. A1 though not enforceable, 

this code has served as a guide1 ine fo r  the preparation of many local 
codes. In addition, the American Society of Mechanical Engineers 
(ASME) and the American National Standards Ins t i tu t e  (ANSI have 

been writing a plumbing code called A-40 fo r  the past e ight  . 
years. 

Many s t a t e s ,  counties, and c i t i e s  have taken one of the f ive model 
codes and adapted i t  to  t h e i r  own environment. For example, Dallas 



has adopted the Uniform Plumbing Code. However, since i t  i s  colder 

i n  Dallas, they d ig  t h e i r  pipes deeper, and have modi f ied the code 

accordingly. The West i s  the c losest  t o  adopting a model code f o r  

a la rge  region. Alaska, Montana, Ca l i fo rn ia ,  Hawaii , Nevada, and 

Idaho a l l  requ i re  the Uniform Plumbing or IAPMO Code. 

On the o ther  hand, some states, c i t i e s  and counties s t i l l  w r i t e  

t h e i r  own codes. The r e s u l t s  are  very e r r a t i c .  For example, Wisconsin 

uses a Wisconsin State Plumbing Code; I l l i n o i s  uses an I l l i n o i s  

State Code and BOCA, but  the c i t y  o f  Chicago uses i t s  own code. I 

I n  general, states, c i t i e s ,  and counties who w r i t e  t h e i r  own 

codes update them less f requent ly  than those using one o f  the model 

codes. Therefore, they o f t en  l a g  i n  adopting the progressive changes. 

According t o  one BOCA o f f i c i a l ,  substant ia l  changes are tak ing place 

i n  the codes i n  the areas o f  safe ty  features and performance requ i re-  

ments. There i s  now a t rend toward two safe ty  valve requirements: 

(1 ) A standard pinhole i s  required on the d i p  tube, and (2)  the temp- 

era ture  and re1 i e f  valve can no longer be rep1 aced by cu t -o f f  valves. 

I n  addi t ion,  there i s  increased emphasis on the use o f  a safe ty  

p i n  and more a t t en t i on  i s  being given t o  where th.e overf low i s  con- 

nected t o  the f l o o r  drain.  F i na l l y ,  many o f  the codes now s ta te  t h a t  

a l l . w a t e r  heaters must bear a labe l  by an approved agency. 

Energy e f f i c i e n c y  i s  the second category o f  r ap id  change. 

Several states now requ i re  t he  i n s t a l l a t i o n  o f  energy e f f i c i e n t  water 

heaters. Thi  s t rend toward energy conservatl  on has resu l  t ed  i n 

several modi f icat ions i n  the codes i nc l  udi  ng : 

o Reduction o f  minimum temperatures from 120' t o  l l o O  
o Automatic vent dampers 

2.4.11 Standards and C e r t i f i c a t i o n  Requirements 

Standards d i f f e r  from plumbing codes i n  several ways. F i r s t ,  

they are usually. much more design spec i f i c .  Second, they are  on ly  

enforceable when included as p a r t  o f  a code. And t h i r d ,  they are 

o f t en  developed by members o f  an engineering soc ie ty  r a the r  than by 

bui 1 d ing.  o f f i c i a l s  and code administrators.  



Three organizations p lay  a key r o l e  i n  w r i t i n g  water heater 

standards -- the American National Standards I n s t i t u t e ,  the American 

Gas Association, and the Underwriters Laboratory. 

American National Standards I n s t i t u t e  (ANSI ) .  The American 

National Standards I n s t i t u t e  I s  the c lea r ing  house and recognized co- 

o rd ina t ing  body f o r  voluntary standards a c t i v i t y  on the nat ional  

. l eve l .  I t s  purpose i s  t o  develop voluntary consensus standards i n  

the p r i va te  sector  and t o  e l iminate  dup l i ca t ion  o f  standards a c t i v i t i e s .  

Its members i ncl  ude some 900 companies and 200 trade, technical  , 
s c i e n t i f i c ,  professional  , labor, and consumer organizations -- a t r u e  

federat ion o f  standards-developing and standards-using organizations. 

Although anyone may submit proposed standards t o  the I n s t i t u t e ,  

ANSI on ly  recognizes three methods f o r  the development o f  evidence 

o f  the consensus needed f o r  approval o f  American National Standards. 

They are: (1 ) accredi ted organizat ion method; (2)  American National 

Standards committee method; (3) canvass method. ANSI  ' s requirements 

f o r  due process and the r i g h t  t o  appeal act ions a t  several l eve l s  o f  

review es tab l i sh  confidence i n ,  'and c r e d i b i l i t y  fo r ,  the standards i t  

approves. The three ANSI standards per ta in ing  t o  water heaters were 

w r i t t e n  by the American Gas Association. 

American Gas Associat ion (AGA) . The American Gas Associat ion 

laborator ies  es tab l i sh  c e r t i f i c a t i o n  requirements f o r  gas appliances. 

The American Gas indus t ry  was one o f  the f i r s t  i n  t h i s  country t o  

develop ANSI standards. The committees t h a t  draw up these requirements 

f o l l ow  one o f  the  three methods approved by the American National 

Standards I n s t i t u t e .  The comnittees are  concerned f i r s t  o f  a l l  . w i t h  
safety; second, w i t h  a reasonable degree of durab i l  i t y  , inseparable 

from safety;  and th i rd ,  w i t h  a reasonable operat ing e f f i c i ency  when 

proper ly i n s t a l  1 ed and used. 

The AGA Testing Laboratories c e r t i f y  water heaters on ly  - for  

spec i f ic  uses and spec i f i c  operat i  ng condi t i ons  . The three AGA 

w r i t t e n  ANSI standards per ta in ing  t o  water heaters are: 

o Gas Water Heaters, Vol . I. ANSI 221 . lo.  1 and Addenda 
ANSI  Z21.10.la 1978. Automatic storage type w i t h  inputs 
of 75,000 BTU i n  1 hr .  o r  less  



o Gas Water Heaters, Vol . I I I. ANSI 221 . l o .  3 and Addenda 
ANSI Z21.10.3a 1978. C i r c u l a t i n g  tank, instantaneous 
and l a r g e  automatic storage type water heaters 

o Gas Water Heaters, ANSI 221 .13 and Addenda ANSI Z21.13a 
Gas- f i red  low-pressure steam and h o t  water heat ing b o i l e r s  

The 1979 addenda Z21.10.1 b 1979 and Z21.10.3b 1979 t o  Gas Water 

Heaters Vol. I and I 1 1  have been. approved bu t  a re  p resen t l y  n o t  

a v a i l a b l e  from AGA. 

Underwri ters Laborator ies (UL). Underwr i ters Laborator ies,  I nc .  

i s  a n o t - f o r - p r o f i  t organ iza t ion  founded t o  es tab l i sh ,  mainta in,  and 

operate l a b o r a t o r i e s  f o r  t he  examination and t e s t i n g  o f  devices, 

systems and m a t e r i a l s  t o  determine t h e i r  r e l a t i o n  t o  hazards t o  1 i f e  

and property.  The goal o f  a l l  UL t e s t i n g  i s  s a f e t y  f o r  t h e  p u b l i c  

I n  the  home, i n  indust ry ,  and i n  business. Two UL standards have 

been es tab l ished f o r  t h e  performance and cons t ruc t i on  o f  water heaters. 

They are  as fo l l ows :  

o Standard f o r  Safe ty  -- Household E l e c t r i c  
Storage Tank Water Heaters UL 174 

o Standard f o r  Safety -- O i l  F i r e d  Water Heaters UL 732 

Nat iona l  Board of B o i l e r  & Pressure Vessel Inspectors (Nat ional  

Board). The Nat ional  Board o f  B o i l e r  & Pressure Vessel Inspectors  

(more comnonly r e f e r r e d  t o  as t h e  Nat ional  ~ o a r d )  se ts  standards fo r  

l a r g e  commercial b o i l e r  and pressure vessels. 

The Nat ional  Board i s  an o rgan iza t i on  t h a t  t r a i n s  and comiss ions  

inspectors  fo reach s t a t e  and i n  c i t i e s  o f  t h e  U.S. and provinces o f  

Canada. The prime o b j e c t i v e  o f  t h e  Nat ional  Board can be summed up 

i n  t h e  s i n g l e  word "safety."  S p e c i f i c a l l y ,  i t s  ob jec t i ves  are: 

o Uniform enforcement o f  b o i l e r  and pressure vessel safety 
1 aws , r u l  es , and regul  a t i  ons 

o Uniform standards o f  approval f o r  s p e c i f i c  designs and 
s t r u c t u r a l  d e t a i  1 s o f  vessels , appurtenances,. and devices 
inst rumental  i n  the  sa fe  opera t ion  o f  b o i l e r s  and pressure 
vessels 

o One un i fo rm code o f  r u l e s  and one standard stamp designat ing 
compliance w i t h  t h a t  code 

o One standard o f  q u a l i f i c a t i o n  and examination f o r  the  com- 
missioned inspectors  who enforce the  requirements o f  t h e  
code 



o Compilation and d i s t r i b u t i o n  o f  in format ion v i t a l  t o  i t s  
members -- more than 3,800 comnissioned inspectors, and 
o ther  in te res ted  par t ies  such as technical  soc ie t ies ,  
manufacturers, i n s t a l  1  ers, owners/users , and j u r i  sdi c t iona l  
o f f i c i a l s  responsible f o r  the pub l i c  safety. 

The National Board Commissioners f o l l ow  the safe ty  regulat ions 

o f  the ASME B o i l e r  and Pressure Vessel Code and the Inspect ion Code 

of the National Board (ASME Code Section 8  deals w i t h  b o i l e r s  and 

pressure vessels) i n  the manufacturing, i n s t a l  l a t i o n ,  and repa i r  o f  

bo i l e r s  and pressure vessels. I f  the vessels comply w i t h  the safe ty  

standards, a  nameplate w i t h  a NAT' L BD seal , number and ASME symbol 

stamp goes on the vessel and i t  i s  reg is tered w i t h  the National I 

Board . 
The National Board a1 so admi n i  s ters  the capacity c e r t i f i c a t i o n  

f o r  safe ty  valves and safe ty  re1 i e f  valves i n  accordance w i t h  ASME 

B o i l e r  and Pressure Vessel Code requirements. It maintains a  t es t i ng  

laboratory  f o r  these valves. 

American Society o f  Mechanical Engineers (ASME). The ASME Boi 1  e r  

and Pressure Vessel Code p r i m a r i l y  per ta ins  t o  commercial water 

heaters. 

Over 6,000 engineers and re l a ted  sc i en t i s t s  p a r t i c i p a t e  i n  

w r i t i n g  ASME Codes and Standards. The Bo i l e r  and Pressure Vessel 

Code i s  used i n  most o f  the states and i n  major c i t i e s  i n  the s ta tes 

t h a t  have y e t  t o  reference the cude. It i s  a lso used i n  a l l  the 

provinces o f  Canada. This code has a lso been referenced i n  the 

safe ty  regu la t ions o f  seventy j u r i s d i c t i o n a l  au thor i t i es ,  and a  

number o f  Federal Agencies include the ASME B o i l e r  and pressure Code 

as p a r t  o f  t h e i  r respect ive regulat ions.  

The two per t inen t  sections o f  the ASME B o i l e r  and Pressure 

Vessel Code are: 

o  Section 4, Heating Bo i le r ,  250 pages 

o  Section 8 (2  par ts) ,  Pressure Vessels, 500 pages 

National Sani ta t ion Foundation (NSF) . The ~ a t i o n a l  Sani ta t ion 

Foundation i s  a non-p ro f i t  organizat ion deal ing w i t h  problems invo lv ing  

san i ta t ion.  It i s  dedicated t o  the prevention o f  i l l n e s s ,  the promotion 
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o f  h e a l t h  and the  enrichment o f  t he  q u a l i t y  o f  American l i v i n g .  

The NSF seal i s  w ide ly  recognized as a s ign  t h a t  t h e  a r t i c l e  t o  

which i t  i s  a f f i x e d  complies w i t h  p u b l i c  h e a l t h  requirements. 

Representat ives o f  t h e  p u b l i c  h e a l t h  profession,  o f  business and 

indust ry ,  and of t he  pub1 i c  serve on i t s  Board o f  Trustees, Council 

of Pub1 i c  Heal th Consultants, and var ious comS t tees .  The NSF 

f u l f i l l s  t h e  important  purpose o f  arranging f o r  a common meeting 

ground where i n d u s t r y  and p u b l i c  h e a l t h  may discuss and solve 

coimnon problems. The NSF standards spec i f y ing  requirements f o r  

water heaters  o n l y  apply t o  food se rv i ce  app l i ca t i ons  using spray 

type dishwashers. The standard i s  No. 5, Commercial Hot Water 

Generati ng Equi p e n t .  

General Services Admin is t ra t ion  (GSA). The standards d i v i s i o n  

o f  t h e  Federal Supply Serv ice se ts  Federal s p e c i f i c a t i o n s  f o r  water 

heaters used by a l l  Federal agencies. They are: 

o Federal s p e c i f i c a t i o h  W-H-196J 
Water heater,  e l e c t r i c  and gas- f i red ,  r e s i d e n t i a l ,  
Amendment 1 , GSA-FSS , Dec. 20, 1976, approved by the  Com- 
missioner, FSS-GSA f o r  t h e  use of a l l  Federal agencies 

o Federal s p e c i f i c a t i o n  W-W-HI 91B 
Heater, f l u i d ,  i n d u s t r i a l  ( instantaneous, steam, water 
converter  type)  

U.S. Dept. o f  Housing & Urban Development (HUD). A l l  HUD 

funded p r o j e c t s  must comply w i t h  t h e  f o l l o w i n g  standard: 

Chapter 5 o f  MPS (Minimum property Standards) which speci- 
f i e s  requirements f o r  water heaters f o r  any HUD funded p r o j e c t s  

American Society o f  Heatinq, R e f r i q e r a t i n g  and A i r  Cond i t ion ing  

(ASHRAE). Th is  s o c i e t y  has concerned i t s e l  f w i  t h  the  performance 

standards f o r  energy conservat ion. It inc ludes sec t ions  on water 

heaters : 

o -ASHRAE 90-75. Performance E f f i c i e n c y  Standard -- Energy 
conservat ion i n  b u i l d i n g  design 

o ASHRAEIIE: 90.1-75R. This standard has n o t  y e t  been 
approved 

U.S. Dept o f  Defense. The m i l i t a r y ' s  s p e c i f i c a t i o n s  f o r  t h e i r  

b u i l d i n g s  a r e  t h e  same as GSA requirements. 



Consumer Product Safety Commission. The Consumer Product 

Safety  onm mission has no specific standards for water heaters b u t  does 
have an a ler t  sheet in which the maximum temperature setting of 140' F 

i s  being evaluated. I t  went o u t  for comment las t  spring and i s  

pending action (Federal Register Spring 1979). 
U.S. Dept. of Energy ( D O q .  The U.S. Department of Energy sets 

up  procedures similar t o  those of the American National Standards 
Institute. ' DOE'S procedures are specified in the following pub1 ica- 

Federal Energy Administration; 
Energy Conservation Program for Compliances and Test 
Procedures for Water Heaters (Federal Regi ster , 
Oct. 4 ,  1977; Oct. 19, 1978; Sept. 7, 1979) 

In addition t o  the standards governing water heaters, there are 
numerous standards covering the various components in a water heater. 
For example, the American National Standard for gas water heaters, 
Vol . I (for water heaters with inputs of 75,000 B t u  per hour or 
less) l i s t s  the following standards: 

Automatic Gas Ignition Systems and Components 

Pipe Threads 
Welded and Seamless Wrought Steel Pipe 
Manual 1 v Operated Gas Valves 
Gas ~ p p l  iance Pressure Regul a lote.s 
Gas Appliance Thermostats 

Automatic Valves for Gas Appliances 
Re1 ief Valves and Automatic Gas Shutoff 

Devices for Hot Water Supply Systems 

Draft Hoods 
Electrical Equipment and Wiring 
Electric Fuse 
Unified Inch Scr,ew Threads 
Slotted Head Cap Screws, etc. 
Slotted and Recessed Head Machine Screws,etc. 
Slotted and Recessed Head Tappi ng Screws ,etc. 
Square and Hex Bolts and Screws 
Square and Hex Nuts 



The ANSI standards f o r  gas water heaters a l s o  spec i f y  a number of 

i n s t a l  1 a t i o n  standards i n c l u d i n g  : 

Nat ional  Fuel Gas Code 
Nat ional  E l  ectr i .ca1 Code 
Mobi le Homes 
Recreat ional Vehicles 

SUMMARY OF STANDARDS BY ORGANIZATION 

American Nat ional .  Standards I n s t i t u t e  (ANSI) 

Underwri t e r s  Laborator ies (UL) 

American Soc ie ty  o f  Mechani c a l  Enqi neers (ASME) 

Sect ion  I V  
Sect ion  V I I I  

t 

, Nat ional  S a n i t a t i o n  Foundation (NSF) 

No. 5 

W-H-196J 
W-H-196J, Amendment 1 

U.S. Dept. o f  Housing & Urban Development (HUD) 

Chapter 5 o f  MPS 

American Soc ie ty  o f  Heating, R e f r i g e r a t i n g  and A i r  
Condi t i o n i  ng (ASHRAE) 



SUMMARY OF WATER HEATER STANDARDS 

From Uniform Plumbing Code 

Automatic storage type water heaters,  
Vol . I ,  w i t h  input' l e s s  than 50,000 B t u  
per hour (14,650 W )  

Circulating tank, Vol . I1 I ,  instantaneous, 
and la rge  automatic storage type water 
.heaters 

E lec t r i c  water heaters 

Gas f i r e d  steam and hot water bo i le r  

O i  1 f i r e d  boi 1 e r s  

Oi l f i red  water heaters 

Relief valves and automatic gas shut-off 
devices f o r  hot water supply systems 

Boiler  and pressure vessel code 

From BOCA 

Water heater. drai  n val ves 

Water heater ,  e l e c t r i c ,  r es iden t ia l  

Water heaters,  household automatic 
e l e c t r i c ,  s torage type 

Water 'heaters ,  gas, Volume I ,  
automatic storage type water heaters 
w i t h  inputs of 75,000 B t u / h r . .  o r  l e s s  

Water heaters,  gas, Volume 111, 
c i rcu la t ing  tank instantaneous 
and large  automatic storage type 
water heaters 

From National Standards 

Water heaters,  automatic storage type 

Water heaters,  c i rcu la t ing  tank 

Water heaters,  e l e c t r i c  s torage tank 

ANSI Z21.10.1(1971) 

ANSI Z21.10.3(1971) 

UL 174-1956 

ANSI Z21.13(1974) 

UL 726-1963 

UL 732-1955 

Z21.22(1971) 

ASSE 1005-1 967 

ANSI C72.1-1972 

ANSI Z21.10.1-1975 

ANSI Z21.10.3-1975 

ANSI 221.10.3- 5 



Water heater, instantaneous 

Water heater, s ide arm type 

Water heater d ra i n  val ve 

FS WW-H-191 b-1970 

ANSI 221.10.1-1975 

ASSE 1005 

Fr-orl~ ASHRAE 

I n s t a l l a t i o n  o f  o i l  f i r e d  water heaters ANSI  295.1 

Gas f i r e d  water heaters f o r  commerci a1 ANSI  221.10.3, 
and i n d u s t r i a l  needs Vol. I 11  

I n s t a l l a t i o n  o f  gas - f i red  water heaters ANSI 2223.1 

Low pressure heat ing bo i l e r s  and low ASME Section I V  
pressure, f i r ed ,  por tab le  ho t  water 
heaters 

Unf i red water heaters and pressure 
vessel s 

ASME Section V I  I 1  

2.4.1 2 Other Water Heating Options 

. 1; cons ider ing so lar  water heaters, i t  i s  important t o  recognize a 
number o f  o ther  opt ions ava i lab le  t o  the consumer. These o ther .  

opt ions inc lude more e f f i c i e n t  water heaters using higher i n s u l a t i o n  

values, water conservation measures, and o ther  water heat ing products. 

These o ther  water heat ing products inc lude heat recovery u n i t s  , i nstan- 

taneous water heaters, heat pump water heaters, and hot  water boosters. 

None o f  these o ther  water heat ing products are new. Instantaneous 

water heaters have been widely used i n  Europe f o r  a number o f  years. 

Heat recovery u n i t s  (HRUs) are  merely a heat exchanger adapted t o  the 

condenser of an a i r  cond i t ioner  o r  heat pump. Heat pump water heaters 

have been under i nves t i ga t i on  s ince the 50 's  and boosters have been used 

by major h o t  water users such as restaurants f o r  a number o f  years and 

are  common i n  the home dishwasher. 

2.4.13 Heat Recovery Un i t  

Manufacturers o f  the HRU inc lude Sun Econ, GST Indust r ies ,  

E n e r g y ~ o n s e r v a t i o n ~ n l i m i t e d , a n d F r e i d r i c h , a d i v i s i o n o f W y l a i n .  



Planco, Inc. has surveyed these industries and identified that units 

are currently being manufactured and sold in fairly large quantities 

at the residential and comnercial levels. Prices range from $350 

to $700, installed. Commercial units cost considerably more, 

depending on the size of the unit. 

Of the four water heater product options, the heat recovery 

unit probably presents the greatest competition to the solar water 

heater since this amounts to a fairly modest modification to an 
air conditioner or a heat pump and not only provides preheat of 

,the water, but also improves the overall efficiency of the air 

conditioner or the heat pump. A1 1 that is required is a heat 

exchanger and a circulator. 

An HRU attached to a 3-ton unit in California has been shown 
' to provide savings ranging from 400 to 3000 kilowatts o a  year. A t  

56 per kilowatt hour, this translates into $20 to $150 savings 

per year. And this does not include the improved efficiency 

resulting for the air conditioner. 

The HRU is particularly popular where air conditioning is a 
major requirement -- usually in the South and Southwest. The 

complete results of the Planco survey are shown in Table. 2.5 (see 

following page). 
Studies by Freidrich have shown that the HRU in the 

residential environment can produce 8.4 gallons of hot water 

with s 70-degree temperature rise from a 3-ton heat pump. The 
HRU will raise the EER of the heat pump from 7.5 to 10.3 with a 

29% energy savings in the cooling mode and a 14% increase in the 
heating mode. 'In the commercial environment, the savings can 

exceed 50%. The details of the Freidrich analysis are shown in 
Table 2.6. 



TABLE 2 . 5  

W N W Y  OF AMSUERS OF lfLfPWO(lt SURVEI OF 
~ F A C T U R E R S  OF HEAT R E C O V ~ R V  UNITS 

Apr i l  1 8  and 21. 1980 

Energy Conservation 
Unlimited Sun tcon 651 Industries 

1. Hut perantage of p u r  s l leS of 
heat m o v c r y  uni ts pos) to 

a. Rasidmtlal 

b. C a r r l a l  

Mainly resident ia l  

A t o  A and A t o  Y heat Heat pqn. refrigeration Can go t o  any A/C. Many A to A h a t  pnp and 
paps because o f  year uni t? and unitary . go t o  heat p r a ~ s  water.-to A heat pmp 
round 

2. Yhcm a m  a s t  of the unlts 
installed? 

3. Wh~t  'Is the se l l ing  price o f  your 
a. Residential un i t  

1. Price o f  un i t  a t  r e t a i l  
2. Instal led price 

$368 
$500-700, depending on 

Job 
$184 -- varies. w i th  

quanti t y  
$250 -- varles with 

quantlty 
3. factory se l l lng  pr lce 

b. Conmrcial un i t  
1. Price of un i t  rt r e t a l l  

2. Instal led price 

3. Factory sel l ing pr lca 

$500 t o  S2.W. dependin9 
on slze 

Varies greatly with job 

Varles 

$850 but can go higher. 
varies 

M 

$550-600, can go 
higher 

$350-400 

$1.200-3.500 -- varies 
greatly 

$ a s  

HVAC dealer ' WAC dealer WAC dealer HVAC dealer 

S u n k l t  w ln l y .  Cllif.. on 
East through South. belng 
sold i n  Penn,. Ohio. etc. 

5. I n  what parts of the'country a m  
m s t  of your uni ts sold? 

Mainly South, especially 
Florida and Texas. also 
going t o  Calif. 

South mainly Southeast part  o f  
the U.S. 

6. Wo* act lvely do you p m t e  sales? Very actively. Since Oct. Setting up reps i n  every Very actlvely 
sales take o f f  major area i n  the country 

very act ively 

7. Ha m c h  would you r i t imate your 
un i ts  save the user? 

a. I n  hot water? About 4 t o  8 gals. o f  hot Could save up t o  302 of Uhm going. saves 100% Oon't knac -- 
water per ton of heat water heating b i l l  . o f  hot water depend on applicat 
pump per hour 

About 101 average 101 101 101 nin. b. I n  eff iciency of A/C? 

12 months 18 months 18 mnths 12 &ths 8 .  What warranty do you give? 

9. H a  w u l d  you say the market i s  
g rw ing  presently? 

Rapid growth. Expect Taken o f f .  Have 10.000 Been i n  business fo r  f i ve  Ila growing fast 
sales t o  increasa by un i ts  i n  f ie ld .  MI11 years and each year sales 
3 t o  5 times i n  1980. have $3 m i l l i on  sales have increased 
Hard t o  keep up with t h i s  year. They are 
sales number one. 



ENERGY SAVINGS FROM A HEAT RECOVERY UNIT 
OPERATING IN THE COOLING MODE 

A i r  Cooling 
Capacity . 
BTUH 

Hot Water Heating 

Capacity Recovery 
BTUH 6PH 

Power Input U t i l i t i e s  Ef f ic iency 

Combined Separate . Combined Energy 
Watts EER EER Reduction % 

ENERGY SAVINGS FROM A HEAT RECOVERY UNIT 

OPERATING IN THE HEATING MODE 

A i r  Heating ' Hot Water Heating 
Capacity Capacity Recovery 
BTUH BTUH GPH 

22 .000 2,900 5.0 

27.000 2,300 4.0 

29.000 2,900 5.0 

36.000 3,600 6.2 

52 .000 3,300 5.7 

Power Input U t i l  l t i e s  Ef f ic iency 

Combined Separate Canbined Energy 
Watts COP COP Reduction % 

2.800 2.6 2.2 14% 

3.100 ' 2.8 2.5 11% 

3.200 2.9 2.5 14% 

4,700 2.5 2.2 11% 

5,900 2.8 2.2 9% 

2.4.14 Heat Pump Water Heaters 

Heat pump water heaters are manufactured by EUS, E-Tech, Fedders 

and a few smal ler  manufacturers located i n  thesoutheast .  

. The heat pumpwater heater ex t rac ts  i t s  heat from the i n t e r i o r  o f  

the dwel l ing and therefore  i s  a more p rac t i ca l  device i n  the heavy a i r  

condi t ion ing environments which would be: the res i den t i a l  market i n  the 

South and Southwest and the conmercial market throughout the United 

States. It i s  doubtfu l  t h a t  the ho t  water heat pump would be a p rac t i c  



device i n  the heavy heating regions o f  the country. 

Heat pump water heater COPS range from 2-3. Energy savings are 

pro jec ted a t  50 t o  67%. Fedders i n  a p r i v a t e  study p red ic ts  a 60% 

saving w i t h  a surnmer COP o f  2.8 and a win ter  COP o f  2.4. Test data t o  

back up these claims are  very sketchy bu t  EUS under an ORNL cont rac t  

i n  cooperation w i t h  u t i l i t i e s  i s  c u r r e n t l y . t e s t i n g  120 un i t s .  

The r e l i a b i l i t y  i s  a lso  unknown a t  t h i s  t ime although i t  i s  

pro jec ted t h a t ' t h e  f a i l u r e  r a t e  o f  a ho t  water heater should be somewhat 

higher than a conventional heat pump because i t  i s  expected t o  operate f o r  

s i g n i f i c a n t l y  longer periods. Warranties range as h igh a s  5 years by 

some o f  the manufacturers. 

I n s t a l l e d  cost  o f  the u n i t  i s  expected t o  be $550 t o  $700. 





CHAPTER 3 

SOLAR WATER HEATING INDUSTRY 

3.1 SOLAR INDUSTRY SURVEY 
The solar industry survey included the following: 
o Determination of data sources required for the assess- 

ment of.product performance, econorics, and quality 

o Compilation of solar industry suppliers that market 
complete solar water heating systems 

o Screening of system.manufacturer's/integrators; deter- 
mining generic classifications-based on the respondents 
literature, and selection of representative systems for 
anal ysi s 

o Compilation and analysis of performance and cost data 
from the respondents product literature 

* I 

o Review of the documentation provided by the respondents 
for completeness and quality 

o Assessment of problems encountered by the industry 
and specific designs 

3.1.1 Data Sources 
Data for this survey was collected from many sources. Sys- 

tem suppl iers and supply characteri stics were identified using 
four different data bases: 

o National Solar Information Center 

o SERI Information Center 

o Solar Energy Industries Association: 
Solar Engineering Master Catalog '79 and 

Solar Industry Index 



o Solar Engineering Magazine (December '79 issue) 
Deskbook Directory 

Product data was obtained through a telephone survey in which 

brochures and manuals on col lectors ,  systems, instal  la t ion,  costs ,  
and warranties were requested. The documentation received was used 
t o  establ ish the product data base. 

The product qual i ty  assessment was conducted using the product 

data supplied by the manufacturers through personal contacts and a 
l i t e ra tu re  review. Information used to  describe the product quali-  
ty  was compiled frdm the major national laboratories:  

Information Source System Component 
Los Alamos Scient i f ic  Laboratories Col 1 ectors 
Argonne National Laboratori es Coll ectors/Storage 
Lawrence Berkeley Laboratories Controls 
Solar Energy Research Ins t i tu te1  

Solar Environmental Engineering . . 
Company Control s 

S i t e  v i s i t s  were made to  t e s t  f a c i l i t i e s  a t  Wvlie Laboratories i n  
Huntsville, Alabama, and Florida solar  Energy Center, - who - were evalua- 
t ing systems provided by TVA as part  of the Solar Nashville Program. 
Additional s i t e  v i s i t s  were a1 so made t o  manufacturers and instal  la t ions 
t o  * support the qual i t y  assessment study. 

3.1.2 Solar Survey Methodoloqy 
using the master 1 i s t  of solarconpanies, a telephone survey was 

conducted t o  identify solar  hot water systems and producers in or- 
der t o  co l lec t  the necessary information t o  perform the analyses 
and qual i t y  assessments. An out l ine of the procedure i s  shown 
i n  Figure 3.1. 

A primary qual i f ie r  i n  the telephone interview -was the i n i t i a l  

question regarding the product sold different iat ions between the 
component suppl i e r  from the systems suppl i ers .  If  the interviewee 

answered i n  the affirmative then a detailed questionnaire was dis- 
cussed regarding the product, product documents and the suppl ier ' s  
organization. The interview terminated with a request for  docu- 

mentation. 



Most firms were cooperative and over half supplied part or 
a l l  of the documents requested. 

FIGURE 3.1 

SOLAR lNDUSTRY SURVEY METHODOLOCY 

Does your canpan); se l l  
Integrated solar water signoff 

heating systems? 

description u 
Questions 

o Regional Dcscriptlon o f  Marketing Area 

o Request Information - Product brochures - Design Manual, 
- installation Manual - hintenance Manual 
- Qllector/System Performance Data 

- ~ r r a n t k s / k n f c c  b n t r a c t s  - Price sheets 
- Mstrtbutors 

3.1.3 S'olar Hot Water .Industry Survey Results 

The four data bases mentioned ear l ier  were used to construct 
a master l i s t  of solar companies from which the telephone and 
correspondence contacts were made. The complete 1 i s t  i s  included 
in Appendix I.  A sample sheet.. from th i s  master l i s t  i s .  included 
as Table 3.1 The compilation shows that none of the l i s t s  are' 

0 complete. In many cases a company appears on only one out of 
four l i s t s .  



TABLE 3.1 

Solar Eneqy Integrated Systems 
National ~ o l ' a r  Ckgazinc SEIA Suppl ters 

Heating 6 Cool tng S M  .!79 
tompany/Locatton In fomat ton  Center 12/79 Issue Catalog SERI Contacted Responded 

Aircraftsman 
Mi 11 brook 

Halstead 6 M i tche l l  
Scottsbom 

National Energy Systems Corp 
Birmingham 

Solar Eneqy o f  the South 
Mobtle 

Solar Unl imi ted 
Huntsv i l le  

Art zona 

Arizona Engineertng 6 Refr ign 
G i lbe r t  X 

Arizona Solar Enterprises 
Scottsdale X 

B6H Refr igerat ion 
Y uma 

Copper State Solar Products Inc 
Phoentx 

Energex Mfg Corp 
Phoentx 

Goett l  A i r  Conditioning 
Phoenix 

Table 3.2 summarizes the results of the survey. Two hundred 

and twenty-six companies (out of 364 p6sslble) were contacted in 
the survey. Of those 226, 152 supplied complete integrated solar 

hot water systems. The difference accounted for companies that 

supplied only components (usually just collectors), and companies 

that had. gone out of business (or did not answer). 

TABLE 3.2 

SURVEY RESULTS FOR SYSTEM MANUFACTURERSIINTEGRATORS 

No. of System Suppliers 364 

No. Contacted 226 

No. of SHW System Suppliers 

- verbal acknowledgement 152 

No. of SHbf System Suppliers 

- documented proof .. 82 



The product data base includes the 82,documented responses 

that  were received as a resu l t  of the survey. 

From t h e  survey, marketing area demographics were determined. 

Table 3.3 i l l u s t r a t e s  tha t  companies market and d is t r ibute  pr i -  

marily a t  a st ,ate,  regional, and national level.  

TABLE 3.3 

MARKET AREA DEMOGRAPHICS 

Market Area 
Market Analysis 
(% of Sample) 

City 2 

County 5 

Statewide ' 29 

Regional 36 

National 2 8 

No. of Samples - 152 

Figure 3.2 depicts. the geographic dis t r ibut ion of 152 com- 

panies t h a t  supply integrated solar  hot water systems (as deter- 

mined from t h i s  survey). The Northeast; California, Florida, and 

Colorado represent the areas that  are currently bases for  major 

ac t iv i ty  in the SDHW industry. 

(See next page for  

Figure 3.2) 



. . 
FIGURE 3.2 

INTEGEATED SYSTEM MANUFACTURERS/SUPPLIERS 



From t h e  te lephone survey (152 contacts),  i t  was a l s o  p o s s i b l e  

t o  determine t h e  l e v e l  a t  which t he  s o l a r  companies a r e  p r o v i d i n g  

p roduc t  suppor t  i n c l u d i n g  documentat ion. A summary o f  those r e -  

s u l t s  i s  g i v e n  i n  Tab le  3.4. I t was no ted  t h a t  approx imate ly  two- 

t h i r d s  o f  t h e  s u p p l i e r s  p rov ide  design, i n s t a l l a t i o n  and maintenance 

manuals. Over 10% do n o t  p rov ide  p roduc t  brochures. 

TABLE 3.4 

SHW SYSTEM DOCUPlENTATIOt4 -- BASED ON TELEPHONE SURVEY* 

% o f  Contacts  t h a t  can 
p r o v i d e  requested i n f o r -  

s 
mat ion  ( d i d  n o t  necessar- 

Documentation i l y  p rov ide )  

Product  Brochure 8 9 

Design Manual 6 0 

I n s t a l  l a t i o n  Manual 68 

Maintenance Manual 63 

Col l e c t o r  Data 8 9 

Warrant ies 100 

-Se rv i ce  Cont rac ts  4 0 

* I52  Contacts  

3.2 INDUSTRY INFRASTRUCTURE 

3.2.1 S u p p l i e r  C h a r a c t e r i z a t i o n  

Companies manufac tu r ing  s o l a r  wa te r  systems a re  r e p r e s e n t a t i v e  

o f  a broad range o f  companies f r om v e r y  smal l  t o  m u l t i - b i l l i o n  

do1 l a r  e n t e r p r i s e s .  These companies have evo lved  i n  a v a r i e t y  o f  

ways. Many o f  t h e  sma l l e r  f i rms  were i n i t i a l l y  o rgan ized  as new 

ven tu res  s p e c i f i c a l l y  f o r  t h e  development o f  s o l a r  components and 

systems. Another  c l a s s  o f  l a r g e r  companies were s p i n o f f s  f rom 

s i m i l a r  a c t i v i t i e s ;  examples are,  t h e  convent iona l  wa te r  hea te r  

companies and t h e  HVAC dea le rs ,  d i s t r i b u t o r s ,  and manufacturers .  

A sma l l e r  percentage o f  s u p p l i e r s  evo lved  from t h e  raw m a t e r i a l s  

companies t h a t  supp ly  me ta l s  and g l a z i n g  m a t e r i a l s .  Energy com- 



panies, high technology companies (e.g . , aerospace f i rms) ,  and 
large-scale mass production companies (e .g . ,  the auto industry) 
are a1 so included in the overall suppliers '  1 i s t .  

A very large percentage of the smaller firms on the solar 
system suppliers '  l i s t s  which includes the 82 written respon- 
dents to  the survey have annual sales  under a mill ion do1 l a r s  
per year. The 12 top "solar hot water industry leaders" l i s t  

i s  dominated by large corporations. 
A survey was conducted by the Planco corporation to  identify 

the major solar  hot water system manufacturers and tha t  l i s t  in- 
cludes the following companies: Grumman, Revere, Sunworks, State 
Industries, Lennox, Heliotherm, Daystar, RheemIRuud, Northrup, 
A.  0. Smith, Reynolds Metals, and Mor-Flo. All 12 companies have 
sales  in excess of $1 million per year and the l i s t  includes 
mu1 t i - b i l  lion dollar companies with sales  exceeding a b i l l  ion 
dollars per year. 

Four of these companies, A;O .  Smith, Rheem/Ruud, State  In- 
dustries and Mor-Flo are major conventional hot water companies. 
Two of the companies are from the HVAC industries -- Lennox and 
Northrup. Two firms are  raw materials suppliers -- Revere and 
Reynolds Metals. One company, Grumman, i s  a h i g h  technology 

aerospace f i rm. 
Solar water heater pruductiorl is heavily concentrated in 

f ive  s t a t e s  -- California, New York, New Jersey, Florida and 
Arizona based on EIA report ,  Solar Collection Manufacturing 
Activity, July-Dec., - 1979. Firms located in these f ive  s t a t e s  
produce over 75% of the col lectors  for  solar  water heating systems. 

The EIA report also ident i f ies  the top 12 s t a t e s  tha t  produce 
over 90% of the solar  collectors fo r  solar  water heatink systems. 
A l i s t i n g  of the 12 producer s t a t e s  i s  provided i n  Table 3.5. 
Based upon the sales  trends shown i n  the EIA report ,  the top four 
s ta tes  continue t o  enjoy s ignif icant  increases i n  solar  collector 
sales;  whereas, Arizona, Colorado, and Texas are  indicating a 
decrease i n  sales .  Very l ike ly ,  the impact of new s t a t e  and 

federal legis lat ion dealing with incentives could a1 t e r  t h i s  
picture in 1980. 



The f i rms t h a t  are emerging as the indus t ry  leaders i n  so la r  

water heating have access t o  a t o t a l  capab i l i t y  t o  design, 

produce, and s e l l  the so la r  water heater system. A l l  12 provide 

the product documentation l i s t e d  i n  Table 3.4 w i t h  the exception 

o f  serv ice contracts. Most o f  the f i rms  on the top 12 l i s t  have 

access t o  engineering' expert ise i n  research gnd development as w e l l  

as appl i ca t ions  engineering. Therefore, i t  i s  no t  surpr is ing t h a t  

these f i rms  would emerge as the indus t ry  leaders. 

MAJOR HOT WATER SUPPLIERS 
BY STATE 

Ca l i f o rn i a  
New York 
New Jersey 
F lo r ida  
Arizona 
Oh40 
Tennessee 
V i rg i n i a  
Colorado 
Pennsylvania 
Texas 

Trend 

390K 
380K 
228K 
160K 

99K 
55K 
49K 
47K 
42K ~ 

. 

40K 
28K 

EIA Solar Co l lec to r  Manufacturing A c t i v i t y ,  

Februar.~, 1979 

D i s t r i b u t i o n  plays a key r o l e  i n  the success o f  the indus t ry  

leaders. A l l  o f  the top 12 coppanies are cu r ren t l y  d i s t r i b u t i n g  

so la r  hot  water systems na t iona l l y ,  through the 2-step o r  m u l t i -  

step d i s G i b u t i o n  network, and a l l  have over 100 d i s t r i b u t o r s  

scat tered throughout the United States. Figure 3.3 i s  based 

upon the EIA Solar  Col lec tor  Manufacturing A c t i v i t y ,  dated 

February 1979. It should be noted t h a t  as so la r  co l  l e c t o r  

volume increases, f i rms  develop a d i s t r i b u t i n g  organizat ion w i t h  

la rge numbers o f  d i s t r i bu to r s ;  62.7% o f  the manufacturers o f  



solar collectors have distribution organizations and 70.8% of the 

total volume sold in the first half of 1979 was sold through a 

distribution network. 

FIGURE 3.3 

Very all Sull 

b4cft2/yr.) (4-20.m rtz/yr) (tor-loor f t Z / y r )  (=lo01 ft2/yr) 

Producer Slze 
* E M  Solar bll knufrcturlng k t l v t t y ,  F d .  1979 

It is also noteworthy that all of the 12 major companies provide 

packaged solar .hot water systems. These systems, based upon this 

survey, were found to be designed for consumer appeal, All the 

systems had adequate warranties on all the major components and 

have collector warranties of at least five years. System documen- 

tation was provided by these industry leaders including product 

brochures, design information, installation and maintenance information. 



3.3 PRODUCT CHARACTERIZATION 
This study has sought to  analyze the products tha t  are currently 

on the market. This section will provide the. resul ts  of an extensive 
e f fo r t  t o  analyze the product data base that  was constructed, based 
on the 82 documented respondents. The following topical areas will 
be covered: 

o ~ e n e r i c  descriptions of currently avai lab1 e systems 
o Product l i t e ra tu re  review tha t  assesses the quality 

. . 
of the existing documentation 

o System packaging 
o Component/system warranties 
o Performance 
0 Cost 

3.3.1 Generic Descriptions 
Solar water heaters have typically been classif ied according to  

the common generic types tha t  are  supplied by the industry. These 
same classif icat ions were adopted by the National Bureau of Standards 
in the i r  studies of solar h o t  water performance. The different  

generic c lassif icat ions have evolved from the ind,ustryl s recognition 
of the particular features suited to  regional needs usually related " 

t o  climatic or  market conditions and optimized fo r  consumer economics. 

From the respondents' l i t e r a tu re ,  the majority of systems currently 
on the market can be arranged into s ix  generic types. For purposes 
of t h i s  report the breadbox" concept was not considered due to  the 
very low sales ,  as i l lus t ra ted  in Table 3.6. 

TABLE 3.6 

GENERIC CLASS OF RESPONDENTS (82) 

California Sales 
Generic Type % Since S ta r t  12 mo. 
o Direct Reci rcul a t i  ng 

o ~ i r e c t  Driinback 2l 1 56 42 
2 2 o Direct Draindown 

o Indirect (anti  -freeze) 41 32 4 7 

o Thermosyphon . . 5 10 10 
o Air 2 
o Breadbox 2 1 



Storage Storage' 
Tank . Tank 

DIRECT, RECIRCULATION. TYO ThNKS 

I 

E l e c t r l c  Heating 

punp Solar Auxiliary 
Storage Storage 
Tank Tank 

INDIRECT,. ACTIVE AIR SYSTER. 2 TANKS 



e l e c t r i c  heating 

Heat , Storage ;::7ge Exchanger Tank t 

INDIRECT. ANTIFREEZE. 2 TANKS 

E l u t r l c  Heatlng 

A u x l l l a r y  
Storage 

Tank 

TtiEReOSYPWH. DIRECT. ND TANK 



Companies t y p i c a l l y  o f f e r  a t  l e a s t  two types o f  systems. 

The r e s u l t s  o f  t he  gener ic  c l a s s i f i c a t i o n  o f  t he  respondents 

i s  sumar i zed  i n  Table 3.6 and compared t o  r e c e n t l y  publishe-d 

data f o r  Sacramento, C a l i f o r n i a .  (see page 3-11 ) 

3.3.2 Product L i t e r a t u r e  Review 

The product  l i t e r a t u r e  was reviewed f o r  adequacy i n  several 

areas. A summary o f  those r e s u l t s  i s  g iven i n  Table 3.7. Docu- 

mentat ion was ranked from A(good),through N (ext remely poor o r  

no t  u s e f u l ) .  

TABLE 3.7 

PRODUCT LITERATURE REVIEW 

System Operation 

tol lector P e r f o m n a  
Equation 

Quality o f  ~oc&ntstion 
A - 8 - C - N - I V - NV - NP - P - 

A - 6006 

B - M q u a t e  

C - Poor 

I - kn or Extremely Poor 

I V  - Independently Validated 

W - kt Independently Validated or 
lbthlng u s  said 

NP - I n f o m t l o n  Mot Prmidcd 

P - I n f o r u t i o n  Provided 

I t  i s  important  t o  no te  t h a t  t h e  documentation was e i t h e r  

nonexi s t e n t  o r  ext remely poor f o r  component i n fo rma t ion  (46% of 

the cases) and f o r  system opera t ion  (57% o f  t he  cases). F i f t y -  

two percent  o f  t he  sample prov ided systems us ing  c o l l e c t o r s  t h a t  

had been independent ly  va l i da ted .  

The l i t e r a t u r e  was a l s o  reviewed t o  determine the  degree of 

packaging t h a t  was being used i n  the  i ndus t r y .  The m a j o r i t y  of 

the  respondents (71%) ,o f fe red  p o o r l y  packaged systems. It was 



noted i n  t h i s  survey t h a t  a l l  major so la r  companies supplying 

in tegra ted so la r  domestic water heating systems o f f e r  we l l  

packaged systems, though no t  necessar i ly  optimum qua1 i t y .  

Fi f ty-seven percent o f  the respondents provided in format ion 

on t h e i r  warranties. The content o f  those warranties i s  summarized 

i n  Table 3.8. I n  most cases the c o l l e c t o r  had a 5-year l i m i t e d  

warranty. Six out  o f  82 respondents o f fe red  a one-year f u l l  

warranty on the system and i n s t a l l a t i o n .  This low systems warran- 

t y  i s  usua l l y  due t o  the d i v i s i o n  o f  r e s p o n s i b i l i t y  between the 

supp l ie r  and i n s t a l l e r .  

TABLE 3.8 

WARRANT1 ES 

(82 Responses) 

571 o f  Industm Responses Included Yawanties (not HVD) 

Y l r r rn t r  Ib. o f  Respondents b r a  t ion Extent 

snb 6 1 Y Ful l *  

Collector 

Storagel 
Wcst Exchanger 

P-P and 
Controls 

4s ).r LimI ted 
S Yr Limf ted 

10 Yr ~ f m i  ted 

L i l t  ted 

tmta l la t ion  6 1 F Ful l  

Ful l  wrranty  i s  consfdered to cover parts. labor. 
shipping and handling 

The storage tank and heat exchanger warrant ies var ied from 

3 t o  10 years and the manufacturers' warrant ies on pumps and 

con t ro l s  was from 12 t o  18 months. 

3.3.3 Performance Analysis Based on the Product L i t e ra tu re  

I n  the product/suppl i e r  survey , information on 'both c o l l e c t o r  

and system performance was requested. There was no informat ion 

i n  the respondents ' 1 i te ra tu re  on sys tem performance (simply be- 

cause i n  most cases systems performance data does no t  e x i s t ) .  
.. 



Collector performance i s  usually provided i n  the collector/system 
brochures. As was mentioned e a r l i e r ,  52% of the respondents 
claimed independent validation of the i r  col lector  performance. 

In analyzing collector quality they were divided into the 
fol lowing categories : 

o Non select ive,  single glass 
o Selective,  single glass  
o Non select ive,  double .glass 
o Selective,  double glass 
o Non select ive,  single (or  double) p las t ic  
o Selective,: ,single (or  double) p las t ic  

o Selective,  evacuated tube 

From the respondents ' 1 i te ra ture ,  75 col 1 ector performance 
equations were provided. These performance equations were divided 
into the seven.catego.ries and plotted fo r  comparative purposes 
(Figures 3.5 through 3.10). A key to  these figures i s  included in 
Appendix IV to  identify col lector  manufacturers. Fiv'e representative 
systems (col 1 ectors)  were chosen for  performance/economi c analysis 
(Chapter 4 ) .  The col lector  performance used in those systems are 
shown i n  Figures 3.5, 3.8 and 3.9. Several collectors were also 

t e s t e d  a t  the Florida Solar Energy Center (May 1979) .' The resu l t  
(average of several col lectors)  of '  those t e s t s  i s  also shown for  
comparative purposes. I t  i s  interest ing t o  note tha t  performance % 

varies considerably, even fo r  collectors of identical construction 
as in the case of collectors w i t h  se lect ive and non-selective ab- 
sorbers with single glass  covers. In both cases the efficiency 

has dropped to very low values, when the parameter Ti-Ta/I reaches 
the range of 0.4 to  0.5. 

The reader i s  cautioned tha t  performance curves are applicable 
fo r  normal incidence only and inclusion of incidence angle modifiers 
could a l t e r  dai ly  eff ic iencies .  Also, a s  a few of the collectors 
have built-in manifolds, compensation f o r  these loss  factors  

, l i t ~  Solar Collector Testing Program," Final 
Report on Grant EG-77-6-05-5561, Florida 
Solar en erg.^ Center, 5.11 5/79. 



could substantially alter comparative, col lector performances. 

The evacuated tube collector shown in Figures 3.5 and 3.8 is one 

example of a collector whose relative performance is penalized by 

the efficiency presentation as shown. 

FIGURE 3.5 
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FIGURE 3.7 

COLLECTOR EFFICIENCY FOR SELECTIVE. (SINGLE) 
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FIGURE 3.8 
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COLLECTOR EFFICIENCY FOR NW-SELECTIVE. 

SINGLE GLASS COLLECTORS 
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FIGURE 3.10 
COLLECTOR EF~ICIENCY FOR NCN-SELEtTIVE. (SIwLE)  

PLASTIC COLLECTORS 

, , , Average from FSEC Test - Documented Response 
(Major l ty  Validated by 

Independent Lab) 

L n g e  o f  Operatlon f o r  SyStgs 

. 3  



3.3.4 Cost Analys is  Based on t h e  Product L i t e r a t u r e  

I n  the  process o f  conduct ing t h e  s o l a r  ho t  water i ndus t ry  

survey, o n l y  25 o f  82 respondents provided s u f f i c i e n t  in format ion  

t o  determine both  c o l l e c t o r  and system c a p i t a l  and i n s t a l  l a t i o n  

costs. F igure  3.11 shows t h a t  t h e  range o f  i n s t a l l e d  costs f o r  

t he  25 systems analyzed i s  from $1700 t o  $3100. The m a j o r i t y  of 

systems had i n s t a l l e d  costs ranging from $2000 t o  $2800, w i t h  

the  l a r g e s t  number o f  systems having an i n s t a l l e d  cos t  o f  about 

$2450. I n  a recent  survey o f  s o l a r  domestic water heaters2 f o r  

Arizona, t h e  i n s t a l l a t i o n  cos t  ranged from $1399 t o  $3523 w i t h  an 

average c o s t  o f  $2461. A complete breakdown o f  those costs i s  

g iven i n  Table 3.9. 

The costs were a l so  v a l i d a t e d  w i t h  t h e  Sacramento Solar  Hot 

Water I n s t a l l e r s  Study (Nov. 79) and w i t h  personal i n te rv iews  

w i t h  s o l a r  water heater  d i s t r i b u t o r s .  Those r e s u l t s  a r e  

summarized i n  Table 3.10. 

FIGURE 3.11 

SOUR HOT WTER SYSTEM lWSTMLED COfT 

*WE: Validated r l t h  k c r u n t o  and State of Arizona Studjes - (2300 for Dpen ~ o o p  Systems - $2550 for lndlrect Systems 

2 " ~ u r v e y  o f  So lar  Domestic Water Heaters. I' F i n a l  Report, 
OEPAD Contract  No. 448-78, ASERC P r o j e c t  No. RFP-78-7, 
Arizona Solar  Energy Comission,  1979, by SERA. 



TABLE 3.9 

AWYSlS OF CONSUER PRICES 
OF UKAR rmPSTIC HATER HEATERS* 

1373.00 - 42.6 square f e e t  of 
%:e%?tf%tgallon (so la r  Insulated) 
tank. pump. contro ls ,  miscellaneous pipes. 
w i n s .  hardware, c o l l e c t o r  stand and/or 
munt lng '  qu lpnen t .  

430.00 +st  o f  l n s t a l l a t l o n .  

96O.W Cost o f  aarketlm). 

160.00 kt aslde f o r  uarranty expense 

m . 0 0  kt P r o f i t  

$3523.00 f o u l  ( s e l l t n g  p r l ce  to c o n k e r )  

$2461. W Average 

WFEREWCE: F l m l  Report. Survey o f  Solar. Domestic 

Hater Heaters. Econmic and b r k e t  
Analysis f o r  Arizona by SERA 

TABLE 3.10 

VALIDATION OF INSTALLED SYSTEM COST 

Sacramento Study* Distributor Interview 

Col .lectors $730 to $1400/system $71 6 

Storage $240 to $400 

Pump .$ 80 to $185 $848 

Control s $ 30 to $400 

Heat ~ x c h a n ~ e r  $1 00 

Average Cost $1730 $1 564 

Instal 1 a- 
tion Kit $150 (estimated) 

Installation $400 

*Sacramento Sol ar Hot Water Instal lers, Nov. 1979 



Based on the survey o f  costs f o r  the 25 system suppl iers i n  

t h i s  study, the i n s t a l  l e d  cost  ranges from $31'/ft2 t o  $52 / f tZ .  

F igure 3.12 shows t h i s  cost  breakdown f o r  the d i f f e r e n t  generic 

t Y  pes 
FIGURE 3.1 2  raornw Insrum cosro 

1 2 3 4 5 

k n e r l c  Type 

1 - Di rec t  Rec i rcu l r t ion  

2 - Di rec t  Draindown 

3 - Di rec t  Drelnback 

4 - Evrcueted Tube Drainback 

5 - I nd l rec t  Ant i f reeze 

/ 
The la rge  v a r i a t i o n  i n  s y s t m  i n s t a l l e d  cost  i s  p r i m a r i l y  due t o  la rge  

d i f fe rences i n  c o l l e c t o r  const ruc t ion costs. This i s  shown i n  Figures 3.13 

and 3.14. Figure 3.13 shows t h a t  c o l l e c t o r  costs range from $10 t o  $42 

per square foot ,  w i t h  . the .major i ty  o f  co l l ec to r s  f a l l i n g  between $16 and 

$24 per square foo t .  
FIGURE 3.13 

Col lector  Cost 0 / f t2 )  



VMIATIOII 111 COLLECTOR COST WITH RESPECT TO CaLEcToa 
0 CONSTRUCTION AM) COLLECTOR AREA 

Absorber 

bn -Se lec t fve  
k l e c t i v e  

Won-Selutive 
I b n - k l e c t i v t  

k l e c t l v e  
Select ive  

k l u t l v e  

Cover ' . - 
Plastic Mon-Selecftve. Sngl. P las t tc  0 
Plas t i c  Selective. Sinale. P las t i c  

Glass (1 )  Won-Selective, Single, Glass 0 
Glass (2)  Non-Selecttve, Double, Glass 8 
61ass (1)  Selective. Single. Glass A 

Glass (2) k l e c t t v e .  Double. Glass A 

Evacurted Select ive  Evacuated Tube 0 

A cost  ef fect iveness f ac to r  was developed f o r  co l l ec to r s  as a 

means of camparison, 

The cost  effect iveness f ac to rwas  defined as: 

CEF = E f f i c i ency  

COI l e c t o r  cost  ( $ / f t 2 )  

where,. the e f f i c iency  corresponds t o  an instantaneous col 1 ector  e f f  i - 
ciency. With a l l  o f  the c o l l e c t o r  costs sorted according t o  construct ion 

type, a l l  o f  the co l l ec to r s  are compared i n  Figure 3.15 using the r e s u l t s  

of Section 3.3.3. It i s  espec ia l ly  in format ive t o  note t h a t  the cost  

effect iveness o f  several co l l ec to r s  i s  very marginal (and non-existent i n  

f ou r  cases) f o r  some co l lec to rs .  It should a1 so be noted t ha t  the CEF 

was calculated f o r  co l l ec to r s  operating a t  Ti-Ta/I = 0.4 h r  ft2 O F / B ~ U  

which i s  a reasonable l eve l  o f  performance t o  expect from a co l l ec to r  

used i n  a so la r  hot  water app l ica t ion.  It should f u r t h e r  be pointed out  

t h a t  the u t i l i t y  o f  t h i s ' b a r  char t  has l i m i t i n g  constraints.  The t r u e  

a measure of cost  ef fect iveness i s  the annual system e f f i c i ency  div ided 

by the system i n s t a l l e d  cost  and maintenance costs; inc lud ing co l l ec to r  
+. 

rep1 acement i f  required before 20 years. 



W EFFECTIVENESS fVra (Cff) Fol  VMlWS SOUR PANELS * 
Ibte: CEF r s  ted ksed on tn lnstantancous efflclcncy 

wtth ( f l x l  0.1 kt ft OFIB~U. 

- 
M - k l u t l v e  kl)ctfc. Ran-SelectlW 

Plrst ic ~ l r s t f c  Slmlle 6 1 ~  
Ilon-Selective Selut lve  Selective 

~ouble  61rss Slngle Glass Double Glass 

*Collector effectiveness based on daily EFF; life cycle maintenance not 
i ncl uded . 



3.4 PRODUCT QUALITY 

The assessment of product  q u a l i t y  represented a  s i g n i f i c a n t  a c t i v i t y  

i n  the  o v e r a l l  s o l a r  water heat ing study. It was important  t o  determine 

the o v e r a l l  qua1 i ty  of t h e  lead ing products being s o l d  and t o  assess the  

needs of t h e  i ndus t ry  requ i red  t o  upgrade the  i n d u s t r y  t o  f u l l  c o m e r c i a l -  

i z a t i o n  status.  

F i ve  s tud ies  were used t o  ob ta in  t h e  necessary data as we l l  as s i t e  
v i s i t s  t o  t h e  t e s t  f a c i l i t i e s  a t  t he  Wiley Laborator ies and the  F l o r i d a  

Solar  Energy Center and v i s i t s  t o  Denver area manufacturers, d i s t r i b u t o r s  

and i n s t a l l a t i o n s .  The s tud ies  used were: 

o  Solar  Energy Indus t ry  Survey f o r  S E I A  

Donovan, Hamester & Rathen, Inc., August 1979 

o  Problem I d e n t i f i c a t i o n  o f  Solar  Systems Used i n  HUD 

Demonstration Program; Nat ional  Bureau o f  Standards, 

May 1979 

o  I n t e r i m  Report on Performance Data from t h e  

Res ident ia l  So lar  Demonstration Program, 

F r a n k l i n  Research Center, Spring, 1980 

o  DOE Demonstration Program Survey; Argonne Nat ional  Labora- 

to ry ,  1978-1979 

o  Sacramento Area Solar  Domestic Hot Water Heater I n s t a l l e r s  

Study; C a l i f o r n i a  Energy Comrni ssion, November 1979 

3.4.1 Resul ts  o f  t h e  S E I A  I ndus t ry  Survey 

Donovan, Hamester & Rathen were commissioned by t h e  So lar  Energy 

I n d u s t r i e s  Associat ion t o  conduct a  survey o f  t h e  s o l a r  i n d u s t r y  t o  i d e n t i f y  

problems encountered by t h e  var ious i n d u s t r y  groups i n  t h e  development 

of space cond i t i on ing  and h o t  water products. DHR r e l i e d  on3171 telephone 

in te rv iews  o f :  c o l l e c t o r  and component manufacturers o f  s o l a r  systems, 

A&Es, i n s t a l l e r s ,  b u i l d e r s  and dealers. O f  t h e  171 in te rv iews  i t  was 

determined by DHR t h a t  144 o f  t h e  i n te rv iews  were use fu l .    he 144 inc luded 

83 c o l l  e c t o r  and component manufacturers and 59 A&Es, i n s t a l  1  ers, bu i  1  ders 

and dealers. Table 3.11 1 i s t s  a1 1  i n t e r v i e w  categor ies.  

O f  t h e  83 manufacturers, 25 i n d i c a t e d  t h a t  they f e l t  no problems 

existed.  Ten o f  t h e  59 A&Es, dealers, i n s t a l l e r s  and b u i l d e r s  a l so  

i )  i n d i c a t e d  they f e l t  no problems existed.  F i f t e e n  o f  t h e  59 a lso  weren' t  

sure whether any problems e x i  sted. . Therefore, problems were i nd i ca ted  



TABLE 3 -1 1 

SYSTEM/COMPONENT PROBLEMS* -- S E I A  INDUSTRY SURVEY 

Telephone Interv iews 171 
Usable Interv iews 144 
- Co l lec to r  Manufacturers 6 6 
- A&E, I n s t a l l e r ,  Bu i lder  50 
- Component Manufacturers 17 
- Dealers 9 
* Source: DHR Report, August 1979 

by 58 o f  the 83 manufacturers and 34 o f  the 59 A&Es, i n s t a l l e r s ,  

dealers and bui  lders .  

Most o f  the manufacturers ind icated problems i n  on ly  one area whereas 

the d i s t r i b u t i o n  s ide of the indus t ry  reported mu1 t i p l e  problems i n  a 

r a t i o  o f  almost two problems per interv iew. 

The resu l  t s  o f  the survey are sumnarized i n  Table 3 -1 2. 

TABLE 3.12 

SYSTEM/COMPONENT PROBLEMS -- SURVEY RESULTS 

Problems Reported* 83 Manufacturers 59 A&Es 

o Col lec tors  27 17 
o Controls 14 16 
o I nsu la t i on  4 5 
o I n s t a l  1 a t i  on 1 5 
o Blowers 3 4 
o Storage 17 7 
o Energy Transport Subsystems 7 9 
No Problems 25 10 
Don't Know - - 15 

* F ina l  Report t o  Solar Energy Industry:  DHR, August 1979 
, . 

3.4.2 DOE Demonstration Program Study 

~ r g o n n e  National Laboratory under cont ract  t o  the Department of 

Energy conducted a survey o f  HUD res iden t i a l  space condi t ion ing and ho t  

water systems. Cycles 1 through 4 o f  t h a t  program were used i n  the 

survey. At  the t ime o f  the survey, the p ro j ec t  completions were as 

f o l l  ows: 



Cycle 1 -- 92 percent of 137 projects 
Cycle 2 -- 88 percent of 1327 projects 
Cycle 3 -- 82 percent of 3144 projects 
Cycle 4 -- 25 percent of 6839 projects 

Problems were categorized by col lec tor ,  storage subsystem, control 
subs.vstem, energy transport subsystem, and auxiliary energy supply. 
Problems included both s tar tup and operational d i f f i cu l t i e s .  Mu1 tip1 e 

problems were encountered i n  some of the projects. Based on the 

complete data,  percentage fa i lures  i n  each of the major f a i lu re  
categories a re  summarized in Figure 3.16. Data aggregates both hot 
water and space conditioning systems. 

FIGURE 3.16 

PROBLEM S W R Y  - NAJOR SUBSYSTEMS I N  HOD DEMONSTRATION SITES* 

rota1 ~roblems 

Collector 

Storage 

Energy Transport Subsystem 

Controls 
V) 

5 
F I 
n 
0 
L 
0- 

rc 
0 

be 

1 I I 111 IV 

IUU DMONSTRAllW CYCLE 
*Letter Report to MUD. NBS. 

May 10, 1979. 
NOTE: A l l  problems include construction and operation with many Of the 

operating problear occurring during start-up. 



It i s  noteworthy t h a t  a continuous dec l ine i n  f a i l u r e s  i n  a l l  

categories occurred throughout the program. While the data might sugges 

t ha t  the problems i n  the systems are becoming neg l ig ib le ,  i t  must be 

rea l i zed  t h a t  many o f  these systems were recen t l y  completed a t  the time o f  

the study and i n s u f f i c i e n t  operating t ime was ava i lab le  t o  f u l l y  assess 

a l l  o f  the problems. Nonetheless, many o f  the problems are diminishing 

as the manufacturers mature i n  the design, manufacture and i n s t a l  1 a t ion.  

These data are  a lso useful  i n  assessing the r e l a t i v e  incidence o f  
spec i f i c  problems i n  each o f  the major subsystem categories. These data 

corroborate the r e s u l t s  o f  the SEIA study performed by DHR. The most 

common problems are co l lec tors ,  controls,  and storage. Using aggregated 

data, energy t ranspor t  could be considered the number 2 problem i n  the 

DHR study which would be i n  exact agreement w i t h  t h i s  HUD survey. I t  i s  

noteworthy t h a t  the energy t ranspor t  subsystem i s  appl icable on ly  t o  the 

space condi t ion ing systems, would no t  be considered a problem i n  so la r  hot 

water systems, and therefore  should be discounted f o r  the purposes of t h i s  

study . 
Again, the reader i s  reminded t h a t  space condi t ion ing systems 

and water heaters are a l l  included and water heaters on ly  would be 

expected t o  be less  than these values. 

Later  studies by the F rank l in  I n s t i t u t e  on these same HUD 

demonstrations del  ineated operational problems f o r  Cycles 1,2, and 3. 
I n  this analysis, collector probloms i n  demonstratinn systems Mere 

reduced from 45% t o  31% for  Cycles 2 t o  3. - Storage problems 
decreased from 23% t o  11X.. Controls decreased from 34% t o  16%. 

3.4.3 Component Fa i l u re  Mechanisms 

Argonne National Laboratory conducted a deta i  1 ed study o f  problems 

which occurred i n  40 comnercial demonstration. systems i n  a per iod through 

June of 1978 and 66 systems i n  commercial demonstration s i t e s  from Ju ly  of 

1978 through A p r i l  o f  1979. The purposes o f  t h i s  invest i .gat ion were t o  
i den t i f y  major causes o f  fa i lures,  t o  es tab l i sh  f a i l u r e  trends and t o  

i den t i f y  co r rec t i ve  s t ra teg ies.  
. . 



3.4.3.1 Co l lec to r  Problems: Col l  ec to r  problems were d iv ided 

i n t o  two major categories -- those deal ing w i t h  the c o l l e c t o r  module 

and those associated w i t h  the  interconnect  o f  the modules. I n  Figure 3.17 

the r esu l t s  from 66 systems f o r  the J u l y  1978 through A p r i l  1979 survey 

are  presented. There were a t o t a l  o f  47 c o l l e c t o r  problems i n  25 systems. 

FIGURE 3.1 7 

MI- 1-4- O ~ . r . l * ~ r i r n - o ~ .  

Fourteen problems occurred i n  the interconnect  system. Problems resu l ted  
from design, i n s t a l l a t i o n ,  mechanical f a i l u r e s  and mate r ia l  f a i l u r e s .  

There was a uni form d i s t r i b u t i o n  o f  problems i n  many o f  the categories 

as shown i n  Figure 3.17. Most o f  the mechanical f a i l u r e s  occurred i n  the 
t rack ing  c o l l  ectors as opposed t o  f l a t  p l  a te  c o l l  ectors.  

3.4.3.2 Col l e c t o r  'Interconnects: Argonne a1 so performed a 

survey of the c o l l e c t o r  interconnect  problems and i d e n t i f i e d  the types o f  

f a i l u r e s  most l i k e l y  t o  occur i n  each o f  th ree interconnect  concepts 

inc lud ing:  

o Rubberiel astomers 

o A1 1 metal interconnects 

o Metal / e l  as tomer seal s 

Table 3..13 discusses f i v e  types o f  interconnect  problems, i n c l  uding 

e f a u l t y  hose connections, 'clamp f a i l u res ,  metal 1 i c  connection f a i l u res ,  

expansion j o i n t  problems and f a i l u r e  t o  provide adequate access t o  the 

interconnects. 



TABLE 3.1 3 

INTERCONNECT PROBLEMS 

o Hose Connections 
- loosening/leaks 
- overheating/material  

deter iora tes  
- UV, ozone deter iora tes  
- pipe cement leaks 
- inadequate t i gh ten ing  
- swivel j o i n t  leaks 

o Clamps 
- compression se t  
- loose crimp clamps 

o M e t a l l i c  Connection 
- d i e l e c t r i c  separat ion . AL col lectors/CU p ipe . steel/copper screw threads 
- CU solder j o i n t s  

o Expansion j o i n t s  
- inadequate allowance 
- .improper a1 ignment 

o Inadequate Access 

Based on t h e i r  survey o f  elastomers f o r  c o l l e c t o r  interconnects, 

Argonne National Laboratory i d e n t i f i e d  n ine  elastomer compounds as shown 

i n  Table 3..14 which a re  being used. Argonne ra ted  each elastomer i n  ten 

design categories. As a r e s u l t  o f  t h i s  study, Argonne recommended f ou r  

o f  the n ine f o r  use i n  interconnects. 

3.4.3.3 Glazinqs: I n  conducting the survey o f  so l a r  co l -  

lec tors ,  i t  was a lso necessary t o  assess the glaz.ing mate r ia l s  used i n  

TABLE 3.14 
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c o l l e c t o r s  consider ing f i v e  d i f f e r e n t  g laz ing  m a t e r i a l s  -- glass, a c r y l i c ,  

polycarbonate, f i berg l  ass and pol  y e t h y l  ene. Each o f  these mate r ia l  s  was 

examined f o r  performance, opera t ing  temperature, l i f e t i m e  and c o s t  i n  

d o l l a r s  per  square f o o t .  Th is  i n fo rma t ion  was obta ined from t h e  Southwest 

B u l l  e t i n  pub1 ished by t h e  New Mexico Solar  Energy Assoc ia t ion ,  September 

1379 (Table 3.15). 

I n  t h i s  study a c r y l i c  m a t e r i a l s  were shown t o  have the  h ighest  s o l a r  

transmittance, and f i be rg lass ,  depending on i t s  s p e c i f i c  design, has the  

lowest  s o l a r  t ransmit tance.  A good c o l l e c t o r  g laz ing  must a l so  i n h i b i t  

I R  t ransmit tance and a l l  o f  t h e  g laz ing  ma te r ia l s  w i t h  t h e  except ion o f  t he  

polyethylene sheet ing have t h i s  desi r a b l  e property.  

Temperature o f  a g laz ing  ma te r ia l  i s  important  p a r t i c u l a r l y  f o r  t he  

non-select ive c o l l e c t o r s  where the  g laz ing  temperatures can become s i g n i -  

f i c a n t l y  high. It i s  usua l l y  des i rab le  t o  have a g laz ing  m a t e r i a l  which 

can t o l e r a t e  opera t ing  temperatures i n  excess o f  200'~. Again i t  i s  

noteworthy t h a t  a c r y l  i cs, f i berg l  ass, and polyethylene rece ive  an un- 

favorable r a t i n g  i n  t h i s  category and therefore under s tagnat ion  condi- 

t i o n s  cou ld  e x h i b i t  some permanent damage. 

TABLE 3.15 

GLAZING MATERIAL PROPERTIES* 

~ I N G  MTERIAL PROPERTIES 

Solar trans- Operatfng 
l h t e r l a l  ' IR Transmit- Tanp. Life ~ o s t - $ / f t ~  

tance 

I Glass 09 " 3 4OW 20, 75-2 
(1.5 typlcal 1 

I k r y l l c  92 U.A. 180-200 20 ' 1-2 

Polycarbonate 86 6 250-270 5-17 2.25-3.25 

F I k q l a s s  78-90 6 1 0  160-200 .25-.5 

Lascoll te. Fi- 
lm. Sunlight . 4-7 

UV Resfstant 7-1 3 

Tedlar Coated 13-20 

Pol y e w l e n e  ' 85 7&80 110 < 3  .01-.03 

' %uthwest Bulletin. I .M .  b l a r  h q y  
Assoclatlon. kptmber .  1979. 



The 1 ifetime of a collector should be in excess of 20 years and 

therefore the glazing should match this  most important system parameter. 
Glass satisfactorily meets the lifetime requirement. Acrylic and tedlar 
coated fiberglass also have the potential of achieving this  long-term 
requirement, but uncoated f i bergl ass and polyethylene wi 11 not. 

And finally, a most important criterion t o  a manufacturer i's the cost 
of the glazing. The most expensive glazing materials are the polycarbonates 
closely followed by acrylics and glass. The polyethylene and f i  bergl ass 

glazings are much cheaper than any of the other three options,' and the 
polyethylene i s  several orders of magnitude less expensive accounting for 
i t s  application in a few.instances. 

Sixty-nine solar hot water system manufacturers were examined to 
determine the glazing materials in use; 55 are using glass glazings and 14 

are using plastic glazings. Based on the information in Appendix 11, i t  
could be assumed that the 14 solar hot water systems utilizing plastic 
glazed collectors should be suspect and the consumer should be made aware 
of the potential shortened lifetime before purchasing the system. 

3.4.3.4 Fluids: Argonne National Laboratory a1 so examined the 
freezing problem in the 1978 and 1979 samples (Figure 3 .18). I t  should be 
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noted thate;the draindown and drainback systems which u t i l i z e  water f o r  a 

c o l l e c t o r  coolant exh ib i ted  a higher percentage o f  problems i n  the 

e a r l i e r  t ime,frame and a s i g n i f i c a n t  drop i n  these problems occurred i n  

the second sample ' i nd ica t ing  a d imin i  shment o f  t h i s  catastrophic-type 

f a i l u r e .  The i n d i r e c t  o r  water g lyco l  systems, on the o ther  hand, con- 

t inued t o  e x h i b i t  problems i n  t.he same r a t i o  o r  perhaps s l i g h t l y  higher 

i n  the second sample -- i nd i ca t i ng  t h a t  these problems may not  be 

.completely understood. The a i r  systems, on the other hand, found t o  

have problems i n  the e a r l i e r  t ime frame appear . to  have been solved 

compl e te l y  . 
It was i n te res t i ng  t o  note from the Argonne study t h a t  the water 

cooled (d ra i  ndown and d r a i  nback) systems are much more suscept ib le 

t o  f reez ing problems which could occur from a va r i e t y  o f  reasons as 

shown i n  Figure 3.19. It should be noted, however, t h a t  wh i le  the 

i n d i r e c t  systems have fewer f a i l u r e  mechanisms, these systems are 

plagued by po ten t ia l  f a i l u r e s  i n  the g lyco l  concentrat ion r a t i o ,  

loss  o f  corrosion i n h i b i t o r s ,  and increase i n  pH. These g lyco l  

systems have a s i g n i f i c a n t  po ten t i a l  f o r  corrosion i n  the event 

o f  improper maintenance. 

FIGURE 3.19 



3.4.3.5 Controls: Turning next to  the control systems 
(Figure 3.20) i t  i s  noted tha t  three categories of problems can occur 
relating t o  the control system: design, sensors and defective components 
Design is the leading problem area i n  the control systems followed closely 
by sensor problems and f ina l ly  defective components were identified as a 
l e s s  serious problem area. Table 3.16 t ranslates  these fa i lures  into 
specif ic  impacts on the system which i l l u s t r a t e s  t h a t  control fa i lures  
a re  most l ike ly  t o  impact system performance although the catastrophic 
col lector  damage can be as high as 8% i n  the event of a control fa i lure .  

FIGURE 3.20 
a PROBLEM INCIDENCES 

DESIGN SENSOR POOR SEN= DEFECTIVE IMPROPER 
CALIBRATION LOCATION COY PONENT SENSOR 

INSTALLATION 

Control-System Problem Incidences , To June '78 

TABLE 3.'16 

Table 1. Listing'of Control Problems and System Effects 

Problem 
c Improper 

Calib- Defective Sensor Sensor 
System Effect Design ration Component Location Installation 

Loss of Solar (30%) 1 4 3 3 0 
Energy 
. . 

Improper Oper-(27%) 5 1 2 0 2. 
ating Mode 

- toss of ~uxi l - (16%) 4 1 0 1 0 
iary Energy 

f 

Collector (8%) 2 . 0 0 1 0 
Damage 

Spurious Pump (8%) 2 1 0 0 0 
Operation 



I n  discussions w i th  indust ry  i t  was noted t h a t  cont ro ls  have 

t r a d i t i o n a l l y  been a  f a i l u r e  prone subsystem and i t  i s  not  l i k e l y  t ha t  the 

so la r  program w i l l  f a r e  much bet ter .  Nonetheless, there are ce r t a i n  

measures which can be adopted t o  a l l e v i a t e  the problem. These measures 

i ncl  ude : 

o  improved design procedures making proper use o f  t r u t h  tables, 

re1 i a b i l  i t y  analysis and the development o f  b e t t e r  t rouble-  

shooting guides 

o  improved t es t i ng  a t  the systems l eve l  under con t ro l led  condi t ions 

o  improved fac to ry  qua1 i t y  cont ro l  t es t i ng  a t  the systems. 1  eve1 

inc lud ing  a  be t t e r  sensor c a l i b r a t i o n  check 

o  improved re1 i a b i  1  i t y  t e s t i n g  under fac to ry  condi t ions t o  i d e n t i f y  

the super ior  system components 

o  improved performance moni tor ing o f  i n s t a l l e d  systems t o  ensure 

the i d e n t i f i c a t i o n  o f  system f a i l u r e s  a t  an ea r l y  point ,  

p a r t i c u l a r l y  when i t  a f f ec t s  ea r l y  f a i l u r e  o f  major subsystems 

o  add i t i on  o f  g lyco l  monitors t o  measure concentrat ion and pH 

l eve l s  t o  n o t i f y  the homeowner o f  impending g lyco l  mix 

de f i c i enc ies '  . 

3.4.3.6 Storage: Storage problems were examined by c o l l e c t i n g  

informat ion on 21 storage problems i d e n t i f i e d  i n  the demonstration s i t e s  

(Figure 3.21 ) . The predominant f a i l u r e  mechanism i d e n t i f i e d  was loss o f  

thermal i nsu la t i on  under bur ied tank condi t ions where ground water destroyed 
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the storage tank . insu la t ion.  Design problems were i d e n t i f i e d  as the 

second most s i g n i f i c a n t  storage tank f a i l u r e .  Leaks, poor heat 

t rans fe r  and i n s t a l l a t i o n  problems were a lso noted i n  the Argonne 

study. 

3.4.4 The Sacramento Solar  Hot Water I n s t a l l e r  Survey Report 

The Ca l i f o rn i a  Energy Commission conducted a survey o f  so la r  

hot water i n s t a l l e r  serv ice c a l l s .  This Sacramento repor t  was 

pub1 i shed i n  November 1979 and i d e n t i f i e s  the frequency o f  serv ice 

c a l l  s occurr ing i n  systems i n s t a l  l ed  w i t h i n  the recent h i  s tory.  

I n  t h i s  report ,  serv ice c a l l  h i s t o r i e s  were recorded a t  the 

three month, one year and two year i n t e r va l s .  It was noted from 

the data presented i n  t h i s  repor t  t h a t  whi le many o f  the systems 

expe'rienced some minor d i f f i c u l t i e s  dur ing the three month s t a r t  up 

phase, the problems diminished r a p i d l y  thereaf ter .  Problems l i s t e d  

i n  t h i s  survey ind icated t h a t  many of the problems were f a i r l y  

minor s t a r t  up problems although one o f  the suppl iers d i d  experience 

some f reez ing problems. The problems which were i d e n t i f i e d  included; 

a i r  i n  the system, pump f a i l u r e ,  sensor f a i l u res ,  f reez ing (one 

manufacturer only) ,  leaks, and con t ro l  f a i l u res .  According t o  t h i s  
! 

repor t  most of these problems were repaired and few problems were 

ind icated beyond t h i s  i n i t i a l  three month shakedown per iod.  



CHAPTER 4 

COMPARISON OF THERMAL AND ECONOMIC PERFORMANCE FOR CONVENTIONAL 
AND SOLAR DOMESTIC WATER HEATERS 

4.0 INTRODUCTION 

This chapter  presents the  thermal and economic ana lys i s  o f  the  two 

convent ional and f i v e  s o l a r  domestic water heat ing  systems considered 

i n  t h i s  study. The thermal r e s u l t s  f o r  Washington, D.C.,. and Phoenix; 

Ar izona were ob ta ined by s imu la t i ng  the  system annua.1 performance us ing 

TRNSYS. Due t o  the  unavai l a b i  1 i t y  o f  TMY (Typ ica l  Meteoro logical  ~ e a r j  

weather tapes f o r  Denver, ~ o l o r a d o  and Los Angeles, C a l i f o r n i a  dur ing  the  

course o f  t h i s  study, the  thermal performance o f  each s o l a r  DHW system 

f o r  each o f  these two c i t i e s  was obta ined by us ing  F Chart. The 

economic performance of each system was determined w i t h  the  use o f  t he  

ECON computer program developed by S A I  which performs 1 i fe -cyc l  e cos t ing .  

4.1 DESCRIPTION OF TEST ENVIRONMENTS AND SIMULATION MODELS 

Th is  sec t i on  describes the environmental cond i t ions ,  t he  h o t  water 

load, and the  s imu la t i on  models used i n  t h e  study. 

4.1.1 Environmental Condit ions 

The S A I  mod i f i ed  TMY (Typ ica l  Meteoro logical  Year) weather tapes 

were used t o  p rov ide  hou r l y  weather data f o r  Washington and Phoenix. 

These TMY weather data were developed by Sandia Labora tor ies  under a DOE 

con t rac t .  

The monthly average water supply temperatures were used i n  each 

l o c a t i o n  and a r e  presented i n  Table 4.1 . 

4.1.2 Load Desc r ip t i on  

I n  each o f  t he  convent ional and s o l a r  DHW systems, t he  h o t  water 

d a i l y  use p r o f i l e  was based on a f o u r  person consumption o f  300 l i t e r s  



TABLE 4.1 

MONTHLY AVERAGE WATER SUPPLY TEMPERATURES 

Water Temperatures (OC) 
City J F M A M . J J A S O N D  

Washington 6 6 11 13 17 19 19 26 26 20 . I 3  8 
Phoenix 19 19 21 24 25 29 31 32 31 28 24 21 
LosAnge les  5 7 12 13 15 20 21 24 23 19 14 5 
Denver 3 3 5 9 12 16 20 19 18 13 8 4 

(80 ga l l ons ) .  The hou r l y  consumption was 'generated by us ing  t h e  Rand 

p r o f i l e ,  which d i s t r i b u t e s  t h e  h o u r l y  h o t  water consumption as shown i n  

Table 4.2 and F igure  4.1. A d e l i v e r y  temperature o f  1 2 0 ' ~  (48.9'~) was 

assumed f o r  a l l  systems i n  a l l  f o u r  c i t i e s .  The h o t  water l oad  i s  

d i r e c t l y  dependent on the  temperature r i s e  o f  t he  water from t h e  main 

supply t o  d e l i v e r y .  The monthly and annual ho t  water loads f o r  each of 

the f o u r  c i t i e s  a r e  g iven i n  ~ a b l e ' 4 . 3 .  

TABLE 4.2 

HOURLY PROFILE OF DOMESTIC HOT WATER CONSUMPTION 

Consunptton Consunption 
Ttme (Lt ters)  Time (L i te rs )  



FIGURE 4.1 

ASSWED' CONVENTlONAL AND SOLAR D E W 0  PROF1 LES , DESCRIBED I N  TERMS 
OF USE VS. T I M E  OF DAY 

TIM OF DAY, hr .  

TABLE 4.3 

MONTHLY AND ANNUAL HOT WATER LOAD (GJ)* 
L l I  1 

Month Washington, D. C. Phoenix Denver Los Angel es 
1.79 1.71 

D " 1.59 1.09 1 . I 5  

P - -  .. - -  -- 
Year 15.38 10.8' 



4.1.3 Simulat ion Models 

As mentioned e a r l i e r  i n  t h i s  chapter, TRNSYS was employed i n  

s imu la t i ng  t h e  thermal performance o f  each o f  the  water heat ing systems i n  

Washington and Phoenix and F Chart was used f o r  Denver and Los Angeles. 

The TRNSYS s imu la t i on  program was developed a t  t he  U n i v e r s i t y  o f  Wisconsin 

w i t h  support from the  Nat ional  Science Foundation (NSF) , Energy Research 

and Development Admin is t ra t ion  (ERDA) and Department o f  Energy (DOE). 

The program cons is ts  of a c e n t r a l  and a lgebra ic  solver ,  a l i b r a r y  o f  

component models, and f ron t -end sof tware which f a c i l i t a t e s  the  b u i l d i n g  

o f  system models and the  i n t e r f a c i n g  w i t h  system f o r c i n g  func t i ons  

(Weather data, e t c .  ) .  The technique i s  t o  i t e r a t i v e l y  solve t h e  s e t  o f  

simultaneous equations which descr ibe the  system a t  d i s c r e t e  i n t e r v a l s  o f '  

time, and thereby mimic the  opera t ion  o f  t h e  system on the  computer. 

Output devices such as p r i n t e r s ,  summarizers, and histogram p l o t t e r s  a l l o w  

the  user t o  "probe" system dynamics by t r a c k i n g  key s t a t e  va r iab les  and 

key energy f lows. 

The F Chart computer program i s  a s t a t e  o f  t he  a r t  method f o r  es t imat -  

i ng  s o l a r  heat ing  system performance which was a l so  developed a t  t he  

U n i v e r s i t y  o f  Wisconsin. I t  i s  based on the  F ~ h a r t ' d e s i g n  method which 

i s  t h e  r e s u l t  o f  an ana lys is  o f  hundreds o f  d e t a i l e d  computer s imula t ions  

o f  s o l a r  heat ing  systems. Most o f  i t s  s o l a r  r a d i a t i o n  data were based on 

the  SOLMET p r o j e c t  o f  t he  Nat ional  Oceanographic and Atmospheric Administra 

t i on ,  funded by DOE. Since F Chart does no t  consider p a r a s i t i c  energy con- 

sumed by pumps and c o n t r o l l e r s ,  etc., ca1 i b r a t i o n  o f  F Chart r e s u l t s  

against  TRNSYS r e s u l t s  i s  necessary. I n  t h i s  study, t h e  c o l l e c t o r  t i l t 

angle was taken t o  be t h e  same as the  l a t i t u d e .  

The economic ana lys is  i s  performed by using the  ECON computer 

program developed a t . S A I  from a DOE con t rac t  us ing l i f e  c y c l e  cos t ing  

method. The optimum c o l l e c t o r  s i z e  was determined by minimiz ing the  

present  value o f  1 i f e  cyc le  cos t  per  u n i t  energy d isplaced by so lar .  

4.2 SYSTEM DESCRIPTIONS 

Th is  study considers two types o f  conventional systems (gas and 

e l e c t r i c  heaters)  and f i v e  types o f  s o l a r  h o t  water systems ( d i r e c t  



draindown , d i r e c t  r e c i r c u l a t i o n ,  d i r e c t  dra inback,  evacuated tube 

and i n d i r e c t ) .  I n  t h e  f o l l o w i n g  paragraphs, each system i s  des- 

c r i b e d  i n  d e t a i l  t o  p rov ide  a b a s i c  understanding o f  i t s  ope ra t i on .  

4.2.1 Convent ional  Water Heaters  

The convent iona l  gas and e l e c t r i c  hea te rs  a r e  schematical  1 y shown 

i n  F igu res  4..2 and 4.3, r e s p e c t i v e l y .  Design and performance data was 

p rov ided  by Planco, I n c .  The gas hea te r  has a 40 g a l l o n  wate r  s torage 

tank  o f  50 318" h e i g h t  and 20 314" d iameter  and i t  has 314" f i b e r g l a s s  

i n s u l a t i o n  (R-3). The burner  e f f i c i e n c y  i s  taken t o  be 68%. The 

e l e c t r i c  hea te r  has a s to rage  tank  of 52 g a l l o n  c a p a c i t y  (55 114" 

h e i g h t  and 21 3/4" d iameter )  and i t  has  1 3/4"  f i b e r g l a s s  i n s u l a t i o n  

(R-5.5.). The e l e c t r i c  hea te r  element . e f f i c i e n c y  i s  assumed t o  be 98%. 
Storage 1osses.were a l s o  cons idered i n  t h e  a n a l y s i s .  

FIGURE 4.2 - SCHEMATIC OF GAS 

WATER HEATERS 

FIGURE 4.3 - SCHEMATIC OF 

ELECTRIC WATER 

HEATERS 



4.2.2 So lar  Water Heaters 

The d i r e c t  draindown, d i r e c t  drainback, d i r e c t  r e c i r c u l a t i o n ,  

i n d i r e c t ,  and evacuated tube s o l a r  water heat ing  systems considered 

i n  t h i s  s tudy were schemat ica l l y  shown i n  Chapter 3, F igure  3.4. 

Representat ive commercial systems were se lec ted  from the  s o l a r . h o t  

water system supp l i e rs  l i s t .  These se lec t i ons  were made on t h e  bas is  

of q u a l i t y  and completeness o f  systems data. 

TABLE 4.4 

COLLECTOR PERFORMANCE CHARACTERISTICS* 

Co l l  ector2Area/modul e  T u 
( f t  ) a F '  ~ t u / h C - f t ~ - O ~ )  

Dra i  ndown 1  7.94 .9 .95 .95 1.13 
I n d i r e c t  17i.:06 .91 .95 .95 1.02 
Drainback 16.99 .9 .9 .95 .70 
Reci r c u l  a t i  on 29.2 .9 .9 .95 1.38 
Evac. tube 16 .92 .86 NA .25 

* In fo rmat ion  c o l l e c t e d  from product  l i t e r a t u r e  and telephone 

contac ts  w i t h  companies producing t h e  systems. 

The f i r s t  f o u r  gener ic  systems used f l a t  p l a t e  s o l a r  c o l l e c t o r s  

having c o l l e c t o r  c h a r a c t e r i s t i c s  as summarized i n  Table 4.4. The 

d i r e c t  systems (draindown, drainback and r c c i r c u l  t i t i on )  use a d i f f e r e n -  

t i a l  c o n t r o l l e r  t o  ac tua te  the c o l l e c t o r  pump according t o  the  preset  

c o n t r o l l e r  deadband temperatures ( i n  Table 4.5).  

TABLE 4.5 

CONTROLLER DEADBAND TEMPERATURES 

System Type 

Dra i ndown 9  3 .  
I n d i r e c t  12 3 
D ra i  nback 17 3  

9  3  R e c i r c u l a t i o n  



The three direct  systems use different  methods of freezing pro- 

tection. In the recirculation system, the collector loop pump re- 

c irculates  water whenever the ambient temperature i s  less  than 40'~. 

In the draindown system, water in the collector and piping i s  discarded 

by drain valves whenever the collector pump i s  o f f .  In the drainback 

system, water i s  drained from the collector to  the storage tank when 

the coll ector 1  oop pump i s  o f f .  

The indirect system has two heat exchangers immersed in the 

storage tank. The effectiveness of the heat exchangers i s  50%. For 

freeze protection, propylene glycol i s  used as the collector f lu id .  

A proportional controller energizes the collector loop pump when the 

col 1 ector out le t  exceeds the tank temperature by 1 2 ' ~  and de-energi zes 

i t  when th i s  different ial  i s  less  than 3 '~ .  In addition, the pump 

flow ra te ,  until  the maximum flow ra te  i s  reached, i s  direct ly  pro- 

portional t o  thi  s  temperature different ial  . The pumping power i  s  

l inear ly increased from 76 to  98W with the temperature different ial  

up  t o  the maximum value of 98W. 

Each of the above four systems has an 82 gallon storage tank 

(height t o  diameter r a t io  of 1.7) with three inches of fiberglass 

insulation (R-12). 
In the evacuated tube system, the col lector  loop pump i s  on 

when the col lector  out le t  temperature i s  greater than or equal to  

180°~,and f lu id  i s  circulated i f  the collector out le t  exceeds the 
storage tank temperature by 10'~. This system has a  42 gallon 

storage tank (34.5 inches high, 26 inch diameter) with three 

inches of f iberglass  insulation (R-12). 

All systems have a  40 gallon back up  tank of 45 3/8" height 

and 21 314" diameter and three inch f iberglass  insulation (R-12). 

The thermostat and auxiliary heating element are assumed to be 

located near the top of the back u p  tank t o  prevent the delivery 
temperature from dropping below 120'~ (43.3'~).  In performing 

TRNSYS simulations, each tank was assumed to have three s t ra t i f ied  

layers. 



T h e  pump and c o n t r o l l e r  power consumption can reduce t o t a l  

energy savings and the re fo re  becomes a s i g n i f i c a n t  f a c t o r  i n  

assessing system performance. 

Energy consumption f o r  each system i s  summarized i n  Table 4.6. 

TABLE 4.6 

PARASITIC ENERGY USAGE RATE FOR SOLAR HOT WATER SYSTEMS 
PUMP I NG CONTROLLER VALVE 

SYSTEM POWER POWER POWER 

(W) . ( W )  (W) 

Drai ndown 
I n d i  r e c t  
Drai  nback 
R e c i r c u l a t i o n  
Evac. tube 

4.3 THERMAL ANALYSIS 

The thermal performance o f  each s o l a r  ho t  water system was 

s imulated f o r  Washington and Phoenix us ing  TRNSYS. For Denver 

and Los Angeles, t he  r e s u l t s  were obta ined us ing  F Chart and were 

mod i f ied  t o  account f o r  p a r a s i t i c  energies. Thermal r e s u l t s  were 

obta ined for each system us ing  one, two and th ree  c o l l e c t o r s .  The 

l i f e  cyc le  cos t  o f  each system s i z e  (one, two and th ree  c o l l e c t o r s )  

was determined based on the  a u x i l i a r y  energy requirement, t he  

economic f a c t o r s  descr ibed i n  t he  nex t  sect ion,  and the  system 

c a p i t a l  cos t .  Optimum s i z e  was obtained by min imiz ing  t h e  l i f e  

c y c l e  cos t  per  u n i t  o f  energy d isp laced.  The thermal r e s u l t s  pre- 

sented i n  t h i s  sec t i on  a re  f o r  t he  optimum systems. 

4.3.1 Fuel Requirements f o r  Conventional Water Heaters 

Annual fue l  requirements f o r  t h e  convent ional  gas and e l e c t r i c  

water heaters i n '  a l l  f o u r  c i t i e s  are  presented i n  F igure  4.4. 

E l e c t r i c  res i s tance  'heat ing and e l e c t r i c  p a r a s i t i c  losses are  a1 SO 

computed a t  t he  power p l a n t  cons ider ing  33% conversion e f f i c i e n c i e s  

i n  o rder  t o  i l l u s t r a t e  t o t a l  energies saved. 



FIGURE 4 .4  

Washington Denver Phoenix Los Angele; 

CONVENTIONAL HOTWATER SYSTEMS 

ANNUAL FUEL USAGE: GAS L ELECTRIC 

4.3.2 Thermal Results for  Solar Hot Water Systems 

This section presents the thermal performance of the f ive  solar 
domestic hot water systems considered in thi;  study for  Washington, 
Denver, Los Angeles, and Phoenix. Performance resu l t s  include energy 
displaced with and without parasi t ic  energies, thermal and system 
eff ic iencies ,  gross and net solar  f ract ions,  and system COP.  Ther- 

mal efficiency i s  the solar energy delivered t o  the load divided 
by the solar  insolation. System efficiency i s  thermal efficiency 

less  the parasi t ic  energy divided by to ta l  solar insolation inci- 
dent on the collector.  Gross solar fraction i s  the f rac t ion  of the 

thermal load met by solar.  Net solar fraction i s  l e s s  than gross 

solar fraction by an amount equal t o  the parasi t ic  energy divided 
by the thermal load. Subsequently. system COP i s  the solar energy 

delivered t o  the load divided by the operating energy (paras i t ic  
energy fo r  pump, control ler ,  e t c . ) .  



.Mon th l y  i n s o l a t i o n  va lues.used i n  t h i s  ana l ys i s  i s  tabu la ted  

i n  Table 4.7. Month ly  and annual s o l a r  i n s o l a t i o n  f o r  t h e  f o u r  

c i t i e s  i s  compared. ~ o t e  t h e  low s o l a r  i n s o l a t i o n  f o r  Washington, 

D.C. and n e a r l y  equal values f o r  Phoenix and Denver. 

TABLE 4.7 

SOLAR INSOLATION 

Phoenix Denver Los Angel es Wash. ' DC 

So la r  I n s o l a t i o n  (GJIM') 

January 0.56 0.61 . ,  0.49 0.30 

February 0.60 0.61 0.52 0.35 

March 

Ap r i  1 

May 
June 

J u l y  

August 

September 

~ c t o d e r  

November 

December 

Year 

I Thermal r e s u l t s  were computed us ing  these i n s o l a t i o n  values 

1 and' a re  summarized f o r  each generic type i n  each c i t y  us ing  t h e  

I format shown i n  Table. 4.8. The remaining c h a r t s  a re  inc luded i n  

Appendix V .  
TABLE 4.8 

THERMAL PERFORMANCE 
CITY: Ysshtngton, O.C. 
SYSTM: Dlrect  drain-down (5 m2) 

E lec t r tca l  Energy 
Displaced (GI) Solar 

aras t cs aras t cs T h e m 1  System Fractton % System 
* a t h  :t tn:l:ded 'Inc1:d:d Efftctency Efftctency - COP 

J . I 50  ,701 .455 .425 44.9 42.0 15.8 
F .753 ,704 .443 .414 49.8 46.7 15.4 
I4 1 .W1 .938 .417 .391 67.6 63.4 15.9 
A 1.086 1.018 .418 .392 80.4 75.4 16.0 
n 1.065 .990 .380 .354 85.9 79.8 14.2 
J 1.070 .995 .369 .343 94.7 . 88.1 14.3 
J 1.083 .998 .394 .363 92.6 85.3 12.7 
A .755 .683 ,256 .232 84.8 76.7 10.5 
5 .el5 ,755 .333 .308 94.8 87.8 13.6 
0 .860 ,802 ,391 .365 76.1 71.0 14.8 
N .712 ,660 .432 .400 52.7 48.9 14.6 
D .619 .574 .459 .. .425 38.9 36.1 13.e '  

year "0.69 9.94 .391 . 1 4 .  69.5 64.6 14.3 



The resu l t s  are compiled i n  the bar chart ,  Figure 4.5.  Elec- 
t r i ca l  energy displaced per unit area of collector i s  a1 so 
presented. 

F I G U R E  4.5 

COMPARISON OF THERMAL PERFORMANCE 

------ PAIIASITIC ENERGY INCLUDED 
. . .  . - .  . . .  

"z3 COLLECTORS 
a*. COLLECTORS . ' 

Note: Collector performance differed for  a l l  systems with the 
indirect systems having the highest f l a t  plate efficiency. 
This indirect  system also uses a higher performance pro- 
portional controller.  The indirect system was also the 

most expensi-ve. 

The evacuated tube system had the  highest BTU displaced per 

square foot of collector area not considering parasi t ic  ene'rgy. This 

i s  also t rue for  thermal efficiency. When paras i t ics  are included, 

the net energy, displaced was similar for  a l l  b u t  the recirculation 



system. T h i s  r ec i rcu la t ion  system performed l e s s  favorably in the 

colder environments of Washington, D .C .  and Denver. 

The ind i rec t  system benefited from be t te r  co l lec to r  performance 

than the  other  three f l a t  p la te  systems and a lso  used a proportional 

con t ro l le r .  When a lower performing co l lec to r  and a d i f fe ren t ia l  

con t ro l le r  was subst i tu ted i n  the ind i rec t  system, the  thermal 

performance of t h i s  ind i rec t  system was reduced 30% (as  can be 
seen in Table 4.9).  

,TABLE 4.9 

Sens i t i v i t y  Tests  f o r  the Indirect  

System in Washington, D . C .  with a 

Water Heating Load of 15.38 GJ/year 

Comparing.the thermal output f o r  the four c i t i e s ,  a  so la r  hot 

water system i n  Denver provided the  best  performance due t o  the  larger  

water heating load (17.5 GJ per year)  and high so la r  insolat ion (8.3 
2 GJ/m per year ) .  The energy displaced per u n i t  area of co l lec to r  f o r  

Net . 
Solar 

Fraction 
( % I  

63.5 

53.8 

46.3 

each so la r  hot water system was about 60% higher i n  Denver than t ha t  

i n  Washington, D . C .  

I 

Control l e r  
TY pe 

Proportional 

Differential  

Differential  

Los Angeles demonstrated the  second 'bes t  c i t y  performance be- 
2 cause i t  a l so  had high insola t ion (7.2 GJ/m per year)  and a high 

Pa ra s i t i c  
Energy 

(GJ) 

0.817 

1.313 

1.063 

water heating load (1 5.7 GJ per year ) .  
2 

Though Phoenix has the  highest so l a r  inso la t ion ' (8 .6  GJ/m per 

Gross 
Solar 

Fraction 
( % )  

68.8 

62.3 

53.2 

Coll ec tor  
Character is t ics  uxi 1 i ary 

F '  k T g 

year ) ,  i t  i s  not the  best c i t y  f o r  so l a r  water heating i n  terms of 

.95, .95 .91 20.8 
. . 

.95 .95 .91 20.8 

.95 .90 .90 28.2 

energy displaced per un i t  cdl l e c to r  area o r  system COP. This i s  due 

t o  the  low water heating load (10.8 GJ/year) i n  Phoenix where c i t y  

4.8 

5.8 

7.2 

water temperatures' a r e  high. 



The water heating load in Washington, D . C .  i s  about the same 
as that  in Los Angeles, b u t  i t  has much less  sunshine (only 5.4 GJ/ 
2 m per year) and has a lower annual temperature. Therefore, the 

thermal performance of a solar  hot water system in Washington i s  

poorer than tha t  in Los Angeles. 

Note that in Figure 4.5, the energy displaced per square foot 

of collector of the recirculation system in Los Angeles i s  compara- 

t ive ly  lower than tha t  in other c i t i e s .  The explanation for th i s  i s  

that i t  uses three collectors compared t o  two collectors i n  the 
other three c i t i e s .  The values of gross energy displaced by two 

and three collectors are  12.0 GJ and 14.7 GJ, respectively. There- 

fore,  they are not l inearly proportional to  the col lector  areas. 

A s a  matter of f ac t ,  the system employing two collectors could have 

been chosen because the present values l ife-cycle costs for  two 

and three collectors are very close. 

System COP measures the solar energy delivered to  the load 
per unit of operating energy. In general, the d i rec t  draindown 

and indirect systems had the highest annual COP because of good 

thermal efficiency and low parasi t i c s .  The thermal performance 
and system C O P ' S  are summarized in Table 4.10. 

Difficulty was encountered during the calibration of F Chart 

resu l t s  for  the recirculation system in Denver. Since the ca l i -  

bration makes use of the TRNSYS . simulation . resu l t s  in Washington, 

D.C.  and Phoenix, the e f fec t  of recirculation in Denver could not 

be accurately determined. 

In Phoenix, almost no recirculation of the recirculation sys- 
tem was necessary because the ambient temperature rarely f a l l s  
below the 4 0 ' ~  recirculation se t  In Washington, recircula- 

tion does not lose much' heat because the storage tank i s .  cold 
and the recirculation system i s  s t i l l  reasonable. However, the 

situation i s  somewhat different  in Denver as the storage tank may 

be very warm a t .n igh t  when the ambient i s  freezing. 



The e f f e c t  o f  r e c i r c u l a t i o n  on t h e  system pe r fo rman~e  i n  Denver 

cou ld  have been determi ned more accu ra te l y  b.y .us ina TRNSYS, hu t  

s ince  a r e c i r c u l a t i o n  system i s  n o t  a aood s e l e c t i o n  fnr nenver, 

t h i s  exe rc i se  would n o t  be wor thwhi le .  

TABLE 4.10 

ANNUAL SOLAR HOT WATER SYSTEM PERFORMANCE 

GJ THERMALIGJ PARASITIC 

D i r e c t  D i r e c t  Di r e c t  - -~ 

Reci r c .  D ra i  n b a ~ k  Dra i  ndown I n d i r e c j  Evac. Tube 
( 6 3 . 6 f t  ) ( 58 .5 f t  ) (58 .5 f t2 )  ( 5 5 . 8 f t  ) ( 5 8 f t 2 )  

COP 16 6.5 19 ' 17.8 5.6 

LOS Angeles 14.7/1.4 12.611 ,9 13*5/.8 13.7/.9 11 .3/1, 

COP ' 10.5 14 16.9 15.2 5.9 

Phoenix 10 .01 .~  10-5/2,0 10-4/ .8  10.3/.8 9 m 0 / ~ . 6  

COP 10.3 4.5 13 13 3.8 

Washington 9.111 .2 1O.9l1 .7 10.7/.7 1o06/ ,8 9.31~. 1 

COP 8 5.7 '1 5 1 3 .  3 . 3  

Annual So la r  F rac t i on - -% 

Phoenix 8 5 7 8 88 

Los Angeles 85 6 8 81 

Denver 6 9 7 5 83 

Washington 51 59 65 



4.4 ECONOMIC ANALYSIS 
The economic analysis of the domestic hot water systems can be 

analyzed on the basis of capital cost ,  monthly cash flow or l i f e  
cycle cost .  The most appropriate measure will d i f fe r  f o r  each buyer 
and ' his level of financial sophistication. The homeowner will often 

purchase on the basis of f i r s t  cost and can be sold on the basis of 
monthly cash flow, but rarely will consider l i f e  cycle cost.  I t  i s  

usual ly the financial cornmuni ty that  considers 1 i f e  cycle cost .  

4.4.1 Relevant Cost Elements 
In conducting these cost analyses the following system cost 

elements must be included: 

o System acquisition costs - i n i t i a l  investment 
costs including design, delivery, ins ta l la t ion ,  
value of system and tax credi t s  (negative) 

o System repair and maintenance costs - cost of 
repairing or replacing system parts;  exclusive 
of routine maintenance 

o Maintenance costs - cost of routine upkeep; main- 

tenance,.labor, and parts 

o Operating costs - cost of a l l  funds used in oper- 
ating the system; including primary and auxiliary 
equipment 

o Insurance costs - cost of insuring the system 

o Tax costs - federal /s ta te  income tax reductions 
due to  in te res t  paid 

4.4.2 General Economic Factors 
To calculate the above cost elements, a number of general 

economic factors  must also be determined and/or assumed. The 

factors  include the fol lowing general ra tes:  
1 

@, o Annual discount 

o General inf lat ion 

o Fuel inf lat ion 



In addi t ion,  there  a re  several s i t e l u s e r  spec i f i c  fac to rs :  

o I n t e r e s t  r a t e  

o Fuel cos t  

o Federal ls ta te  income tax r a t e  

Table 4.11 presents the  economic f ac to r s  which were used f o r  

a l l  systems in  a l l  four  c i t i e s .  

TABLE 4.1 1 

LIST OF ECONOMIC FACTORS 
USED IN ANALYSIS 

Factor Value 

General In f la t ion  Rate 0.075 

Maintenance Cost ,5% annual l y  

Down payment 20% 

Fuel Escalation Rate: 

Ga s 12% annually 

ETectrici t y  10% annually 

*Tax Credit :  

Current Tax Credit  (Federal and S t a t e )  Differs by s t a t e  

Proposed Tax Credit  (Federal and S t a t e )  Differs by s t a t e  

Market Discount Rate 8.5% 

In t e r e s t  Rate: 

Home Mortgage 8 30 years 11 % 

Low In t e r e s t  Loans with reduced matur i t i e s  
(112 home mortgage @ 12 years assumed) . 5.5% 

Improvement Loan @ f i v e  years 22% 

* Can be applied as  an " i n s t a t e  t ax  credit ,"  o r  a s  a 
"deferred tax  c r e d i t  . " 



Deferred - Tax Credit -- tax credi t  recovered a t  the 
end of the f i r s t  year 

Instant - Tax Credit -- tax credi t  a t  the same time 
when solar  system i s  instal led 

Federal tax c redi t s  fo r  instal l ing solar heating and cooling 
systems are  available,  as well as s t a t e  tax credi t s ,  in varying 
amounts. In th i s  study the "current tax credi t"  (Federal and 
s t a t e )  was assumed to be 30% of the i n i t i a l  investment. The 
proposed tax credi t  varies by s t a t e ;  the Federal c redi t  i s  
being increased to  40%; and s t a t e  credi t  ra tes  can be up  t o  

30% additive to  Federal ra tes  (e . g . ,  Colorado). 
A concept of instant tax c redi t s  and deferred tax credi t s  

was introduced for t h i s  study. The instant tax c redi t s  reward 
the.  purchaser w i t h  the tax refund a t  the instant  (year 0)  the solar 
system i s  ins ta l led .  In the deferred tax credi t ,  tax c redi t  i s  
recovered a t  the end of the f i r s t  year. Therefore, the instant  

tax credi t  can be applied to the,downpayment and resu l t s  in a 
smaller loan than the deferred tax credi t  method. 

4 .4 .3  System Related Economic Parameters 
There are two types of system related economic parameters. 

They are fuel costs and equipment/installation costs.  
Based on the fuel ra te  schedules (presented in Figure 4.6)  

and the monthly heating and hot water load i n  each c i t y ,  the 
yearly average fuel costs for  gas and e l e c t r i c i t y  were calculated. 
These are presented in Table 4.12. Fuel rates  can d i f f e r  widely 

within a u t i l i t y  region depending on urban proximity, u t i l i t y  
l ine  construction, season and other factors .  A typical si tuation 
was used i n  t h i s  study. In certain c i t i e s  f l a t  ra te  structures 

a re  used for  e i ther  gas or e l ec t r i c  and these rates  are  not 
plotted. 



FIGURE' 4.6  

SEASONAL GAS AND E L E C T R ~ C  RATE SCHEDULES FOR DENVER, 

LOS ANGELES, PHOENIX, AND WASHINGTON, D.C. 
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FIGURE .4.6 

(continued) 
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FIGURE 4.6 

(cont inued) 
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1980 FUEL COST* ($/GJ) 

City Gas - Elec t r i c i t y  

Washington, D . C .  3.45 12.12 

Bhoeni x 2,61 12.18 

Denver 2.33 15.98 

Los Angeles 2.89 15.98 

*Cal cul ated from r a t e  schedul es  presented 

i n  Figure 4.6. 

The cost  of generating e l e c t r i c i t y  i s  very s i t e  spec i f i c  de- 

pending on the fuel t ha t  i s  used. Table 4.13 summarizes the per- 

centages of various fuel types t h a t  a r e  used in e l e c t r i c  generation 

fo r  the  four c i t i e s  considered in the  analysis .  These data a r e  a l so  

useful i n  determining the  so la r  value of so la r  displaced imported 

fue l s ,  e .g . ,  e l e c t r i c i t y  i n  Phoenix or  Los Angeles has a higher 

usage of o i l  and gas than Denver or  D . C .  and therefore so la r  has 
a higher social  value. 

TABLE 4.1 3 
r 

FUEL BASIS FOR GENERATION OF ELEC- 
TRICITY IN FOUR CITIES 

% Generation by Fuel Type 
Fuel Type Phoenix L . A .  Denver D .  C .  

Oi 1 10.0 0.1 14.7 

Gas/Oi 1 48.4 37.7 11.3 

Gas 1.1 4.1 0.7 

Coa 1 41.3 43.0 13.3 53.4 

Coal /Oi 1 31 .'2 

Coal /Gas 44.7 

Hydroelectric 0.2 18.3 13.9 

Nuclear 12.6 

0 The in s t a l l a t i on  cos t s  o f  the conventional and so l a r  water 

heating systems a r e  given i n  Table 4.14. No s i t e  spec i f i c  labor 

cost  was considered. All costs  are  in 1980 do l la r s .  



TABLE 4.14 
CONVENTIONAL AND SOLAR HOT WATER SYSTEM 

Conventional Gas 

CAPITAL COST 

System Col lector  
Cost ( $ 1  Cost ($/Col 1 ec to r )  

240 - 
Conventional Electr ic i ty  240 - 
Draindown ( 3  col 1 ectors)  2450 440 
Recirculation ( 2  col lectors)  2775 , 550 
Evacuated Tube ( 3  col 1 ectors)  2495 
Drainback ( 3  col 1 ectors)  2488 
Indirect ( 3  col lectors)  3052 300 

4.4.4 Economic Resul t s  
The monthly cash flow and present value analysis are  presented 

in t h i s  subsection. Monthly cash flows were analyzed for  each of 
the f ive  solar  water heating systems and conventional water heaters 
using d i f fe rent  methods of financing. Costs are presented in present 

values discounted back to  1980. The cost in year 0 consisting of 

the downpayment and instant  tax c redi t  are B not shown. A sample 

Table for  Washington, D.C. i s  shown in  Table 4.15 ( a l l  the Tables 
for  each generic type in the four c i t i e s  i s  ineluded i n  / $ y t . ~ ~ d i x  VI .) 

, For deferred. tax c redi t s ,  the cash flow in the f i r s t  year i s  negative 
because i t  i s  assumed that  the tax credi t  i s  recovered a t  the end of 
the f i r s t  year and i t  i s  a negative,cost.  For a given type of loan, 

therefore, the higher the tax credi t  ra te  the larger the negative 
'cost. 

Without tax credi t s ,  the cash flows fo r  deferred tax credi t  
and instant  tax credi t  are  the same. 

Comparing f ive year home improvement loans to  twelve year low 
in teres t  loans (Solar Bank perhaps -- for  purposes of t h i s  study 
Solar Bank will be used t o  describe a low in teres t  loan),  i t  can be 

seen tha t  a f t e r  year 12, they have the same cash flow because the 
loan i s  already paid off and i s  no longer a constituent of the cash 
flow. 



T A B L E  4.15 ECONOMIC A N A L Y S I S :  

COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIQ~~AL AND SOLAR DHW HEATERS 
COMSIDERING~'CURRENT AND FUTURE FINANCING 'SCENARIOS. 

SYSTEM: .DIRECT DRAINo- CITY: URISHINGTON, DIG* 
IMPROVEMENT LOAN: 2 2 % ;  5 years 
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A comparison o f  t he  f i v e  s o l a r  ho t  water systems aga ins t  

convent ional e l e c t r i c  .and gas water heaters i n d i c a t e s  t h a t  the  

d i r e c t  drainback evacuated tube systems prov ide  t h e  most energy 
2 per  ft i n  a l l  o f  t he  f o u r  c i t i e s .  When i n c l u d i n g  p a r a s i t i c  losses 

a l l  types, b u t  t he  r e c i r c u l a t i n g ,  have s i m i l a r  n e t  energies d isp laced 

and economics. 

A p l o t  o f  month ly  cash f l o w  versus years i s  made i n  F igure  4.7 

f o r  convent ional  water heaters and the  d i r e c t  draindown s o l a r  ho t  

water system i n  Denver us ing  i n s t a n t  tax  c r e d i t  r a t e s  o f  30% and 

70%. These curves i l l u s t r a t e  the heavier  cash f l o w  f o r  the  sho r te r  

term home improvement loans. Note t h a t  f o r  an improvement loan, 

the cash f l o w  of t he  s o l a r  system becomes l e s s  than t h a t  o f  the  

gas water heater a f t e r  year f i v e .  A sudden decrease i n  cash f l o w  
@ from year f i v e  t o  year  s i x  i s  expected because the  loan i s  pa id  of f  

FIGURE 4 .7  
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a f t e r  f i v e  years. For home mortgages w i t h  an i n s t a n t  t a x  c r e d i t  

r a t e  o f  30%, t h e  month ly  c o s t  o f  the  s o l a r  system always exceeds 

t h a t  of  the  gas water heater .  With a 70% tax  c r e d i t  r a t e ,  t h e  

cash f l o w  of t he  s o l a r  system i s  l e s s  than t h a t  o f  t he  gas water 

heater  a t  year e i g h t  and a f t e r .  

' 4.4.5 S e n s i t i v i t y  Study 

The above r e s u l t s  a re  f o r  t he  base case economic f a c t o r s  

described i n  subsect ion 4.4.1. However, i f  these economic f a c t o r s  

change, then the economics o f  the  s o l a r  and convent ional water 

heaters w i l l  a1 so change. Th is  subsect ion presents the  r e s u l t s  

of a s e n s i t i v i t y  study on some o f  these f a c t o r s .  

Table 4.16 ( inc luded i n  Appendix V I )  compares the  monthly 

cash f low o f  a draindown so la r  h o t  water system w i t h  home mortgage 

i n t e r e s t  r a t e s  o f  16% aga ins t  convent ional  gas and e l e c t r i c  

heaters i n  Denver us ing  a de fer red  t a x  c r e d i t .  S i m i l a r l y ,  r e s u l t s  

f o r  an i n s t a n t  t a x  c r e d i t  are shown i n  Table 4.17 ( i nc luded  i n  

Appendix V I ) .  We see t h a t  i nc reas ing  t h e  i n t e r e s t  r a t e  from 

11% t o  16% has l i t t l e  i n f l u e n c e  on conyent ional  water heaters 

(gas os e l e c t r i c )  which a re  cheap t o  i n s t a l l  ( o n l y  $240). However, 

i t  increases the monthly cash f l o w  o f  t h e  s o l a r  h o t  water system 

i n  the  f i r s t  year  by about 20% and i n  the  t w e n t i e t h  year  by about 

10%. 

Tables 4.18 and 4.19 ( i nc luded  i n  Appendix V I )  compare the  

cash f l ows  o f  a market d iscount  r a t e  o f  8.5% t o  0% discount  r a t e .  

Note t h a t  w i t h  a zero d iscount  r a t e  t h e  cash f l o w  increases r a p i d l y  

w i t h  t ime due t o  i n f l a t i o n .  

(Please see fo l l ow ing  pages f o r  Tables 4.16 

through 4.19) 



YEAR 

COMPAR-TSON OF MONTHLY CASH FLOW FOR CONVENTIONIL kND SOLAR DHW HEATERS 
CONSIi U N G  CURRENT AND FUTURE FINANCING SCENAIi 
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TABLE 4.17 ECJNOMIC ANALYSIS: 

COMPARISON OF MONTHLY CASIl FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 

CITY: DENVER SYSTEM: DIRECT DRAIN-DOWN 
IMPROVEMENT LOAN: 22%; 5 years 
HOME MORTGAGE: 16 %; 30 years 'OUR SYSTEM SOLAR BANK: 5.5%; 12 years 
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' :T COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. DISCOUYT RATE 0 

CITY: DENVER 

CONVENTIONAL 
SYSTEMS 

SYSTEM: DIRECT DRAIN-DOWN 
IMPROVEMENT LOAN: 22%; 5 years 

SOLAR SYST3M HOME MORTGAGE: 16 %; 30 years 
SOLAR BANK: 5.5%; 12 years 

I 

:, 7 :, ', 59 :5$ 26 :44 
.?,.I, - . G1.,.'+8 . - .  '1.. . 27 

64..97. :..:. ':' ..>,- 
- -  - .  Ld ..41 

69 .. 1.3 - ;-;.'4 '..".I . . 'q .&2 
L ; r 

74..08 - .::#-I 7;:; 3il..85 

1.3.'1.13 . i . :  :32..1.9 
4 - 2 2  ..:..s , - a-1:- 33..G1. 
1.5.'44 ::A .::,-, 35: 1.5 
.If3 ;77 :: 4 .7 .2 + . .- .- 

.-a -1 . dd 
. 1.8 ..2;2 .:, 7 T.. 2. 38 ;&3 - L . 1 .  

. 1.9:79 .:, :. 7 ,  :. 4 0 :58 ' , , .  . .  . 
-2 1. ..SO !-I 42 .-68 
-23.96 .$::, : : -7  .23 :3& 
.25 -39 -' .. .25;34 

4 -: .: 
27 ..6 O 4 7 ;:: !-I .27 ..6 0 
:30-.00 7,2 :3I:I:01j 
32 ..e;;! 

c -  - -  ?' C C -  .8;2 
35 -47 I -: ;-,.-I 

c  = 7 .:. 
:35 :47 

38 ..57 I : . I . 38 ..57 
s; ..> 3 1, 

.4 1. :45 ,- . ,. - 
: - -8 ' .. .' 4 1. -95 

I . .  . .  . 

.':a " 8  .-. . . 
.2. 9 :-, :; .. ., 

:"=: 1. ,, .2 :-I 
::m ,:a -7 .q .... _ ., ' 

:'I "J " ..r 
8 8 

,=*a .:a :. 
! .  S b . .  

.=IS ,5 - 
'3 7 3 .I, . .. I... .I 

.- -. 'Z. &, !-I 
! _ . . I  

:! !-I !-I 2 
.:: * 7 .- 

0 !-: 
.:; .:: 4 .-, 
:a f? .:: ':. 7 

0 .5-4 
.:; ,3 .=: 5 
j 3 , :: 7 

j g ? ,:. 

4 :: i . . 
5' J! 
5 =, .-I ,-, 

CURRENT TAX CREDITS: 30% OF IFVESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 



YEAR 

TABLE 4.19 ECONOMIC ANALYSIS: I 
COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. D1SCO:lNT RATE=n.n85 
CITY: DENVER SYSTEM: DIRECT DRAIN-DOWN 

IMPROVEMENT LOAN: 22%; 5 years 
HOME MORTGAGE: 16 %; 30 years SYSTEM 
SOLAR BANK: 5.5%; 12 years 
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Table 4.20 g ives  the  monthly cash f low,  assuming t h a t  the  

convent ional gas water heater  i s  t o  be replaced i n  years e i g h t  

and ten, and the  e l e c t r i c  water heater t o  be replaced i n  year 

twelve. The replacement o n l y  a f f e c t s  the  cash f l o w  i n  the  years 

a t  which the  water heater i s  replaced. I t  increases the  cash 

f l o w  o f  t he  e l e c t r i c  water heater  by about 50% i n  year twelve.  

For t he  gas water heater,  replacement r a i s e s  the  cash f l o w  by 

about th ree  t imes i n  years e i g h t  and s ix teen.  

F igures 4.8 through 4.11 present  the  present  values o f  l i f e  

cyc le  cos t  versus tax  c r e d i t  r a t e  (de fe r red  tax  c r e d i t )  f o r  t he  

draindown s o l a r  ho t  water system i n  Washington, Phoenix, Denver 

and Los Angeles, respec t i ve l y .  I t  can be seen t h a t  f o r  a l l  t a x  

c r e d i t  r a tes ,  home mortgage has the  lowest  l i f e  cyc le  cos t  and 

improvement loan has the h ighes t .  Even w i t h  a de fer red  tax  c r e d i t  

r a t e  o f  70%, the  s o l a r  system.cannot compete w i t h  the  convent ional 

gas water heater.  
FIGURE 4.8 
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TABLE 4.20 ECONOMIC ANALYSIS  : 
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FIGURE 4.9 

LOS ANGELES DRAINDOWN 

FIGURE 4.10 

PHOENIX DRAINDOWN 



I n  Washington t h e  p resen t  va lue  o f  l i f e  c y c l e  c o s t  o f  t h e  

s o l a r  wa te r  h e a t e r  w i t h  home mortgage l o a n  i s  equal t o  t h a t  o f  a  

conven t iona l  e l e c t r i c  wa te r  h e a t e r  when t h e  t a x  c r e d i t  r a t e  i s  

5%. For  s o l a r  bank and improvement loans,  t h i s  occurs when 

t h e i r  t a x  c r e d i t  r a t e s  a r e  12% and 50%, r e s p e c t i v e l y .  I n  Phoenix, 

I 
t he  s o l a r  system equa l i zes  t h e  convent iona l  e l e c t r i c  hea te r  a t  

I r n  

t a x  c r e d i t  r a t e s  o f  12%, 20% and 55% f o r  home mortgage, s o l a r  

bank and improvement loan ,  r e s p e c t i v e l y .  I n  Denver o r  Los 

Angeles, t h e  l i f e  c y c l e  c o s t  o f  t h e  s o l a r  system i s  l e s s  than 

t h a t  o f  a  conven t iona l  e l e c t r i c  h e a t e r  even w i t h o u t  t a x  c r e d i t .  



Figures 4.12 through 4.23 are  p l o t s  o f  monthly average cos t  

versus tax  c r e d i t  r a t e  w i t h  i n s t a n t  tax  c r e d i t  aga ins t  de fer red  

tax  c r e d i t .  The month ly  average cos t  i s  dete'rmined from the  

annual cos t  which i s  g iven by: 

' PVF d ( l+d ) "  n  = pe r iod  o f  
economic 
ana lys i s  (10 ) .  

An i n s t a n t  t ax  c r e d i t  i s  rece ived a t  year  0 and, there fore ,  

i t  needs a  smal le r  loan than a  defer.red t a x  c r e d i t .  These f i g u r e s  

demonstrate t h e  s i g n i f i c a n t  advantage o f  i n s t a n t  t ax  c r e d i t  over 

de fer red '  t ax  c r e d i t  . 

FIGURE 4.12 

VARIATION OF DISCOUNTED AVERAGE MONTHLY 

COST WITH TAX CREDIT 



FIGURE 4 . 1 3  

COST WITH TAX CREDIT 

FIGURE 4.14 

VARIATION OF DISCOUNTED 'AVERAGE MONTHLY 

COST WITH TAX CREDIT 



FIGURE 4 . 1 5  

VARIAT ION OF DISCOUNTED AVERAGE MONTHLY 

COST WITH TAX CREDIT 
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FIGURE 4 . 1 6  

VARIAT ION OF DISCOUNTED AVERAGE MONTHLY 

COST WITH. TAX CREDIT 



FIGURE 4.17 

VARIATION OF DISCOUNTED AVERAGE MONTHLY . 

COST WITH TAX CREDIT 

FIGURE 4.18 

VARIATION 0F.DISCOUNTED AVERAGE MONTHLY 
COST WITH TAX CREDIT 



FIGURE 4 .19 

V A R I A T I O N  OF DISCOUNTED AVERAGE MONTHLY 

COST W I T H  TAX C R E D I T  

FIGURE 4 .20  

V A R I A T I O N  OF DISCOUNTED AVERAGE MONTHLY 
COST. W I T H  TAX C R E D I T  



FIGURE 4 . 2 1  

VARIAT ION OF DISCOUNTED AVERAGE MONTHLY 

COST WITH  TAX CREDIT 

a.r. ur. d m  1 

FIGURE 4 . 2 2  

V A R I A T I O N  OF DISCOUNTED AVERAGE MONTHLY 
. . COST WITH  TAX CREDIT 



FIGURE 4.23 

VARIATION OF DISCOUNTED' AVERAGE MONTHLY 

COST WITH TAX CREDIT 

For a l l  f o u r  c i t i e s ,  w i t h  an i n s t a n t  t a x  c r e d i t  r a t e  o f  about 

40%, the monthly average cos t  o f  the  s o l a r  h o t  water system 

approaches t h a t  o f  t he  convent ional gas water heater  when home 

mortgage o r  s o l a r  bank i s  i sed .  For improvement loans, t h i s  

takes p lace .when the t a x ' c r e d i t  r a t e  i s  about 50%. An important  

conclus ion which .can be drawn i s  t h a t  w i t h  an i n s t a n t  t a x  c r e d i t  

r a t e  o f  40-50%, the  month ly  average cos t  o f  t he  s o l a r  h o t  water 

system equal i z e s  the convent ional  gas water heater .  Table 4.21 

numer i ca l l y  compares the  monthly average c o s t s ,  of t h e  d i r e c t  

draindown s o l a r  h o t  water systems aga ins t  convent ional  water 

heaters w i t h  a  t a x  c r e d i t  r a t e  o f  40% f o r  a l l  f o u r  c i t i e s .  

I n  add i t i on ,  a  comparison o f  t h e  present  values o f  l i f e  cyc le  

c o s t  o f  a l l  t h e  f i v e  s o l a r  h o t  water systems and the  two conven- 

t i o n a l  water  heaters i s  made i n  Table 4.22 f o r  Denver. Again, 

we see t h a t  w i t h  an i n s t a n t  t a x  c r e d i t  r a t e  o f  40%, the  draindown 

system us ing  e i t h e r  home mortgage o r  s o l a r  bank approaches the 

l i f e  c y c l e  c o s t  o f  t he  convent ional  gas water heater .  



TABLE 4.21 

AVERAGE MONTHLY COST ($ )  WITH A TAX CREDIT 

RATE OF 40% 

Conventional s o l a r  ( D i r e c t  Draindown) 
Deferred Tax C r e d i t  I n s t a n t  Tax Cred i t  

31 15 26 25 33 16 15 2 0 Phoenix 
43 25 34 36 4 3 25 . 25 2 9 Washington 

63 20 30 .30 38 19 21 2 3 Denver 

55 22 30 31 39 20 20 26 Los Angeles 

. . 

TABLE 4.22 

PRESENT VALUE OF LIFE CYCLE COST ( 8 )  

Sys tern ~ e f e r r e d  Tax C r e d i t  I n s t a r i t  Tax- Credi t d 

Conv. E l e c t r i c  7140 - - 7140 - - 
Conv. Gas 2310 - - 2310 - - 
Drai  ndown 3360 3470 4355 2318 ,2258 2700 

R e c i r c u l a t i o n  41 23 421 7 51 76 2997 2930 3408 

Evacuated 
Tube 5292 5479 6508 4310 4311 4824 

Dra i  nback 4066 4180 5050 3043 2986 3420 

I n d i r e c t  4106 4182 5226 2880 2803 3325 



Figures 4.24 through 4.27 show how the present values of 1 i f e  
cycle cost of the draindown solar  hot water system are affected 
by in t e res t  ra te .  Similar plots of monthly average cost a re  made 

in Figures 4.28 through 4.31 . I t  can be seen that  in te res t  ra te  
has the largest  impact on home mortgage loan. I t s  influence on , 

improvement loan i s  the smallest. Also, i t  i s  interesting to  see 

that  when the in t e res t  ra te  i s  less  than 14%, solar bank i s  bet ter  
than improvement loan. When the interest ,  ra te  i s  l e s s  than 171, 
home mortgage i s  better than improvement loan. Furthermore, a t  

an interest ,  ra te  of 22% or larger ,  solar bank i s  preferred t o  a 

home mortgage loan. Although these curves suggest that  the type of' 
loan i s  important, in f ac t ,  these curves merely indicate the effects  
of the maturity dates; 30 years for  home mortgage, 12 years for  Solar 
Bank, and 5 years for  home improvements. 

VARIATION OF PRESENT VALUE LIFE CYCLE 

COST WITH INTEREST RATE 



FIGURE 4i25 

VARIATION OF PRESENT VALUE L I F E  C Y C L E  

COST WITH INTEREST RATE 

FIGURE 4.26 

VARIATION OF PRESENT VALUE L I F E  C Y C L E  

COST WITH INTEREST RATE 



FIGURE 4.27 

VARIATION OF PRESENT VALUE L I F E  CYCLE 

COST WITH INTEREST RATE 
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FIGURE 4.28 

VARIATION OF MONTHLY AVERAGE COST (DISCOUNTED) 
WITH INTEREST RATE 



FIGURE 4.29 

V A R I A T I O N  OF MONTFLY AVERAGE COST (DISCOUNTED) 

WITH INTEREST RATE 

FIGURE 4.30 

V A R I A T I O N  OF MONTHLY AVERAGE COST (01 SCOUNTED) 

WITH INTEREST RATE 



FIGURE 4.31 

VARIATION OF MONTHLY AVERAGE COST (DISCOUNTED) 
N T H  INTEREST RATE 



CHAPTER 5 

A COMPARISON OF CONVENTIONAL AND SOLAR DOMESTIC 

WATER HEATING PRODUCTS AND INDUSTRIES 
-- . -. . . 

5.1 PRODUCT FEATURES 

There a re  a v a r i e t y  o f  methods f o r  heat ing  water i n  t he  res idence 

i n c l u d i n g  t h e  f a m i l i a r  e l e c t r i c  o r  gas heater  which prov ides an almost 

l i m i t l e s s  supply o f  ho t  water i n  a l a r g e  i n s u l a t e d  tank.  Other op t i ons  are 

instantaneous heaters a t  the point -of -use,  water heater  hept pumps, and 

heat recovery u n i t s  (HRU's). For purposes o f  t h i s  market comparison, o n l y  
t h e  convent ional  water heater  i s considered. 

There a re  c u r r e n t l y  more than 4,000 d i f f e r e n t  models, though these 

models u s u a l l y  d i f f e r  o n l y  i n  f u e l  type and storage capac i t y .  Gas and 

e l e c t r i c  water heaters comprise the  m a j o r i t y  o f  a1 1 heaters t h a t  are so ld  

( o i l  water heaters '  annual sa les were shown t o  be l e s s  than 50,000). 

So la r  water heaters are d i s t i n g u i s h e d  from convent ional  water heaters 

by the  f o l  low ing  a d d i t i o n a l  equipment: 

o  s o l a r  c o l l e c t o r ( s )  

o  s o l a r  storage tank 

o c o n t r o l l e r  ( e l e c t r o n i c )  

o  c o n t r o l  sensors 

0 Pump 

l o  tempering va lve  
~ o connect ing p l  umbing 

It i s  impor tan t  t h a t  t h e  consumer's bas ic  needs are s a t i s f i e d  by a 

SHW system and the  convent ional  product .  was used as a guide i n  making t h i s  

assessment. Product f e a t u r e s  a re  summarized i n  Table 5.1 f o r  bo th  s o l a r  and 

convent ional  water heaters.  



TABLE 5.1 I 
COMPARISON OF PRODUCT FEATURES FOR 

SOLAR AND CONVENTIONAL RESIDENTIAL 
WATER HEATERS 

So la r  E l e c t r i ' c  Gas 

Median . Range Median Ranqe 1 Median Range 2 

S p e c i f i c a t i o n s  

Capaci ty - -Gal  l ons  82 66- 120 52 20-66 40 30-50 1 
Recovery--Gal l h r  @ 

90° R ise  

I n p u t  Rate, B t u l h r  4300-7900 (+Aux. I4 13-20,000 29-60,000 ~ 
E f f i c i e n c y ,  % + N A 78-81 48-52 ~ 
L i f e t i m e  E f f i c i e n c y  
LOSS, ?A 5- 15 , 

L i  fe - -years  
(wa te r  dependent ) 

Warranty, years  

Tank L i n e r s  G L A S S  G L A S S  G L A S S  
Stone (cement) 

~ a n ~ e  f o r  conven t iona l  e l e c t r i c  heaters  t h a t  a r e  u s u a l l y  i n s t a l  l e d .  Models 
a r e  a v a i l a b l e  i n  c a p a c i t i e s  up t o  120 gaJlons. B t u l h r  i n p u t  and recovery  
r a t e s  w i l l  va ry  acco rd ing l y .  

2 ~ a n g e  f o r  conven t iona l  gas hea te rs  t h a t  a r e  u s u a l l y  i n s t a l  1 ed. Models 
a r e  a v a i l a b l e  i n  c a p a c i t i e s  up t o  100 ga l l ons .  B tu /h r  i n p u t  and recovery  
r a t e s  w i l l  va r y  acco rd ing l y .  

3 ~ i  t h  Aux. , these  f e a t u r e s  exceed convent iona l  system performance. 

4~ax imum ins tan taneous  s o l a r  i n p u t  assuming c l e a r  day s o l a r  i n s o l a t i o n  
of 300 9 t u / f t 2  hr. ,  60 f t 2  of n e t  c o l l e c t o r s  area, and a system 
e f f i c i e n c y  range o f  25 t o  40. 

'~ssumes overtemp p r o t e c t i o n  (few systems have t n i  s )  . 
c 
' C r i t i c a i  i i f e t i m e  f e a t u r e s  comgare f a v o r a b l y  w i t h  conven t iona l  heat ing.  



. Solar storage capacities ranging from 66 to 120 gallons are 
typical ly  recommended for  residential  applications ( 2  - 5 person loads),. 
Electric and gas water heater storage capacities a re  usually l e s s ,  ranging 
from 20-66 gallons (52 gallons median) and 30-50 gallons (40 gallon 

median), respectively. The larger storage capacity i s  usually required 
t o  compensate for  the lower input rates  and recoveries of e l ec t r i c  water 
heaters.for solar  water heaters to  compensate (single tank systems), i t  i s  
necessary to  provide additional storage capacity tha t  a suff ic ient  volume 
of water i s  available for  back-up capacity during inclement weather. Solar 
recovery and heat i n p u t  ra tes  (without auxi 1 iary)  are substantial ly lower 
than those fo r  e l ec t r i c  and .gas water heaters, b u t  with the back-up 
auxiliary u n i t ,  the total  recovery rates  wi 11 exceed a conventional uni t .  

Solar water heater eff ic iencies  are estimated to  be between 25 and 
40 percent (solar  and input only) as compared with e l ec t r i c  and gas 
heaters that  have overall eff ic iencies  that  ranae between 78-83 and 48-52, 
respectively. Of course the auxiliary supply of the solar system would 
correspond t o  the conventional water heater. The degradation in efficiency 
and l i f e  for  these heaters i s  also an important consideration. The 1 i fe -  

time efficiency loss 'var ies  from 5 to  15 percent depending primarily on 
temperature/water hardness (scaling) . 

The lifetime and length of warranty for  the various water heaters are 
also shown in Table 5.1. The lifetime of conventional heaters i s  determined by 

water hardness, temperature l imits ,  amount of anode protection, and fue l .  
Gas water heaters suffer losses due to  scaling and have a shorter l i f e  due to  
the combination of water hardness and high external combustion temperatures. 
The lifetime fo r  solar water heaters can be much longer than conventional 
heaters since i t  operates. a t  lower temperatures(tw0 tank systems) and will 
.have reduced external combustion. However, solar systems must provide tempe- 
rature  protection for  glass lined tanks t o  insure protection and i t  i s  
expected tha t  some unnecessary fa i  1 ures may resu l t  . 

Water heater warranties are usually for  f ive  to  ten years b u t  could 
be extended by increasing the length of the anode rod. Solar water heaters 

are  comparably warranteed a t  the component level w i t h  the collector and 
storage tank receiving a f ive to  ten year warranty. Controls have shorter 

warranties, usually 12 to  18 months, b u t  these warranties correspond to  
industry practice for  controls. 
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The convent ional  water heater  i s  a w e l l  packaged simple device 

t h a t  receives v i r t u a l l y  no maintenance du r ing  i t s  l i f e t i m e  b u t  the  s o l a r  

system w i t h  minimal maintenance could s u r v i v e  i t  by 5-10 years. 

5.2 PERFORMANCE, COST AND RELIABILITY 

The th ree  jmportant  f a c t o r s  t h a t  must be considered i n  ana lyz ing  

s o l a r  and convent ional  domestic water heaters are  performance, cost ,  and 

r e l i a b i l i t y .  The energy de l i ve red  p e r  d o l l a r  inves ted  i s  the  gauge t h a t  

i s  used when comparing the  c o s t  e f fec t i veness  (performance/cost) o f  

systems. Th i s  sec t i on  compares t h e  r e l a t i v e  m e r i t s  o f  t he  s o l a r  domestic 
0 

water heaters i n  the  framework o f  the  convent ional  product .  

5.2.1 Performance 

The energy requirements f o r  convent ional gas and e l e c t r i c  water 

heaters a re  summarized i n  Table 5.2 f o r  each o f  t he  f o u r  c i t i e s  

considered i n  the  ana lys is .  Pr imary energy (which inc ludes  energy 

expended i n  generat ing and d i s t r i b u t i n g )  i s  compared w i t h  end use 

energy requirements. 

TABLE 5.2 

ANNUAL ENERGY REQUIREMENTS (MMBTU) FOR GAS AND ELECTRIC 

WATER HEATERS I N  FOUR DIFFERENT CLIMATES 

Gas 
k n d u s e )  

Washington 26.2 
Denver 29.3 
Phoeni x 19.1 
Los Angeles 26.6 

E l e c t r i c  
(end -power p l a n t )  

When comparing the  s o l a r  system t o  t h e  convent ional water 

hea te rs , i t  i s  ext remely important  t o  consider  t he  impact of the  

p a r a s i t i c s  o f  t h e  s o l a r  systems. I f  the  s o l a r  COP i s  t oo  low, 

i t  may o f f s e t  t h e  advantage ( i n  terms o f  d isp laced energy) o f  

having a s o l a r  system i n  the  f i r s t  p lace.  The thermal energy 

d isp laced f o r  a w e l l  designed system ranges f rom a low o f  
2 170,000 B t u / f t  -year f o r  Washington, D.C. and Phoenix t o  a 



2 h igh  o f  250,000 B t u / f t  -year f o r  Denver. For a hypo the t i ca l  
2 SDHW system i n  Denver us ing  60 ft of n e t  c o l l e c t o r  area the  

thermal energy d i  splaced (exc l  uding the  e f f e c t  o f  paras i  t i c s )  

ranges n a t i o n a l . 1 ~  from 10.2 MMBtu/year t o  15.0 MMBtu/year . 
System COPs would range from a low o f  3.5 t o  a h igh  o f  19.2. Table 

5.3 summarizes t h e  e f f e c t  of p a r a s i t i c  energy on both end use and 

pr imary (power p l a n t )  energy requirements. The c o l  umns labe led  

h igh  and low correspond t o  system COPs of 3.5 and 19.2, r e s p e c t i v e l y  

TABLE 5.3 

EFFECT OF PARASITIC ENERGY ON 

SOLAR SYSTEM PERFORMANCE 

Thermal Energy P a r a s i t i c  Primary. Energy 

f = .  
(h igh)  ( low)  

?- 
(h igh )  ( low) 

I t  should be noted t h a t  the  pr imary 'energy requirement i n  

Table 5.3 does n o t  i nc lude  t h e  auxi 1 i a r y  energy requ i red  by the  

s o l a r  system. I t  i s  obvious from Table 5.3, t h a t  poor system 

design can s u b s t a n t i a l l y  reduce the  value o f  a svstem when 

consider ing the  pr imary energy requirements. Min imiz ing  p a r a s i t i c  

energy consumption should be a goal i n  any SDHW system design. 

5.2.2 Cost - . 
The cos t  o f  s o l a r  when compared w i t h  convent ional  water 

heat ing  can.be presented i n  several  ways. T y p i c a l l y ,  the cos t  

e f fec t i veness  o f  one o p t i o n  versus another i s  presented i n  terms 
o f  l i f e  c y c l e  cos t  o r  years t o  pay back . the  investment.  But, consumer 

dec is ions  are based on the  monthly cos t  o f  owning and opera t ing  s o l a r  

equipment when compared w i t h  the  monthly cos t  o f  purchased convent ional 

energy. That  i s  an impor tan t  consumer requirement and has been 

ex tens i ve l y  documented i n  t h i s  s tudy (a long w i t h  present  value 

l i f e  c y c l e  cos ts ) .  



The monthly cash f l o w  ( o r  average monthly c o s t )  f o r  a s o l a r  

domestic water heater  was' de f ined as the  a m o r t i z e d  c o s t  of owning 

the s o l a r  system p l u s  the  cos t  of the  back up fue l .  A f te r  t he  

system i s  p a i d  f o r ,  t he  monthly cos t  equals the  cos t  of t he  

back up f u e l .  I t  was shown (Chapter 4 )  t h a t  f o r  some f inancing 

scenarios, the  average monthly cos t  f o r  some o f  t he  s o l a r  systems 

analyzed w i l l  compete favo rab l y  w i t h  both gas and e l e c t r i c i t y .  

CapLital cos ts  f o r  s o l a r  water heaters are  rough ly  ten  t imes 

h igher  than cos ts  f o r  convent ional  water heaters.  It i s  there-  

fo re  necessary t o  f i n d  j u s t i f i c a t i o n  f o r  s o l a r  water heaters i n  

terms o f  both l i f e  cyc le  cos t  ( f o r  t he  v iewpo in t  o f  banks and 

o the r  l end ing  i n s t i t u t i o n s )  and monthly cos t  (consumer v iewpo in t ) .  

5.2.3 R e l i a b i l i t y  

The r e l i a b i l i t y  o f  convent ional  gas and e l e c t r i c  water heaters 

i s  unquest ionably ve ry  good but,  occasional 1 y, problems w i  11 occur. 
A summary o f  f a i l u r e  mechanisms f o r  gas and e l e c t r i c  water heaters 

i s  g iven i n  Table 5.4. The f a i l u r e  r a t e s  o f  gas and e l e c t r i c  water 

heaters due t o  the mechanisms l i s t e d  i n  Table 5.4 are  very  low. As 

an example, tank  l eaks  i n  gas water heaters occur 1 ou t  o f  100 the 

f i r s t  year, 3 o u t  o f  100 the  second year,  and 5 o u t  o f  100 the  t h i r d  

year .  

TABLE 5.4 a s  b s t e r  t lect r lc  Heater 

Themcouple f a l l s  Jm la-  I Burnout caused by lime bulld- 
properly Installed - l l f c t l a  up (hard water) or dry-flrlng 
of  2 4  years 

k g n t  or sprlng I n  gas u f e t y  
control valve fa l l s  

kcesslty for themostat m- I kcesslty for themsts t  re- 
o l lb ra t lon  a l lb ra t lon  

Anode rod croslon causes tank I Tank leaks caused by anode 
lcaks/frllure rod emslon: less cmmn 

dm t o  lorr heat lnput 

Carbon bulld-up on burner 
I 
~ I 



The r e l i a b i l i t y  of SDHW systems i s  n o t  as good as t h a t  recorded 

f o r  convent ional water heaters, s ince  several  a d d i t i o n a l  pieces 

o f  equipment a re  added i n  the,design o f  s o l a r  water heaters.  The 

necess i ty  f o r  p rov id ing  f reeze p r o t e c t i o n  makes the  s o l a r  water 

heater  i n h e r e n t l y  more complex; thus reducing i t s  re1  i a b i l  i t y .  

Table 5.5 l i s t s  the a d d i t i o n a l  equipment inc luded i n  the  s o l a r  

water heat ing  system ( re1  a t i v e  t o  a convent ional water .heater)  

and some o f  t he  associated re1 i a b i l  i t y  problems. 

TABLE 5.5 

RELIABILITY PROBLEMS ENCOUNTERED IN  

SOLAR DOMESTIC HOT WATER SYSTEMS 

System Component Associated Problem 

Contro l  Card . . a )  Minimal : e l e c t r o n i c s  are  
u s u a l l y  very  r e l i a b l e  

b )  Relays, i f  used, can be a 
, s i g n i f i c a n t  problem i n  some 

c o n t r o l  1  e r s  

Pump a) Cycl ing can cause ex- 
cessive wear 

b) Loss of prime due t o  
poor design* 

Tempering Val ve None 

Cont ro l  Sensors a )  Improper c a l  i b r a t i  on 

b) Improper placement 

Col 1 e c t o r  a )  Corros ion 
b )  Sca l ing  
C )  Freezing** 
d) Poor m a t e r i a l s  ( g l a z i n g  

e s p e c i a l l y )  s e l e c t i o n  

P l  umbi ng a )  Leaks 
b )  Freeze damage 

Design Poor thermal performance 

* C o n t r o l l e r  i s  o f t e n  blamed when t h i s  problem occurs. 

** This can a l s o  be a c o n t r o l  o r  plumbing problem. 
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Good performance and r e l i ab i  1 i  t y  a1 so requires ins ta l  1 a t ions  by ' 

t rained i n s t a l l e r s .  Some of the  more serious omissions occuring in t h i s  
survey included: f a i l u r e  t o  insu la te  pipes and t o  cover insulation 

with a UV re tardant  protective wrap, f a i l u r e  t o  d i e l ec t r i c a l  l y  
decouple t o  prevent l ightning damage and . f a i l u r e  t o  properly mount 
the co l lec to rs  t o  the  roof (clamped t o  roof r a f t e r s )  and provide leak t ight  
penetration methods. 

Solar water heating systems have other l a t e n t  problems t ha t  had 
not surfaced and are  not presently being adequately addressed. Some of 

these long-term l a t e n t  problems t h a t  will probably not show u p  f o r  
several years (on a large  scale)  are :  

o collector/system corrosion 

o col lector/system scal ing, especia i  l y  i n  hard water 
areas 

o freezing damage t o  the co l l ec to r  
O tank f a i l u r e s  from over-temperature protection 

In systems t ha t  per iodical ly  reintroduce a i r  i n to  the  piping 
systems ( a s  in the  d i r e c t ,  .draindown system), corrosion has the  

potential  of causing catastrophic f a i l u r e .  Some designers have 
attempted t o  avoid t he  problem by using a nitrogen purge, b u t  f o r  the 
large par t  most systems vent t o  the atmosphere when draining the 
co l lec to rs .  Corrosion i n  glycol systems i s  a l so  expected t o  be 
a s ign i f ican t  problem. Monitoring the pH ( ac id i t y )  of the glycol 
solution i s  extremely important. The ac id i t y  can change quickly 
causing a corrosive environment w i t h  subsequent complete f a i l u r e .  
This condition could be avoided i f  a low cost  pH monitor were 
developed. 



Scal ing problems are  d i r e c t l y  p ropo r t i ona l  t o  water hardness 

and temperature. Water hardness i s  a s i t e  s p e c i f i c  problem. I t  

i s  measured i n  terms o f  Mg/l o f  CaCo3 as fo l l ows :  

Water Condi t ion Hardness Number 
(Mg/l o f  CaC03) 

Moderately Hard 61 - 120 

Hard 121 - 180 

Very Hard 181+ 

As an example o f  the  problem t h a t  can e x i s t ,  the  average hard- 

ness f o r  t he  f o u r  t e s t  . c i t i e s  i s :  

C i t y  Hardness Number 

Washington, D.C. 
Denver 
Phoenix \ 

Los Angeles 

The problem i s  a1 so compounded by t h e  decreasing s o l  ub i  1 i ty  

of CaC03 w i t h  h igher  temperatures. 

Freezing and inadequate over temperature p r o t e c t i o n  are  a l so  

l a t e n t  problems t h a t  can cause problems t h a t  would n o t  show up fo r  

a long p e r i s d  o f  t ime. A l l  these problems could be avoided through 

appropr ia te  design measures. 

5.3 SOLAR INDUSTRY ASSESSMENT 

If the  s o l a r  h o t  water i n d u s t r y  i s  t o  compete w i t h  t h e  con- 

ven t i ona l  water heater  technology, i t  i s  important  t h a t  t h e  indus- 

t r y  groups n o t  o n l y  p rov ide  a t e c h n i c a l l y  and economical ly compet i t i ve  

product  t o  t he  marketplace, b u t  i t  must p rov ide  t h a t  product  w i t h  a 

d e l i v e r y  system which conforms t o  acceptable i n d u s t r y  standards and 

w i t h i n  the  r e g u l a t o r y  framework which assures t h e  p r o t e c t i o n  o f  t he  

consumer. Therefore, i t  i s  important  t o  assess t h e  framework o f  

I a both i n d u s t r y  groups and draw comparisons i n  t h e i r  opera t ing  

phi losophies t o  i d e n t i f y  any l i m i t a t i o n s  which t h e  s o l a r  i n d u s t r y  

has and must c o r r e c t  t o  achieve f u l l y  commercialized s ta tus .  I t  

i s  a l s o  important  t o  examine the  consumer p r o t e c t i o n  mechanisms 



of the conventional industry and assume tha t  the solar  industry 

must operate within the established regulatory bounds. Finally, 
i t  will be important t o  determine those markets which the solar  
industry can impact and determine whether or not a suitable long 
term sales  potential will ex i s t .  

5.3.1 Industry Infrastructure 

5.3.1.1 Suppliers 
In Chapter 2 i t  was noted that  95% of the conventional 

water heater market i s  serviced by s ix major companies. I t  can 
therefore be assumed tha t  a solar  industry can be achieved i f  a simi- 
l a r  number of strong solar  companies ex is t  w i t h  the necessary delivery 
tools and strong solar products. In Chapter 3 i t  was noted tha t  i n  

the l i s t  of the twelve leading solar  water heater suppliers, four 
of the s ix conventional water heater suppliers were included. Six 
of the eight remaining companies in the twelve "Solar Hot Water 
Suppl ie rs" . l i s t  included major firms i n  the United States with sales 
well into the millions and bi l l ions of dol lars .  

5.3.1.2 Characteristics of a Successful Company 
I t  was noted in the Mitre Corporation report ,  dated 

January 1980, en t i t led  "Characteristics of the Solar Heating and 
Cooling Equipment Industry," tha t  Lhe character is t ics  o f  an industry 
leader are tha t  the product have: a brand name, proprietary design, 
existing dis t r ibut ion channels, and financial staying power. The 

four conventional water heater manufacturers and the HVAC manu- 

facturer i n  the l i s t  of twelve leading manufacturers enjoy the 
brand name image based on t h e i r  prior track record. The remaining 

seven f i  nns on the 1 i s t  must, and are ,  developing the brand name 
s ta tus  in the solar  water heating industry by leveraging brand name 
s ta tus  in other f i e lds  and/or extensive publicity.  

5.3.1.3 Proprietary Designs 
Proprietary designs are not common in the solar  water 

heating industry. Many of the designs are  quite s t raight  forward 
and patents e i ther  do not ex is t  or  are  not eas i ly  protected because 
of the diversi ty  of options used to  circumvent patent r ights .  There- 



1 fore,  while the twelve current leaders have a strong position due 

I t o  the i r  ear ly market entry i t  can be expected tha t  as sales  

I continue t o  grow, that  other heavily capitalized firms and inno- 

I vators will be able to  achieve significant-market penetration as 

I t h i s  industry matures. As a resu l t  t h e  twelve "leaders" l i s t  
can be expected to  undergo change. 

5.3.1.4 Distribution 
Over half of the firms interviewed are developing dis-  

I tr ibution networks with a third operating a t  a national level.  

1 Sixty-five percent are developing a s t a t e  or regional. dis t r ibut ion 
I capabili ty,  and therefore t h i s  element of the commercialization 

process i s  proceeding a t  a rapid pace. 
The four conventional water heater manufacturers and the 

single HVAC Company already have the mature dis t r ibut ion channels so 

v i ta l  t o  a successful commercial product. I t  has been necessary for  
the remaining seven of the twelve firms to  develop similar distribu- 
tion out le t s .  Significant progress i s  being made by these seven 

~ 
I firms in the development of dis t r ibut ion channels and,as was noted, 
I a1 1 of the twelve have over 100 di s t r i  butorsldealers scattered 

throughout the United States and more specif ical ly  i n  the prime 
market regions f o r  the solar water heater industry. These d i s t r i -  

bution out le t s  are continuing to  expand as t h i s  industry matures. 
The usual method by which the solar water heater manu- 

facturers se l l  the product i s  through the two step dis t r ibut ion 
concept used by the conventional industry. The factory d i rec t  

method has not been used extensively, primarily because of the need 
for  a strong instal  l e r  service organization. 

5.3.1 .5 Manufacture 
The solar  hot water industry leaders a l so  have the 

complete organization necessary t o  design, manufacture, market, 

I 
and deliver the product to  the d is t r ibutor .  However, many of the 

smaller remaining firms (so lar  hot water system suppliers) a re  
limited i n  one or more of these categories. This contributes 

to  the iFl imi ted  success i n  sel l ing and dis t r ibut ing the product. 



5.3.1.6 Capitalization and Resources 
Capital and manpower resources are a major 'impediment 

t o  the progress of many of the firms outside of the top twelve 
leaders. These firms tend to  be under capitalized and manpower 
resource limited. This lack of capabili ty i s  best i l l u s t r a t ed  
by the quality of the training programs and support documentation 
including 'design manuals, instal  la t ion service manuals, and product 
brochures. 

5.3.2 Consumer Protection 
The consumer of a conventional hot water product i s  almost 

always protected a t  the local level by one of f ive model .plumbing 

codes.' These codes are usually, based upon standards developed by 
professional or  government organizations which have been adopted 
for  reasons of public health, safety or welfare. In comparison, 

the solar  hot water product i s  currently very loosely regulated 
and many abuses are  occurring and will continue until such codes 
and standards can be devel'oped to  protect the consumer. , The most 

noteworthy solar standards used to  regulate the solar  hot water 
product i s  the H U D  Minimum Property Standard. While the MPS addresses 
certain elements of the product qual i ty  and safety,  i t  does not insure 
that  the systems perform the claims of the manufacturer nor does i t  . 

insure tha t  the ins t a l l e r  of the solar hot water. system will adequately 
ins t a l l  the product. The industry would benefit substantially i f  
ins ta l la t ion  standards were adopted. H U D  has written "Instal la t ion 

Guidelines for SHW Systems." 

Training i s  a very s ignif icant  l imitation i n  the industry. 
While many of the leading manufacturers have good training programs, 
the solar i n s t a l l e r  i s  usually not required to  take the training 

program and many poor ins ta l la t ions  have resulted. The conventional 
industry uses a very simple training program and the licensed plumber 
i s  required as part  of his s t a t e  exam to exhi b i t  a famil iar i ty  w i t h  

I 
proper hot water instal  lation practices.  Similar s t a t e  requirements 

could be adopted fo r  the solar  hot water products. 



5.4 SOLAR HOT WATER MARKET 

The c u r r e n t  so la r  h o t  water market has enormous market p o t e n t i a l  

across the  e n t i r e  Uni ted States w i t h  the  e x i s t i n g  fede ra l ,  and i n  

many cases, s t a t e  t a x  i n c e n t i v e  programs. ' I t  has been shown i n  

Chapter 4  t h a t  s o l a r  h o t  water w i l l  compete us ing monthly cash f low 

ana lys i s  i n  v i r t u a l l y '  every p a r t  o f  the  Uni ted States aga ins t  

e l e c t r i c  h o t  water compet i t ion.  I n  those areas where s t a t e  t a x  

i ncen t i ves  are a d d i t i v e  t o  the  federal t a x  i n c e n t i v e  o f  40%, s o l a r  

ho t  water w i l l  compete aga ins t  gas heated h o t  water systems as w e l l .  

This  s o l a r  h o t  water o p t i o n  i s  p a r t i c u l a r l y  a t t r a c t i v e  i n  t he  new 

cons t ruc t i on  market. 

So lar  ho t  water u s u a l l y  becomes more economical as t h e  s i z e  o f  

the  system increases due t o  the  f i x e d  cos ts  associated w i t h  over 

50% of the  s o l a r  h o t  water systems. The a d d i t i o n  o f  a  s i n g l e  

c o l l e c t o r  represents a  20-25% d e l t a  cos t  f o r  the  system. The r e -  

t u r n  on investment f o r  t he  a d d i t i o n a l  c o l l e c t o r  can be as much as 

2  t o  2-1/2 t imes the  r e t u r n  on investment of t he  f i r s t  and second 

c o l l e c t o r s  i n  the  system. 

The l a r g e  f i x e d  cos ts  of a  so la r  ho t  water system w i l l  be 

disadvantageous i n  the  small e r  mu1 ti - fami ly  systems where the  re -  

t u r n  on investment per  square f o o t  of c o l l e c t o r  i s  reduced due 

t o  the lower l oad  f a c t o r  on the  e n t i r e  system. 

New cons t ruc t i on  w i l l  be the  major market e n t r y  due t o  the very  

l a r g e  i nven to ry  o f  gas water heaters i n  the  e x i s t i n g  housing stocks. 
It was shown i n  Chapter 2  t h a t  i n  t he  four  major me t ropo l i t an  areas 

s tud ied  o n l y  10-20% o f  t he  housing stocks have e l e c t r i c  water heaters, 

w i t h  the remainder o f  the  residences us ing gas water heaters as 

a  predominant choice. Based on the e a r l i e r  ana lys is ,  i t  was shown 

t h a t - s o l a r  water heat ing  i s  compet i t i ve  economical ly w i t h  gas, o n l y  

a t  t ax  i n c e n t i v e  r a t e s  o f  60-70%. A t  these h igher  t a x  i ncen t i ve  

r a t e s  a  p o s i t i v e  cash f l o w  i s  generated a f t e r  the  9 t h  o r  10 th  year 

of the i n s t a l l a t i o n .  Th is  marginal  cos t  advantage can be expected 

t o  be a s i g n i f i c a n t  b a r r i e r  t o  the l a r g e  sca le  s u b s t i t u t i o n  of 

s o l a r  water heat ing  f o r  gas water heat ing.  
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Colorado 

Pmerf can He1 i othermal Corp 
Denver 

Al ternat ive Heating Systems 
Boulder 

Colorado Sunworks 
Boulder 

Energy Dynami cs 
Comnerce City . 

Entropy L td  
: Boulder 

Federal Energy Corp 
Denver 

Future Systems, Inc 
Lakewood . 

Gramer Industries Inc 
Denver 

House Waning Development Co 
Boul der ' 

Hyperi on 
Boul der 

Lamco Inc 
Col orado Springs 

Mountain Mechanical Sales 
Denver 
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Cmpany/Loca t i on- Information Center 12/79 Issue Catalog SERI Contacted Responded 

Connecticut 

American Solar Heat Corp 
Danbury 

Fa1 be1 Energy Sys terns Corp 
Stamford 

Groundstar Energy Corp 
Rowayton 

Internat ional  Environmental 
Hartford 

KEM Associates 
New Haven 

National Solar Corp 
Old Saybrook 

Solar Craf t  Industries 
W i  ndsor 

Solar Industries, Inc 
Plymouth 

Solar Kinet ics Corp 
Hartford 

solar Processes Inc 
Mystic 

Solar Products Mfg Corp 
Newi ngton 

Sta Cor /Solar Technology 7 & App ica t ion  
Enf i e l  d 

Energy 
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1 Novan Energy Inc 
Boulder 

R.M. Products 
Denver 

Solar Control Corp 
Boul der 

Solar Development Inc 
Aurora 

, Solar Energy Research Corp 
Longmont 

Solar Special t i e s  Inc 
Denver 

Sol a r  Technology Corp 
Denver 

Solaron Corp 
Denver 

Sun-Heet Inc 
Engl enood 

Sun1 i f e  Inc 
Boul der 

Te l l  ur ide Solar Works 
Te l l  ur ide 

T i ta te  Sol -Aire Inc 
,,.iver 
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~ompany/~ocati 'on - Information Center 12/79 Issue Catalog SERI Contacted ~ e s ~ o n d e d  

Aztec Solar Co 
Mai tl and 

Beutel s, Solar Heati ng Co 

i Miami 

D.W. B m i n g  Contracting Co 
Hol ly  H i l l  

Capital Solar Heating Inc 
Miami 

CBM Mfg Inc 
F t  Lauderdale 

Chemical Processors Inc 
S t  Petersburg 

CSI  Solar ~ys tehs .  Divis ion 
C l  earwater 

Energy Conservation Equipment Corp 
Loxahatchee 

Flagala Corp 
Panama City 

Flor ida Solar Power Inc 
Ta l l  ahassee 

General Energy Devices 
C l  earwater 

Gulf Thermal Corp 
Bradenton 
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Sun-Ray Solar Equipment 
She1 ton 

Sunworks, Div o f  Enthane 
New Haven 

Del aware 

Porter Energy Products 
Newark 

Sol a r  Energetics Inc 
W i  lmington 

A l l  Sunpower Inc 
Miami 

American Solar Power Inc 
Tampa 

Pmerican Sun Corporation 
Miami 

~ r i  ;an Sunsys tms I nc 
Miami 

Apol 1 o Sol a r  Energy Corp 
Jacksonvi 1 l e  

Astl fo l  a r  Corp 
WI Palm Beach 
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Solar: Energy Products I nc 
Gainesvil le 

Solar Energy Resources Corp 
Miami 

Solar Engi neering & Mfg Co Inc 
Boca Raton X 

Sol a r  F in Systems 
S t  Augustine 

Solar Heater Manufacturers 
Lake Worth 

Sol a r  Heat i ng Sys tems 
C l  earwater 

Solar Industries o f  Flor ida 
Jacksonvi 1 1 e 

Sol a r  Innovations 
Lake1 and 

Solar Products 1nc/~un-~ank 
M i  ami 

Sol a r  Servants 
F t  Myers Beach 

Solar Water Heaters o f  Newport 
Newport Richez X 

Sol ar-Eze Products Inc 
F t  Lauderdale 
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Heat1 ng % Cool i ng SEM 'm 
Canpany/Loeation Information Center 12/79 Issue Catalog SERI Contacted Responded 

He1 iokon Industr ies 
Jacksonvi 11 e 

Horl ton Enterprises , Inc 
Homestead 

Largo Solar Systems Inc 
Plantation 

OEM Products Inc/Sol a n a t i c  
Tampa 

Ral e l  gh Solar Systems/ 
Raleigh Mfg Co 
.Miami 

W R Robbins 8 Son 
M i  ami X 

Rox International 
Sarasota 

Semco Solar Products Corp 
F t  Lauderdale X 

JGR S i m n s  Construction Co. 
Omond Beach 

Solar Developnent Inc 
R i  v i  era Beach 

Solar Dynamics Inc 
Hialpah 

Sol Lnergy Components Inc 
Coma 
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Integrated Sys tans 

National Solar Magazi ne SE I A  Suppl l e r s  
Heating & Cooling S ~ M  I r n  

Company/Locati on Information Center 12/79 Issue Cataloq SERI 'Contacted Responded 

National Solar Magazi ne SE I A  
Heating & Cooling S ~ M  I r n  

Company/Locati on Information Center 12/79 Issue Cataloq SERI Contacted Responded 

ILL, Inc 
A t 1  anta 

Independent L iv ing Inc 
Norcross 

Kaz Solar Systems Inc 
Rome 

National Sol a r  Company 
At1 anta 

National Sol a r  Supply 
At1 anta 

Rheem Mfg Co 
Atlanta 

Solar Energy Systems o f  Georgia 
Atlanta 

Southeastern Sol a r  Systems, Inc 
At1 anta 

Sunplate Inc 
Thomaston 

United States Solar Industries 
Atlanta ' 

Wallace Co 
Gai nsvi 1l.e 
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Suppl l e r s  

Heating lk Cool i ng SEM '79 
Canpany/Locat 1 on InformationCenter 12/79Issue Catalog SERI Contacted Responded 

Solarcel l  Corp - 
F t  Lauderdale 

~ o l a r k i  t o f  ~ l o r i d a  
Tampa 

Southern Lighting/Universall  
100 Products 
Or1 ando 

Sun Dance Inc 
Miami Lakes 

Sun Harvesters Inc 
Ocal a 

Sunking 
1 = F t  . Lauderdal e 
I 
I Systems Techno1 ogy Inc 

Shal imar 

U.S. Solar Corp 
Hampton 

Union CRRCTNL I n s t  (FL S t  
Agencies only) 
Rai ford 

Un i t  E lec t r i c  Control Inc/Sol 
Ray Divn 
Mai t land 
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Heat ing&.Cool lng SEM 9 
Cunpany/Locat 1 on Information Center 12/79 Issue Cataloq SERI Contacted Responded 

s s Solar Inc 
River Forest 

A, 0 h i t h  Corp 
Kan ka kee 

Solar Dynamics Corp 
Northf i e l d  

So1 a r f  1 ame Systems 
LeRoy 

Sundui t Inc 
V i rden 

Indiana 

BDP Company 
Indianapol i s  

Energy Management Eng i neeri ng . 

Evansvi 11 e 

Internat ional  Solar Techno1 ogi es 
Pla i  n f i e l d  

Solar She1 t e r  Engrg Co Inc 
Munci e 

Iowa - 
Engi neers Ltd 

Dubuque 
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Hawai i 

Hal eakal a Sol a r  Resource I nc 
Honolulu X 

Solar Energy Corp o f  k r i c a  
Honol u l  u X 

, Solar Enterprises Hawaii 
Honolulu 

Solaray Corp 
Honol u l  u 

. , 

Idaho 

Energy A1 te rna t i  ves , I nc 
Moscow , 

Solar Development , Inc . , Northwest 
Pocatel 1 o 

I l l i n o i s  

Chicago Solar Corp 
Chicago 

I l l i n i  Insulat ion & Sun 
E f  f i ng ham 

Rhew w=ter Heater Div/ 
C i ,  nvestors 
Chi cage 
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Heating & Cooling SEM 'm 
Company/Locatl on Information Center 12/79 Issue Catalog SERI Contacted Responded 

M i  d-Western Sol a r  Systems 
Paducah 

Louisiana 

Sun-Pac Inc 
A1 exandria 

Aidco Maine Corp 
ORRS Island 

Dumont Industr ies 
Momnou t h 

Shape Symnetry & Sun Inc 
Bi  ddeford 

Sol ark1 n e t i  cs 
Bridgton X 

Mary1 and 

~ u t u r i s t i c  Solar Systems 
Temple H i l l s  

General Solar Corp 
Rockvil l e  

KTA Products Div/NPD Energy Sys 
Rockvi 11 e X 

I Payne Inc 
Anapol i s  X 

1 
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Company/Locatl on Infownat40n Center 12/79 Issue Catalog SERI Contacted Responded 

Lennox Industries 
Marshtown 

Plelad Industries, Inc 
West Branch 

R 0 Sul l ivan 8 Son 
Cedar Rapids 

Solar A i  r e  Di v i  sion, Sunsaver Corp 
North L iber ty  

Solar E lec t r i c  Inc. 
West Branch X 

Kansas 

A1 ternate Energy Sources I nc 
Sal i na X 

Energy A1 terna ti ves 
Wichita 

Sal ina Solar Products Inc 
Sal i na I 

Solar Farm Industr ies 
Stockton 

Kentucky 

I 
Kent I Solar. 

F r  -.... Furt 
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CompanylLoca t I on Information Center 12/79 Issue Catalog SERI Contacted Responded 

Diz-Sol Inc 
Marl boro 

~ l ' b a r t  Mfg Co 
M i  11 bury 

Energy D i  s t r i  butfon Inc 
Duxbury 

Solafern L td  
Bourne 

Solar Aqua Heater Corp 
Weymou t h  

Solar Heat Corp 
A r l  ington 

Solar Thermal Systems/D4 v Exxon 
Burl i ngton 

Solarmaster Systems Inc 
Farmi ngham 

Sol ec t ro -Them Inc 
. Dracu t 

Sun Systems Inc 
Boston 

Sunsav Inc 
Lawrence 

Terra-Light Inc 
Billerica 
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Heating & Cooling' SEM '7g 
Company/Locatf on Information Center 12/79 Issue Cataloq SERI Contacted Responded 

Polestar Corp 
Col umbi a 

Solar Comfort Systems/ 
Div Solar Sys 
Bethesda 

Solar Energy Systems. Products 
Em1 tsburg X 

Sol artherm 
Si lver  Spring 

Thmson Solar Homes Inc 
F t  Washington 

N H Yates Co, Inc 
Coc keysvi 1 1 e 

Massachusetts 

Acorn Structures Inc 
Concord 

Col unbia Chase $01 a r  Energy D i v  . 
Holbrook , ' X x X x X - X 

I JT Corey Inc 
X West Boston 

. Daystar Corp 
Burl i nnton 

Dixon -..>rgy Systems Inc 
H a d l ~ y  
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National Solar 

Heating & Coollng SEM '79 
Cmpany/Locatl on Information Center 12/79 Issue Catalog SERI Contacted Responded 

~ o r t h e r n  Solar Power Co 
Moorhead 

solar Enterprises Inc 
Fr id ley 

Solargirer Interriat ional Inc 
Bl  oomi ngton 

Solergy Co 
M i  nneapol i s 

sunsource Systems, Co 
Burnsvi 11 e 

Mi ssouri 

Cessna Solar Systems Inc 
Kansas C i ty  

Sun Time Solar Corp 
Kansas C i ty  

Weather-Made Systems Inc 
Spr ingf ie ld  

Montana 

Energy Solutions Inc 
Stevensvi 1 1 e 

Sun Wise Inc 
  re at Fa1 1 s . 



'Solar Energy Integrated ysterns 
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Suppl i ers 
Magazine 

Heating & Cooling SEM '74 
Company/Location Information Center 12/79 Issue Catalog SERI Contacted Responded 

Champi on Homebui 1 ders Co 
Dryden 

E l e c t r i c  Motor Repair L Service 
Lake Leelanau ' X 

W e e r  Arch i tec tura l  Products 
N i  1 es X 

, b-  

Ref r l  gerat ion Research/Sol a r  Research 
Br ighton X 

Sol -Lector Inc  
Grand Rapids 

Sol ara t o r  
Birmingham 

Sol a r t r an  Corp 
Escanaba 

I Sunri se Energy Products Inc  
Pel 1 s lon 

Tranter Inc  
Lansing 

Minnesota 

I l s e  Engrg Inc 
Du- ' h  

National . .- .-- Energy Corp 
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National Solar Magazine SEIA 
. Heating & Cooling SEM 

Cmpany/Loca ti on Informati on Center 12/79 Issue Catalog SERI  Contacted Responded 

Granite State Solar Industries 
Dover 

Kalwall Corp 
Manches t e r  

SunHouse Inc " 

Mashua 

New Jersey 

Calmac Mfg Corp 
Engl ewood 

Creighton Solar Concepts 
Lawrencevi 1 1 e 

Edwards Engrg Corp 
Pompton Plains 

Ener*G Systems 
Westfield 

Flu1 ti Research CorpISol arad Div 
Keyport 

Rai nai re Products 
Larami e - 

Solar and Geophysical Engrg 
Sparta 

Sol ar-En Corp 
Denvi 11 e 
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CompanyILoca ti on 1 nformation Center 12/79 Issue Cataloq SERl  Contacted Responded 

Sunset Solar Construction 
Stevensvi 11 e 

Nebraska 

SMC Energy Co .. 

Qna ha 

Solar Americ ' Inc 
(haha ' 

Sol a r  I nc 
Mead ' 

~ a l k n t  Energy Systems 
Val 1 ey 

Nevada + 

Richdel Inc 
Carson C i ty  

Southwest Ener-Tech Inc 
Las Vegas 

Sundog Solar 
Reno 

. . 

New Harnpshi r e  

Conte 'ary Systems Inc 
W a l ~ -  I 4.- 
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Anerican Solar Products 
Las Cruces 

K-Line Corp 
A1 buquerque 

S W Energy Options 
S i  1 ver C i t y  

~outhwes<-standard 
A1 buquerque X 

Zone Works Industries 
A1 buquerque - .  x 

New York 

A.C.M. Industries 
C l i f f t o n  Park 

Advance Cooler Mfg Corp 
C l  i f f t o n  Park 

A1 ternate Energy Industries 
New York 

Bio-Energy Systems 
Spring Glen 

Carr ier A i r  Conditioning Corp 
Syracuse 

Catalano & Sons Inc 
Brook1 yn 

Eastern Sun-Tech Industries 
Rockvi 11 e Center 
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Cmpany/Locati on Information Center 12/79 Issue Catalog SERI Contacted Responded 

Solar Energy Systems Inc 
Burl i ngton 

solar Htg  of New Jersey 
Paramus 

Solar Industries " 
Fanni ngdal e 

Solar L iv ing Inc 
Netcong 

Sol a r l  if e 
' Riverton 

Solenco Corp 
Flanders 

Sunassist . 
Monroev 1 1 1 e 

Sunri se Solar Systems 
Montvale 

Sunworks Dlv/Sunselector Corp 
Somervi 1 1 e 

W&U Solar Systems Inc 
Linden 

New Mexico 
. . 

A1 b~ !rque Western Solar Industries 
A'. - .. luerque X 
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Standard Solar Col lec to rs  Inc 
Brooklyn 

~ u i z e r  Bros Inc 
New York 

Sun Chance . 
Hurl eyvi 11 e 

Sun Tech Solar Industr les 
Chester 

Sunmaster Corp 
Corning 

Sunray Solar Heat Inc 
Brooklyn 

Technodyne Assoc I ates 
New York 

Total Energy Solar Prod M f r  
I n s t a l l  Inc 
Pa t c  hogue 

North Carolina 

A i  r Comfort Sol ar  Co 
Raleigh 

Carol i na Sol a r  Equi p e n t  Co 
Sal i sbury 

Energy Control Systems 
Raleigh 
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Energy Design Inc  
Sc henec tday 

Grunnan CorplEnergy Sys Div 
Ronkonkoma 

Hi tach i  chemical ' Co America L t d  
New York 

Meromlt Piping Heating Corp 
Forest Hi1 1 s 

Nortec Solar Indust r ies  Inc  
Ogdensburg 

Northeastern Solar Energy Corp 
Great Neck 

Prima Indust r ies  Inc 
Deer Park 

Revere Solar & Arch1 tec tu ra l  Prod 
Rome 

Solar Energy Products 
Hopewell Junc t i on 

Solar Energy Systems 
Scarsdal e 

Sol a r m  of North America 
Westbury , 

Sole ~ l a r  Energy Systems 
Sc,, A a l  e 
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Rom-Ai r Solar Systems 
Avon Lake 

SJC Corp/Div Frigiking-Tuppar 
E l y r i a  

Sol a r  Central 
Mechani csburg 

Sol a r  Energy Products, Company 
Avon Lake 

Solar Heat Corp 
Eucl i d  

Solar Home Systems Inc 
Chester1 and 

Solar Sun Inc 
Cincinnati 

Solar 1/Div Stel lar- Industr ies Inc 
Mentor 

Solartec Inc 
Sal em 

Sol arvak Inc 
Dayton 

St01 l e  Corp . .  . 
S i dney 
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Jensen Solar Inc 
Goldsboro 

Solar Devel opnent & Mfg 
Raleigh 

Solar Techno1 ogy ' International 1 - S ta tesv i l le  

Surry Solar . Services 
Mount Airy 

Whiteline Inc 
Ashevi 11 e 

I Ohi 0 - 
I 

A1 pha Sol arc0 
I Cincinnati 

Gem Mfg Corp/Solar Usage Now 
Bascom 

L i  bbey-Owens-Ford Co/Sol ar  Energy 
To1 edo X 

Mor-Flo Industr ies Inc 
C l  eve1 and 

Owens I l l i n o i s  Inc 
To1 edo 

Ral o 11 a r  Enterpri ses 
New ~ d r l i s l e  
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Company/Loca ti on Information Center 12/79 Issue Catalog SERl Contacted Responded 

A.B.C. Solar Corp 
Barto, 

Pmicks SO1 a r  Heating 
Middletown 

General ' ~ l e c t r i c ' c o  
Phi lade1 phia 

He1 i othenn Inc 
Lenni 

Overly Mfg Co 
Greensburg 

PAol i no Engrg 
C l i f t o n  Hgts 

PPG Industries Inc 
Pittsburgh 

Practical Solar Heatlng 
Beth1 ehem 

Solar Energy Associates 
He1 1 ertown 

Solar Heat Co 
Greenvi 1 1 e 

Solar She1 t e r  Engrg Co 
Kutztown 
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Oklahoma 

Cimarron Solar Industries 
Oklahoma C i t y  X 

McKim Solar Energy Systems Inc 
Tulsa X 

Westinghouse E lec t r i c  Corp/Air 
Conditioning Div 
Norman 

Oregon 

W C Brown & Associates 
Por t l  and 

I 

Kastek Corp 
Por t l  and 

- Sc ien t i f i c0  
Cottage Grove 

Sol a r k i  t s  
Phi lomath 

SunLife Solar Products Inc 
C l  ackamas 

Pennsyl vania 

Amet [nc 
Iv ,  . i d  
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South carol i na 

General Sol argeni c Corp 
John's Island 

Tennessee 

Energy Converters Inc 
Chattanooga 

Energy Design Corp 
Memphi s 

M. *L. Jackson Mfg Co 
Chattanooga 

State Industries Inc 
Ash1 and C i ty  

Sun Harvester Corp 
Knoxvi 1 1 e 

Texas - 
Ace Solar Systems 

Mission 

A1 ternat ive Energy Resources Inc 
E l  Paso 

American Sol a r  King Corp 
Waco 
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Canpany/Locatlon Information Center 12/79 Issue Catalog SERI. Contacted Responded 

. . 

Solara Inc 
Levi t town 

sunGod Solar Heat 
New B r i t a i n  

Sundevel opmnt " 

York 

Sunearth Solar Products Corp 
Harl eysvi 1 1 e 

Sunwall Inc/Sunway 
Pittsburgh 

Puerto Rico 

Solar Devices Inc I 

San Juan 

Rhode Island 

h t r o l  Inc L 

West Wamlck 

Sol ar  H m s  ' ~ n c / ~ ' u n t r o l  
Providence 

Suntree Solar Co 
Woonsocket 

Vulca ~ l a r  Industries, Inc 
Paw ,,,.:et 



@.. 
Solar Energy 

Integrated Systems 

~ a t l o n a l  Solar Maqazi ne SEIA Suppl 1 ers 
Heating & Cooling SEM '79 

~ r n n ~ a n ~ / ~ o c a t l  on Information Center 12/79 Issue Catalog SERI Contacted Responded 

Sun-a-mat i c 
Mineral We1 1 s 
. - 

Utah - 
' Griep Heating 

Sa l t  Lake C i ty  

Earth Services Inc 
Pawl e t  

Solar A1 ternat ive Inc 
Battleboro 

Vi rg in ia  

Clarks Products 81 Services 
Bluemont . 

Dunham-Bush Inc 
Harr i  sonburg 

He1 i os Corp 
Charlot tesvi l  l e  

Intertechnology/Solar Corp 
Warrenton 

Pioneer Energy Products 
Forest 



Solar Energy Integrated Systems 
 at i onal Sol a r  Magazine SEIA 

Suppl i ers 

Heating & .Cool i ng SEM '74 
Company/Location Information Center 12/79 Issue Catalog SERI Contacted Responded 

But ler  Venta-rnatic Corp 
Mineral We1 1 s 

Cole Solar Systems Inc 
Austin 

He1 i osys tems 
Dal 1 as 

Lennox Industr ies Inc 
Dall as 

Northrup Inc 
Dal 1 as 

Pres Clancey b Associates 
San ANtonio 

Solar Enterprises Inc 
A r l  ington 

Solar Kinetics Inc 
Dal 1 as X 

Solar Systems Inc 
Tyler 

Sol artech Systems Corp 
Lubbock X 

Solus Inc ' 
Houston X 

Soul s t  Standard ' 

E l  rase 
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Wisconsin 

B E solar systems Inc 
Janesvi 11 e X 

Northnes t Sol a r  Inc 
Onal aska 

Research Products ' ~ o r p  
Madi son 

SunStone Sol ar  Energy Equi w e n t  
Sheboygan X 

U e f ~ o l  Solar Div 
W t i i  tewater 

W i  ssota Solar 
Chippewa Fa1 1 s 

Park Energy Co 
Jackson X 

Washinqton D C 

Natural Energy Corporati on 

Solar Comfort Division, 
Solar Systems Inc 
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Heating & Cooling SEM '74 

Company/Loca t 1 on Informati OF Center 12/79 Issue Catalog SERI Contacted Responded 

Reynolds Metal s Company 
Richmond 

Solar Pmerican Co Inc 
W i l l  iamsburg 

Solar One L td  ' 
V i rg in ia  Beach 

Solar Water Panels Inc 
Petersburg X 

~ h i n i a  Solar Components Inc 
Rusthrg  X 

Westinghouse E lec t r i c  Corp/Sol ar  co 
Fa l ls  Church X 

Washi ngton 

ELK Service Co 
Bothel 1 X 

Energy Product ton -Sys terns Inc 
Everett . X 

Pract ical  Sol a r  Systems 
Kent 

'West Vi rg in ia  

Sola 1,uipment Dis t r ibutors Inc/ 
D i , .  ,.: Yago Systems Design 
B a r ~ o u r s v i l l e  
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SOLAR WATER HEATER SYSTEM SUPPLIERS 
FROM SAMPLE SURVEY 

1. Acorn Structures 28. Grumnan 

2. Advanced Energy Tec hnol ogy , I nc . 29. Halstead & MI tche l l  

3. A i r  Comfort, Inc. 30. Heliotherm 

4. A l ten  Corp. I 31. Horizon 

5. Al te rna te  Energy Indus t r ies  . 32. Hyperion 

6. A1 tern 'a t i  ve Energy Resources 33. W. L. Jackson Mfg. Co., Inc.  

7. American Solar  eat' Corp 34. Largo Solar Systems, Inc.  

8. American Solar King Corp 35. Lennox 

9. Ametek 36, Mor-Flo Industr ies,  Inc. 

10. h i c k s  37. National Solar Corp. 

11. Beam Engineering, Inc. 38. Northrup Energy 

12. B i  o-Energy Systems, Inc . 39. Novan ~ n e r ~ ~ ,  Inc.  

13. Buckmaster Indus t r ies  40. OEM Products, Inc. 

14. Cal i fo rn ia  Sun Energy 41. Porter  Energy Products 

15. Cole SOI ar systems, Inc.  

16. Columbia Chase Solar  Energy 

17. Conserdyne Corp 

18. Copper State Solar  Products 

19. Dixon Energy Systems, Inc. 

20. Dumont Indust r ies  

21. E&K Service Co. 

22. E l  b a r t  Co. 

23. Energy Converters, Inc. 

24. Energy Design Corp. 

25. Energy Sys tems , Inc . 
26. Entropy Ltd. 

27. General E l e c t r i c  

42. RA Energy Systems, Inc.  

43. Ramada Energy Systems, Inc. 

44. Raypak, liiC. 

45. Reynolds Metal s Co. 

46. Rheem 

47. W. R. Robbins 

48. SJC Corp , 

49. Semco Corp. 

50. A. 0. Smith.. 

51. Solafern (Fern Engineering) 

52. Solar Development, Inc., Pocatel l o  

53. Solar Development, Inc., R iv ie ra  E h, , 

54. Solar  Dynamics o f  Arizona 



- - . Solar-En Corp. 

56. Solar Energy Products Co., Avon Lake, Ohio 

57. 'solar  Energy Products, Inc., Gainesvi l  l e ,  FL 

58. Solar Energy Research Corp. 

59. Solar Flame Systems 

60. Solar  Industr ies,  Inc.  

61. Solar  King In ternat iona l  

62. Solar  L iv ing,  Inc. 

63. Solar Products Mfg. Corp. 

64. Solar Special t ies,  Inc.  

65. Solar Unlimited, Inc. 

66. Solargizer 

67.. Sol aron Corp. 

68. Southeastern Solar  Systems, Inc. 

69. State Indust r ies  

70. sun Dance 

71. Sunduit, Inc.  

72. Sunearth Solar Products Corp. 

73. Sunmaster Corp. 

74. Sunstone Solar Energy Equipnent 

75. Suntree Solar Co. 

76. Sunworks 

77. Techni t r ek  Corp. 

78. Unf ted Mater ia ls 

79. V i r g i n i a  Solar Components 

80. Vulcan Solar Industr ies,  Inc. 

el. Western Solar Developnent, Inc. 

82. N. H. Yates L Co., Inc.  
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GENERIC CLASSIFICATION OF RESPONDENTS 

82 Respondents 

1 6 ' Crr .L  6 
C, U C,u -9 aJ L 
U L 0 C U t  L't . 

. Company/Locat ion T L .r L r r  
C 3 z  0 0  on m e  

Advanced Energy, Techno1 ogy 
10s Gatos, CA X 

Air Comfort, Inc. 
Raleigh, NC 

Alten Corp 
Mountain View, CA 

A1 ternate  Energy Industries 
New York, NY 

American Solar Heat Corp 
Danbury, Conn 

American Solar King Corp 
Waco, TX 

Ametek 
Ivyland, PA 

h i c k s  Solar Heating 
Middletown, PA 

Beam Engineering 
' Sunnyvale, CA X 

Bio-Energy Systems, Inc 
S tor rs ,  Conn 

Cal i fornia Sun Energy 
Sunnymead, Ck 

Col e So1 ar Systems 
Aust in ,  TX 

Col mbi a Chase Sol a r  Energy 
Holbrook, Mass 

Conserdyne 
Glendale, CA 

Copper S ta te  Solar Products 
Phoenix, Ariz 



GENERIC CLASSIFICATION OF RESPONDENTS 

82 Respondents 

2: w 
0 2: 
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U L U E 
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Company/Loca t ion .c -r L E E 

.rL -< S F  

omz o m  on  'rr a+ < 

Dixon Energy Systems 
Hadley MA X X 

E&K Service Co 
Bothel 1 ,  Wash 

I 

Elbart Co 
Millbury, Mass 

Dumont Industries 
Monmouth, MA 

Energy Converters 
Chattanooga, TN 

Energy Systems, Inc. 
San DIego, CA 

Entropy L t d  
Boulder, CO 

Grumnan Energy Systems, Inc. 
Ronkonkoma, N Y  

Halstead &  itche ell 
Scottsboro , AL 

Heliotherm, Inc. 
Lenni, PA 

Hari zon 
Homestead, FL 

Hyperion, Inc 
Boulder, CO 

W L Jackson 
Chattanooga, TN 

Solar Systems 
D ntat ion,  FL 

Mor-Fl o 
C l  eve1 and, Ohio 

Heat pipe solpar water heater  



Northrup Energy 
Hutchins, TX 

Novan Energy 
Boulder, CO 

OEM Products, Inc.  
Dover, FL 

Ra-Energy Systems, Inc  . 
Lakeside, CA X 

Raypak, Inc. 
Westlake Vi l lage,  CA X 

Rheem 
Chicago, I L  

W R Robbins & Son 
iMiami , FL 

SJC Corp 
Elyria,. Ohio 

Semco Corp 
F t  Lauderdale, FL 

A 0.  Smith 
Kankakee, I 1  

Sol a fe rn  
Bourne, MASS 

Solar Devel opment , Inc  
Pocatel 1 o , Idaho 

GENERIC CLASS1 FICAT I O N  OF RESPONDENTS 

82 Respondents 

Solar Development I nc  
R iv ie ra  Beach, FL X X 

Solar Dynamics o f  Arizona 
Lake Havasu City, AZ X 



GENERIC CLASS1 FI CAT ION OF RESPONDENTS 

82 Respondents 

Sol ar-En Corp 
Denville, NJ 

Solar  Energy Products 
Avon Lake, Ohio 

Solar  Energy Products, Inc. 
Gainesvi 11 e ,  FL X X 

Sol a r  ' Energy Research Corp 
Longrnont, CO X 

Solar Indust r ies  
Farmi ngdal e ,, NJ 

Solar  King International  
Canoga Park, CA X X 

Solar  Living, Inc 
Netcong, NJ X 

Solar  Products Mfg 
Cromwel 1 , CT 

So la r  Unl imi t ed ,  Inc. 
Huntsvil le ,  AL 

sol  a rg ize r  ~ n t e r n a t i o n a l  ; Inc . 
Mi nneapol i s , MN 

Sol.aron 1 Denver, CO 

Sundui t , Inc . 
Virgin, IL 

Sunearth Solar  
Harl eysvi 1 1 e , PA 

Evacuated tube,  drai.nback SDHW Heater corning, NY 



GENERIC CLASSIFICATION OF RESPONDENTS 

82 Respondents * 
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Company/Locat ion . v W  T C  
OP:  n o  o n  m u  

Sunstone 
Baraboo, WI 

Suntree Sol a r  
Woonsocket, RI . . 

Sunworks 
Somervi 11 e ,  NJ 

Techni trek Corp 
San Leandro, CA 

United Materials, Inc. 
Denver, CO 

Virginia Solar Components 
Rustburg, YA X X 

Western Solar 
Vacavi 11 e ,  CA 

N H Yates & Co., Lnc 
Si 1 ver Spring, MD 

TOTALS 

% of Total 
Generic Types 

The following respondents e i the r  did not provide suff icient  information to  make 
a detennination, o r  the company does not supply solar  domestic hot water heating 
systems : 

Acorn Structures 
Concord, Mass 

Buckmaster Industries 
Sunnymead, CA 

4 

A1 ternate Energy Resources Energy Design Corp 
E l  Paso, Texas . - Memphis, TN 



General E l e c t r i c  Space D i v i s i o n  
Phi 1 adel ph i  a, PA 

Reynolds Metals Co 
Richmond, VA 

Lennox 
Dal las, TX 

Sol a r f l  ame Systems 
LeRoy, I L  

Nat ional  So lar  Corp 
01 d Saybrook CT 

Sol a r  Speci a1 ti es 
Golden, CO 

Por ter  Energy Products 
Newark, Delaware 

Southeastern Solar  Systems, Inc  
At lan ta ,  GA 

. Ramada Energy Systems, Inc .  
Tempe, Arizona 

' S ta te  I n d u s t r i e s  
Ashland City,, TN & Henderson, Nevada 

*a2 Respondents o f  226 contacted 
and 364 1 i s t e d  

Sun Dance, I n c  
Miami Lakes, FL 

Vulcan Solar  Indust r ies ,  I nc  
Smi th f ie ld ,  R I  



APPENDIX I V  

SOLAR HOT WATER SYSTEM SUPPLIERS - - 

SYSTEM COLLECTOR PERFORMANCE 



LIST OF COMPANIES 

Non-Selective, Double Glass 

I Intercepts 

Company rl 
Ti -Ta/ I Slope 

National Solar Corp. 

N.H. Yates & Co. 

I Libby-Owens-Ford 

Halstead & Mitchell 

Di xon Energy Systems 

Raypak, Inc. 

SJC Corp 

Dumont Industries 

I Ramada Energy Systems, Inc. 

Beam Engineering 

Energy Systems, Inc. 

FSEC Test (mean of several 
col 1 ectors tested) 



SOLAR HOT WATER SYSTE11 SUPPLIERS - 
SYSTEM COLLECTOR PERFORMANCE . 

Non-Sel ect ive,  Single Glass 
. . 

In tercepts 

Company n T i  -Tal I Slope 

Northrup 

N.H. Yates & Co. 

L i  bby-Owens-Ford 

N.H. Yates & Co. 

Solar Indus t r ies  

Ramada Energy Systems, Inc.  

United Ma.teria1 s 

Southeastern Solar  Systems, Inc. 

Copper State Solar  Products 

Ra Energy 

SJC Corp. ' 

Solaron Corp 

Solar Energy Products Corp. 

Solar King In te rna t iona l  

FSEC Test (mean o f  several 
co l  1 ectors tested) 

Beam Eng i neer i ng 

W.R. Robbins & Son Roofing Co. 

Energy Systems , I nc . 



LIST OF COMPANIES 

Selective, Sinqle Glass (continued) 

Intercepts 
n Ti-T?/* Slope Company 

General Electric Co. 

Sol afern (Fern Engineering) 

Sol aron ~ o r p .  



LIST OF COMPANIES 

Selective,  Single Glass 

Intercepts 
n Ti -Ta/ I Company 

L i  bby-Owens-Ford .805 .83 

N.H. Yates & Co. .792 .849 

N.H. Yates & Co. .775 .831 

N.H. Yates & Co. .764 .711 

Ametek .76 1.01 

Virginia Solar Components 

N.H. Yates & Co. 

Lennox 

Cole Solar Systems, Inc. 

Solar King International 

Solaron Corp. 

Sol ar-En Corp 

A. 0. Smith 

, Novan 

Sol ar-En Corp 

Solar Development Inc. --Northwest 

Grumnan 

Energy Systems, Inc . 
Western Solar Development .70 .509 

FSEC Test (mean of several 
col 1 ectors  tes ted)  

California Sun Energy 

Sun Dance .588 .336 

Slope 

-. 970 



LIST OF COMPANIES 

Se lect ive ,  P l a s t i c  

I n t e r c e p t s  

Company rl T i  -WI Slope 

Heliotherm, I n c .  

Western Solar  Developtent,  I n c .  

Grumma n 



LIST OF COMPANIES 

Selective, Double Glass 

Intercepts 
company rl Ti - T d I  slope 

Beam Engi neeri ng 

N . H .  Yates & Co. 

Sol ar-En Corp. 

Cole Solar Systems, Inc. 

Solar-En Corp 

FSEC Test (mean of several 
col lectors tested) 



LIST OF COMPANIES 

Selective, Evacuated Tube 

Intercepts 

Company T i  -Tal I Sl ope rl 

Sunmaster Corp 



LIST OF COMPANIES 

Non-Selective, P las t i c  

In tercepts  

Company rl 
T i  -Ta/ I Sl ope 

Solar E,nergy Research Corp. .80 1.026 - .78 

Technitrek Corp. ,738 . ' .520 -1.42 

Columbia Chase Solar  Energy 

Solar Unl i m i  t ed  Inc.  

Sunearth Solar Products 

Acorn 

Advanced Energy Techno1 ogy 

Horizon Enterpr i  ses 

Solarqizer In ternat iona l ,  Inc. 

FSEC Test (double cover co l  1 ectors 
.tcs ted  ) 

Western Solar Development , I nc. 

FSEC Test ( s i  ngl  e cover co l  1 ectors 
tested) 



APPENDIX V 

PERFORMANCE RESULTS 



CITY: Denver 2 
SYSTEM: D i r e c t  r e c i r c u l a t i o n  (5.422 m ) 

E l  e c t r i  c a l  Energy 
Disp laced (63)  So la r  

Paras i  t i c s  Paras i  t i c s  Thermal Sys tern F r a c t i o n  (%) System 
Month n o t  i nc luded  i n c l  uded E f f i c i e n c y  E f f i c i e n c y  Gross Net  COP 

J 1 .359 1 . I89 .411 .359 75.9 66.4 8.0 
F 1.353 .- 1 .204 .409 .364 83.5 74.3 9.1 
M 1 .549 1.409 .381 .346 90.5 82.4 11.1 
A 1 .361 1.270 .349 .325 90.1 84.1. 15.0 
M 1.313 1.223 .332 .309 91.2 84.9 14.6 
J 1 . I92  1 . I01  .305 . .282 96.1 88.8 13.1 
J 1 .098 1.008. .270 .248 97.2 89.'2 12.2 
A 1 . I43 1.052 -381 .259 97.7 89.9 12.6 
S 1 . I17  1 .040 .275 .256 95.4. 88.9 14.8 
0 1 .267 1.176 .316 .293 90.5 84.0 13.9 
N 1 .344 1.173 .427 .373 76.8 67.0 7.9 
D 1.216 1.045 .407 .35.0 69.5 59.7 7.1 

Year 15.11 13.75 .337 ' .308 86.4 78.6 11.1 



CITY: Denver 2 
SYSTEM: D i r e c t  'drain-down (5 rn ) 

E l e c t r i c a l  Energy 
Di sp l  aced (63) Solar  

Parasi t i c s  Parasi t i c s  Thermal System F r a c t i o n  (%) System 
Month n o t  inc luded inc luded E f f i c i e n c y  E f f i c i e n c y  Gross Net COP 

J 1.296 1 .235 .425 .405 72.4 69 21.2 
F 1 .307 1.247 ,428 .409 80.7 77 21.8 
M 1 .524 1.454 .406 .388 89.1 85 21.8 
A 1.398. 1.329 .388 ,369 92.6 88 20.3 
M 1.372 1 .2,82 .376 .351 95.3 89 15.2 
J 1.24 1 . li66 .344 .324. 100. 94 16.3 
J 1.13 1 . Cl85 .301 .289 100. 96 25.1 
A 1.17 - 1 . I23 .312 .300 100: 96 24.9 
S 1.17' 1.112 .312 ,285 100. 95 20.2 
0 1.316 1 .246 .356 .337 94. 89 18.8- 
N 1 . I61 . 1 .I01 ,400 .380 . ' 74.9 71 19.4 
D 1 . I53 1 . l o3  .419 .401 65.9 63 . 23.1 

\ 

Year 15.32 14.52 .371 . .351 87.6 . 8 3  . 19.2 



CITY: Denver 2 
SYSTEM: ~ v a c u a t e i  tube (3.9 m ) 

El  e c t r l  c a l  Energy 
D i  sp l  aced (GJ ) Solar  

Parasi t i c s  Parasi t i c s  Thermal system Frac t ion  (%) S:ystem 
Month n o t  inc luded inc luded E f f i c i e n c y  E f f i c i e n c y  Gross Net COP 

J .988 .832 .415 .350 55.2 46.5 6.3 
F 1.015 .849 *.427 .357 62.6 52.4 6.1 
M 1 .220 1.024 .417 .350 71.3 59.9 5.2 
A 1 . I66 .950 .415 .338 77.2 62.9 5.4 
M . 1 . I78  .932 .413 .327 81.8 64.7 4.8 
J 1 .I11 ,875 .396 .312 89.6 70.6 . 4.7 
J 1 ,074 .848 ; 367 .290 95.0 75.0 1.8 
A 1 . lo6  .880 .378 .301 94.5 75.2 4.9 
S 1 ,078 .872 .369 .298 92.1 74.5 5.2 
0 1 .I17 .921 .387 .319 79.8 65.8 5.7 
N .918 .752 ,405 ,332 59.2 48.5 5.5 
D .874 ' .728 .407 .33.9 49.9 41.6 16.0 

Year 13.49 11 .ll .419 * . .345 77.1 63.5. 15.7 



C I T Y :  Denver 2  
SYSTEM: D i r e c t  r e c i r c u l a t i o n  (5 .427~1 ) 

E l e c t r i c a l  Enerq .~  .- 
Disp laced (GJ) . 

Parasi t i c s  
Month n o t  i nc l uded  

S o l a r  , 

F r a c t i o n  (%) 
Gross Net 



-. 

a I 

CITY: Denver 
SYSTEM: I n d i r e c t  (4.752 rn2) 

E l e c t r i c a l  Energy 
Displaced (63) Solar 

. Parasi ti cs Parasi t i c s  Thermal System Frac t ion  (%) System 
Month n o t  inc luded included E f f i c i ency  E f f i c i ency  Gross Net COP 

J 1 .278 1.217 .441 ,420 71.4 68 20.9 
F 1.307 1.216 .451 .420 80.7 76 14.4 
M 1.522 1.436 .427 .403 89.0 84 17.7 
A 1.401 1.314 .409 .384 92.8 87 16.1 
M 1.369 1 ,282 .395 .370 95 .'l 89 1.5.7 
J 1.24 1 .I66 .362 ,341 100. 94 16.8 
J 1.13 1.062 .317 .298 100. 94 l6.6 
A 1.17 1 . I00 ..328 .309 100. 94 16.7 
S 1.17 1 . I00 .328 .309 100. 94 16.7 
0 1.316 1.246 .374 .354 94. . 8 9  18.8 
N 1 . I55 1 .085 .419 .394 74.5 70 16.5 
D 1 . I45 1 .085 ,438 .415 65.4 62. 19.1 

Year 15.01 14.17 .383 . . .361 85.8 ' 81 ' '07.8 
i. 



CITY: Denver 2 SYSTEM: Direct  drain-back (4.736 m ) 

I E l e c t r i c a l  Energy -. 

Di spl aced (GJ ) Solar 
Parasi t i c s  Paras,i t i c s  Thermal System Fraction (%) System 

Month not i ncl uded i ncl uded Ef f ic iency Ef  f i ciency Gross Net COP 

I year 15.04 13.1:2 .385 ' , .336 86 7 5 7.8 



CITY: Los Angeles 2 
SYSTEM: D i r e c t  r e c i r c u l a t i o n  (8.133111) 

E l e c t r i c a l  Energy 
D i  sp l  aced (63) Solar  

P a r a s i t i c s  Parasi t i c s  Thermal System F r a c t i o n  (%) System 
Month n o t  inc luded inc luded E f f i c i e n c y .  E f f i c i e n c y  Gross Net COP 

3 1 .454 1 .283 .365 ,322 85 7 5 8.5 
F 1 .391 1.243 ,329 .294 94 84 9.4 
M 1.424 1 .282 .261 .235 98.9 8 9 .  10.0 
A 1.347 1.256 .247 .231 97.6 9 1 ,  14.8 
M 1.239 1 . I48  .235 .217 93.9 87 13.6 
J '1.082 .992 .215 . I97 99.3 91 12.0 
J 1.09 .992 . I89 . I72  100.' 92 11.1 
A 0.97 .883 .I71 . I55 100. 91 91.1 
S 1 .OO .91 . I95 . I77 100. 91 .k1.1 
0 1 . I23 1.018 .23 .209 96 87 10.7 
N 1 . I75  1.003 .283 .242 89 76 6.8 
D 1.419 1 ,248 .371 .327 83 7 3 8.3 

Year 14.71. 13.345 .250 * . .227 93.7 85 ' 10.7 
I 



CITY: Los Angeles 2 - SYSTEM: D i r ec t  drain-down d5m ) 

1 

El e c t r i c a l  Energy 
Di sp l  aced (GJ ) Solar  

Parasi ti cs. .Paras i t i cs  Thermal System Frac t ion  (%) System 
Month no t  inc luded included E f f i c i ency  E f f i c i ency  Gross Net COP 

J 1.214 1 . I54 .496 .471 71.0 67.5 20.2 
F 1.215 1 . I54 .467 ,444 82.1 78 20.2 
M 1 .344 1'. 196 .401 .380 93.3 88.4 9.1 
A 1.325 1.261 .396 . .377 96.0 91.4 20.7 
M 1 .250 1 .I60 .385 .357 94.7 87.9 13.4 
J 1 .050 .959 .339 .310 96.3 88.0 11.5 
J 1 .090 1 .010 .307 .285 100. 92.7 13.6 
A .97 .89 .277 .254 100. 91.8 12.1 
S .983 .S97 .312 .290 98.3 91.3 11.4 
0 1.062 .992 .354 .331 90.8 84.8 15.2 , 

N 1 .031 .972 .404 .381 '78.1 73.6 17.5 
D 1.158 . 1 . lo8  .493 ,472 67.7 64.8 22.2 

Year 13.5 12.72 .373 .352 86 8 1 17.3 



CITY:  Los Ang,eles 2 SYSTEM: D i r e c t  drain-back (4.736 rn ) 

E l e c t r i c a l  Energy 
Displaced (GJ) Solar  . 

Parasi t i c s  Parasi t i c s  Thermal Sys tern F rac t ion  (%) System 
Month n o t  inc luded included E f f i c i e n c y  . E f f i c i e n c y  Gross Net COP 

J . 1.052 ,922 .453 .. 397 61.5 53.9 8.1 
F 1.079 - .938 .438 .381 72.9 63.4 7.7 
M 1.212 1 .063 .382 .335 84.2 73.8 8.1 
A 1 ,231 1 ,061 .388 .. 334 89.2 76.9 7.2 . 
M 1 . I72  .972 .381 .316 88.8 73.6 5.9 
J 1.016 .816 .346 ,278 93.2 74.9 5.1 
J 1.09 .888 .324 .264 . 100. 81.5 5.4 
A .97 .795 .293 .240 100. 82.0 5.5 
S .976 .772 .327 .265 97.6 79.1 4.5 . 
0 1.031 ,832 .363 .293 88.1 71.1 5.2 . 

N .916 .787 .379 ,326 , 69.4 59.6 7.1 
D 1 .002 .882 .450 .39.6 58.6 51.6 8.4 . 

Year 12.55 10.676. .366 ' . ,311 80 68 6.7 



CITY: Los Angeles 2 
SYSTEM: Evacuated Tube (3.9 m ) 

E l e c t r i c a l  Energy 
Displaced (63) Solar  

Parasi t i c s  Pa ra j i  t i c s  Thermal System Frac t ion  (%) System 
Month .no t  i n c l  uded i ncll uded E f f i c i ency  E f  f i ciency Gross Net COP 

3 .858 -71 1 .449 .372 50.2 41.6 5.8 
F .881 .736 .434 .363 59.5 49.7 6.1 
M 1.043 .857 ,400 .328 72.4 59.5 5.6 
A 1.056 .860 .404 .329 76.5 62.3 , 5.4 
M 1.014 .788 .400 .311 76.8 59.7 4.5 
J .932 .671 .385 .278 85:5 61.6 3.6 
J 1.003 . .767 .362 ,277 92.0 70.4 4.3 
A .925 .698 .338 .256 95.4 72.0 4.1 
S .857 -566 .349 .230 85.7 66.1 2.9 
0 .855 -679 .365 .290 73.1 58.0 4.9 
N .779 ,623 .392 .313 59.0 47.2 5.0 
D .816 ,679 .445 .370 47.7 39.7 6.0 

Year 11.29 9.40 .400 * . .333 71.9 59.87 6.0 



C I T Y :  Phoenix 2 SYSTEM: . D i r ec t  Draindown (5m ) 

.. 

El e c t r i c a l  Energy 
Displaced (GJ ) Solar  

Parasi t i c s  Parasi t i c s  Thermal System Frac t ion  (%l System 
Month no t  included, included E f f i c i ency  E f f i c i ency  Gross Net CClP 

J .992 .962 .405 .393 84.8 82.2 - 33.1 
F ,980 .920 .356 ,335 93.3 . 87.6 16.3 
M 1 .080 1.013 .323 ,303 99.0 92.9 16.1 
A .94 .848 .251 ,226 100.. 90.2 10.2 

\ 
M .93 .846 .218 1 9:s 100. , 91.0 11.1 
J .75 .666 .I86 .16.5 100. 88.8 8.9 
J .70 .622 .I90 . I69 100. 88.6 9.0 
A .66 .585 .I78 . I58 100. 88.6 , . 8.8 
S .68 .609 .I93 ,172 100. 89.6 9.6 

' 0 .82 .756 .246 .226 100. 92.3 12.8 
N .94 .860 .319 .212 100. 91.5 18.8 
D .93, .875 .389 .366 85.3' 80.3 16.9 

Year 10.40 9.56 .259 .238 96:2 88.4 12.3 

+ b. 



CITY: Los Angeles 2 
SYSTEM: Indirect  (4.752 m ) 

Elec t r ica l  Energy 
D i  spl aced (GJ ) Solar 

Parasi t i c s  Parasi t i c s  Thermal System Fraction (%) System 
Month not included included Efficiency Efficiency Gross Net COP 

J 1 .206 1 .I46 ,518 .492 70.5 67 20.1 
F 1.215 1 .I45 ,492 .464 82.1 77.4 17.4 
M 1 .346 1 .267 .423 .398 93.5 88 17.0 
A 1 .336 1.256 .420 .394 96.8 91 . 16.7 
M 1.237 1 . I% .400 .374 93.7 87.6 15.3 
J 1 .028 .958 .349 .325 94.3 87.9 14-7 
J 1.09 1 .025 .323 .304 100. 94 16.8 
A .97 .go2 .292 .271 100.' 93 14.3 
S .98 .8% .327 .304 98 91.0 11.1 
0 1.06 .99 .372 .347 90.6 84.6 15.1 
N 1.038 . 9 a  .428 .399 78.6 73.3 14.8 
D 1 .I61 1.101 .520 .4 9.3 67.9 64.4 '19.4 

Year 13.72 12.87 .399 - . .374 87.4 82 16.1 
I 



CITY: Phoenix 2 
SYSTEM: Evacuated Tube (3.903 m ) 

El ectri cal Energy 
Displaced (GJ) Solar 

Parasi t i  cs  Parasi t i c s  Thermal System Fraction (%) Sys.tem 
Month not  i ncl uded included Efficiency Efficiency Gross Net COP 

J .943 - .766 .493 .401 80.6 65.5 5-4 
F .902 .720 .420 ,336 85.9 68.6 5-0 
M .989 .774 .379 .297 90.7 71.0 4 - 6  
A .88 ,651 .301 .223 93.6 69.3 3-8  
M .93 .66 .279 . I98 100. 71.0 . 3-4  
J .75 ,493 .238 .I57 100. 65.7 2 - 8  - 
J .70 .461 .244 .I61 100. 65.9 2-9 
A .66 .416 .229 .I44 100. 63.0 2.7 
S .68 .455 ,248 - 1 6 6  100. 66.9 3 - 0  
0 .807 .'596 .310 .229 98.4 72.7 3 - 8  
N .866 ,678 .376 .295 92.1 72.1 4.6 
D .888 .717 .484 .39] 81.5 65.8 5.2 

Year 9.05 6.47 .289 .206 ' 92.4 68.5 3 . 5  
i 



CITY: Phoenix 
SYSTEM: D i r ec t  r e c i r c u l a t i o n  (5.42 m2) 

> 

El  e c t r i  ca l  Energy 
D i  sp l  aced (63)  Solar 

Parasi t i c s  Parasi t i c s  Thermal System Frac t ion  (%) System 
Month n o t  inc luded included E f f i c i ency  E f f i c i ency  Gross Net COP 

J .875 .79C ,329 .298 74.8 67.8 10.7 
F .924 .845 ,310 .285 88.0 80.9 12.3 
M 1.060 .992 .292 .273 97.2 91.0 15.6 
A .807 .735 ,199 ,181 85.9 78.2 11.2 - 
M .93 .846 ,201 ,182 100. 91.0 11.1 
J .75 .668 .I71 . I53 100. 89.1 9.1 
J .70 .623 . I76 ,156 100. 89.0 9.1 
A .66 .586 .I64 .I46 100. 88.8 8.9 
S .68 .609 . I78 . I60 100. 89.6 9.6 
0 .82 .756 .226 .209 100. 92.3 12.8 
N .934 .876 .292 .274 99.4 93.8 16.1 
D .784 .692 .303 .267 71.9 63.5 8.5 

Year 10.04 9.139 .230 .210 92.8 84.5 11.1 



CITY: Phoenix 2 SYSTEM: Ind i rec t  (4.752 m ) 

I El e c t r i  ca l  ~ n e r w  
1 '  Di s ~ l  aced (GJ I-- Solar --. .- 

~ a r a s i  t i c s  ~ a r i s i  t i c s  Thermal Sys tern Fraction (%L System I Month not included included Ef f ic iency Ef f ic iency Gross Net COP 

J - .979 .912 .420 .392 . 83.7 77.9 14.6 
F ,975 .908 ,373 .347 92.8 86.5 . 14-5 
M 1 .063 ,991 ,334 .312 97.5 90.9 14-8 
A .914. .847 ,257 .238 92.2 90.1 13-6 
M .93 .857 .229 .211 100. 92.2 12.7 
J .75 .686 .I96 .I79 100. 91.5 11.7 
J .70 .640 ,200 .I83 100. 91.4 11.87 
A .66 .602 .I88 .I71 100. 91.2 11.4 
S .68 .624 .203 .I87 100. 81.8. 12.~1 
0 .82 .758 .258 .239 100. 92.4 13-2 
N .936 .873 ,334 - .311 99.6 92.9 14.6 
D .911 .849 .401- .374 83.6 77.9 14.7 

. . 

. - 
Year 10.31 9.54 .270 .250 95.4 88.3' 13.4 



CITY: Phoenix 2 
SYSTEM: - D i r ec t  drain-back (4.734 m ) . - 

I 

E l e c t r i c a l  Energy 
D i  sp l  aced (63)  Solar 

Parasi t i c s  Parasi t i c s  Thermal Sys tern F rac t ion  (%) System 
Month no t  inc luded included E f f i c i ency  E f f i c i ency  Gross Net COP 

J 1.04 .896 .448 .386 88.8 76.6. 7.2 
F .902 .756 .346 .290 85.9 72.0 6.2 
M 1.09 .925 .344 .292 100. 84.9 6.6 
A .94 .765 .265 .216 100. 81.4 ' 5.4 
M .93 .720 .230 .I79 100. 77.4 4.4 
J .,75 .54; . I96 ,142 100. 72.1 3.6 
J .70 .506 .I83 . I32 100. 72.3 3.6 
A .66 ,473 .I90 . I36 100. 71.7 3.5 
S .68 ' .504. . I94 1 4 4  , 100. 74.1 3.9 
0 .82 .661 ,259 .209 100. 80.6 5.2 
N .94 .795 .336 .285 100. 84.9 6.6 
D .96 .830 .423 . .367 88.1 76.1 7.4 

Year 10.51 8.463 .276 .222 97.2 78.3. 5.31 
* a 



CITY: Washington, D. C.. 2 
SYSTEM: Direct  rec i rcu la t ion  (5.422 m ) 

E l e c t r i c a l  Energy 
Displaced (GJ) Solar 

Parasi t i c s  Parasi t i c s  Thermal System Fract ion ( X )  System 
Month not  included included Ef f ic iency Ef f ic iency Gross Net COP 

D .362 
. . , .  . . . . I94  

9.074 7.816 .305 .263 59.0 50.8'  7 . 2  Year 



CITY: Washington, D.C. 
SYSTEM: Direct  drain-down (5 m2) 

Elect r ica l  Energy 
I 

D l  sgl aced (GJ) Solar 
Parasi t i c s  Parasi t i c s  Thermal System Fraction (%) ' System 

Month not included included Ef f ic iency Ef f ic iency Gross  net - COP 

J ,750 .701 .455 .425 44.9 42.0 15.8 
F .753 .704 .443 .414 '49.8 46.7 15.4 
M- 1 . 001 .938 ,417 .391 67.6 63.4 15.9 
A 1 086 1.018 .418 -392 80.4 75.4 16.0 ; 
M 1 065 ,990 ,380 .354 85.9 79.8 14.2 
J 1 .070 .995 ,369 .343 94.7 ' 88.1 14.3 
J 1.083 .998 .394 -363 92.6 85.3 12,7 
A .755 .683 .256 ,232 84.8 76.7 10.5 
S .815 .755 ,333 .308 94.8 87.8 13.6 
0 .860 .802 ,391 -365 76.1 71.0 14.8 
N .712 -660 .432 .400 52.7 48.9 14.6 
D 

. . . . . . 
.619 -574, . . . -459 -425 

, . 38.9 36.1 13.8 
- 

I 
Year 10.69 ' 9.94 ,391 .364 69.5 64.6' 14.3 



CITY: Washingt0n;D.C. 
SYSTEM: I n d i r e c t  (4.752 m ) 

E l e c t r i c a l  Energy 
Di sp l  aced (GJ ) Solar  

Parasi ti cs Parasi t i c s  Thermal .System Frac t ion  (%) System 
Month n o t  inc luded included E f f i c i ency  E f f i c i ency  Gross Net COP 

J .777 .722 .495 ,460 46.5 43.2 13.1 
F .739 .685 .457 ,424 48.9 45.3 13.9 
M .987 .917 .433 .402 66.7 62.0 14,.1 
A ' 1.071 .996 .433 .403 79.3 73.7 14.3 
M 1.060 .977 .398 .367 85.5 78.8 12-8 
J 1.062 .982 .385 .356 94.0 86.9 13-3 
J 1.079 .990 .4.13 .379 92.2 84.6 12.1 
A ,881 .807 .314 .288 99.0 90.7, 12.0 
S .805 .740 .346 .318 93.6 86.0 12.4 
0 .856 .792 ,409 .379 75.8 70.1 13.3 
N .708 .651 .451 .415 52.4 48.2 12-4 
D .604 .556 .471 .433 38.0 . 35.0 12-6. 

Year 10.631 9.81 .408 ' .377 69.1 63.8 12:.9 



CITY: Washington, D.C. 
SYSTEM: Evacuated tube (3.9 m2) 

E l e c t r i c a l  Energy 
Di s p l  aced (GJ ) So la r  

Parasi t i c s  P a r a s i t i c s  Thermal . System F r a c t i o n  (%) System 
Month n o t  inc luded inc luded E f f i c i e n c y  E f f i c i e n c y  Gross Net  COP 

J .656 .514 .510 .400 39.3 30.8 4.6 
F .661 .52C, .514 .404 43.8 34.4 4.7 
M .874 .695 .467 .371 59.1 47.0 4.9 
A .911 .71 E; .449 ,354 67.5 53.2 4.7 
M .909 .69 i  ,416 .319 73.3 56.2 4.3 
J .939 .722 .415 .319 83.1 63.9 4.3 
J .874 .657 .407 .306 74.7 56.2 4.0 
A .883 .671 .384 .292 99.2 75.4 ' 4.2 
s .729 .547 .381 .286 84.8 63.6 4.0 
0 ,769 .599 .448 .349 68.1 53.0 4.5 
N .615 ,468 .478 .364 45.6 34.7 4.2 
D . . .531 .402 .504 .382 33.4 25.3 ' 4.1 

. . .  . 

Year 9.298 7.160 .435 .335 60.5 46.5' 4.3 
r 





COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DllW HEATERS 
CONSIDERING' CURRENT AND FUTURE FINANCING SCENARIOS. 
cIm: Denver SYSTEM: DRAIN WMN 

IMPROVEMENT LOAN: 22%; 5 years 
HOME MORTGAGE: 11%; 30 years 

I 
SOLARBANK: 5.581 12 years 

WITHOUT CREDITS WITH CURRENT CREDITS WITH PROPOSED CREDITS v I 4  a 
E PI: , E 
I 0 

2 
CP 

ELECTRIC GAS 
C 

P a  
BS P 

0 0 
I 

n tp 8 t~ V1 
. .  . 

4 . ~ 5  . 5t.e 

I .  fit: 
/ . t o  

l . v7  
P.1 9 
tl .$ I : 

h.46 

h.t!H 
fl , n t.: 
' t .  I t 1  

- 9 , . $ 5  
' 9  . 
9.hir 

1 l i . r l c (  

1 1 1 .  Sn 
1 I.: . n'j  
1t: .95 
I l . r l V  

I I .5n  

5 > m Q O  

b d .  /'J 
5\! . 
t4qmii(i 

ic't. Z Y  
fim(13 
rC,(iIr 

t! , I.' 5 
U m U b  

fi.(lt) 

M.I#Y 
P.GY 
t i  , 1 i.1 

t!. 1 I 
6 .1  5 
P.15 
t ; .  l c ?  ,.. Ih 
" .d l :  

P . . f l '  

.CURRENT TAX CREDITS: 30% OF IPSTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
TAX CREDIT RECOVERED AT THE END OF FIRST YEAR 



COMPARISONOF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR D m  ~~~ 
CONSIDERING-CURRENT AND FUTURE FINANCING 'SCENARIOS. 
crmt 0- 

SYSTW M w  E I - T I a  . IMPROVEMBNT UMRt 22Qt  5 yearm 
CONVENTIONAL HOME MORTGAGE: 1lQ; 30 years 
SYSTEMS SYSTEM SOLAR BANK: 5 . 5 ~ ;  1 2  year. 

WITH CURRENT CREDITS Wf'Pfl PRbPbSBD c R B D I ~  
'I 

WITHOUT CREDITS 
8 

BLECTRIC GAS 

0 
n S . . . . 

20.37 
2 1 . ~ 3  
< b e  \(! 
Zb.21 
C4mAl 
23.4h 
L 'Z .11  
22 . o u  
21.55 
Z U .  14 
C ( l . l V  
tq.b1 
I t !  .a7 
l 'J.01 
1 I') . va  
11.01 
11.u5 
11.11 
11.16 
11.21 

. 'CURRENT TAX CREDITS: 30% OF I F S m N T  , 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
TAX CREDIT RECOVERED AT THE END OF FIRST YEAR 



. . 
m A R I S O N  OF WNTHLY CASH FLOW FOR COIWENTIONAL AND SOLAR DBW m w  
CONSIDERING-CURRENT A#D FUTURE FINANCING SCENARrOS. 

CITY: m!Nvm SYSTEM: E m C u A m  TuBB 
IMP- fXMllt 2 2 N t  5 y.arm 

CONVENTIONAL 
SYSTEMS 

? b o d e  1 . ~ 5  bI.91 dU,iis 3 3 . H 3  -@.c~u - U / . H O  
dh0'3Z 105b (?'5.9ti 8P.1.l 3 : $ i ! o h ' 3  t 9 b o i ) h  Ze . t i3  
dh.)r@l / .bt* OQ.4M i ' l . 1 1 .  31.56 0U.UH 8 / , I I  
d j ~ [ j @  l o t i d  b 3 0 ~ d  j ) h . d ~ .  ~ I I O % . ~ '  ~ 3 . 4 ~  . d C . 2 6  
d 7 . 4 1  ? .V t O C ' . ~ ! ?  i5.44i ~ Q D C ~  92.YH i5.5U 
~ / . b t *  6.1.5 15.i';t; CU.?~;  t in . f i l  15. I ) ( i  d4,I*(l  
d I o Q 9  6 . 3 0  15.09 2 0 .  lt, 2k.od 15.ciP i d r . l t ,  

ct.. 3 1  b.Qd 14.1H d'j.59 Zl.53 I b ~ l h  23.4W 
ia.od noon  15.c? 5 . 1 ,  2t:.ok ~ S . C ? ?  i .3 .1)7  
dn.cln e .n~ (  1 5 .Sb d 2  . fi I t ' t > .  119 l5a.5h ki!oeI 
i9.33 9 .  1 0  l S . ~ e  8d.14 25.54 1 5 . 4 ~  22.1'4 
CY.OH 9 . 3 5  ' I 505h ~l..t!l d b . , l / ~  lS.50 31.hl 
sc.lr5 <.s'/ 15.00 I 15.~1t1 15.et9 d l . a /  
.$a1 .3 d ~ . n i !  15./tl 2 1 . 1 ~  1b.lh 1 5 . 7 ~  21.1h 
3U.6U Iu.OY l $ * t i 7  9 Isat !? 1'5.k/ 2 0 . 9 2  
3 lU..Sh IL~.V/  ?c.r.t..(i 15.9/ I ~ ! , . c u  
1 1U.05 1 b e  b H  di; . 49 1 t. tik I L . c ) . ~ ~  

51.9‘4 1U.95 1t.iit't dl!. $2 l t ) . d ( ~  l t ~ ~ 2 1 ~  ~ 4 1 .  52 
. I  ~ L , L O -  . rb.31 ~ r r . 1  1 10.51 Ib.41 &?*;.I I 
32.~2 i1.56 10.43 J 1 0 . 4 3  l t ) . ~  5 d i t m t , 5  

. .. . . 

%URRe@lT TAX CREDITS: 30N OF I~ESTMEFJT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
TAX CREDIT RECOVERED AT m-E END OF FIRST YEAR 
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.COmAR]CSON OF MONTHLY W H  F m W  FOR CONVEmION&L AND S O W  Dil* flamm 
CONSIDERING'CURRENT AND FUTURE FINANCING 'SC-0s. 

CITY: DENVER SYSTEM: Imz- 
I M P R m t X W t :  2 2 8 1  S y e u r  

CONVENTIONA~ . 
- HOME MORTGAGE: 118g.30 years 

SYSTEMS 
soiAR"sysTEM so- BANK: 5. 11 year. i ' 

! 

i 

GAS 

/mu4 
1.56 
'/.at( 
1 , b Z  
1.91 
8.1 .1 
@.3u 
h a r d  
a.6n 
8.fiH 
9 . l t l  
'4 .33 
V O C > i  
9.62 

Iu.o'# 
1 3 0 . 5 0  
1U.65 
1cl.95 
11.20 
1 1  .5& 

WITHOUT CRBDITS WITH CURRENT CREDITS WITB PROPOB 
w 

.: 'CURRENT TAX CREDITS : 3(19 O? I~STMENT 
PROPOSED TAX CREDITS: 308 OF INVESTMENT 
TAX CREDIT RECOVERED A? THE END OF F I R S T  YEAR 



YEAR 

COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR D m  HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 

CITY: DENVER 

CONVENTIONAL 
SYSTEMS 

ELECTRIC GAS 

WITHOUT CREDITS 
W 

SYSTEM: DIRECT DRAIN-DOWN 
IMPROVEMENT LOAN: 22%; 5 years 

SOLAR SYSTEM HOME MORTGAGE: 11%; 30 years 
SOLAR BA-\K: 5.5%; 12 years 

I 

b . s * Y ~  d l t o d ~ c :  

5 t f . d ~  19.5'; 
S'"t j6  1 . U o r , t  

U Y . Y C i  1 l . h /  

b Q . d Y  1 -  ,,il 
P . ~ . ~  4 ln. t a n  

c .oq I 5 . r r  
n .1~5 , C ) o  

1 .  I , , ,], . ,  

C.ub LY.31 
6 . ! I  i4 i .s .o i  
9 I , , yh  

p * l c l  1 . 5 . 1 ,  

1 lcJ*/t, 
- lr?'.,,,. 
0 I :  . , c ' . % ,  " .  I "  1 1  *,,t; 

".lb ] I - , $  
C . 2 "  I \ o % $  

p.0 2 2  1 1  5 4  

WITH CURRENT CREDITS 
W 
C3 

CURRENT TAX CREDITS : 30% OF  I~JVESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 

WITH PROPOSED CREDITS 
w 
C3 



YEAR 

COMPARISON OF MONTHLY CASH FLOW FOR'CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT .WD FUTURE FINANCING SCENARIOS. 
c~qy: DENVER SYSTEM: DIRECT RECIRCULATION 

IMPROVEMENT LOAN: 228; 5 years 
CONVENTIONAL HOME MORTGAGE: 11%; 30 years 
SYSTEMS SOU BANK; 5.5%; 12 years 

I 

. CURRENT TAX CREDITS: 30%-OF I P E S T M E N T  
PROPOSED TAX CREDITS:  70% OF XNVESTMENT 
INSTANT TAX CREDIT 



COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND S O m  DHW HmTERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 

CITY: DENVER 

CONVENTIONAL 
SYSTEMS 

SYSTEM: EVACUATED TUBE 
IMPROVEMENT LOAN: 228; 5 years 
HOME MORTGAGE: 118; 30 years 
SOLAR BANK: 5.58; 12 yet=. 

WITHOUT CREDITS WITH CURRENT CREDITS WITS PROPOSED CREDITS 
-W w 

U 
H 5 

H 
C 

I & 

P 
YEAR ELECTRIC 3 8 2 

B S 4 
0 0 ' 0  0 

P 
m a UI n x m 

, . .  

CURRENT TAX CREDITS: 30% OF IpVESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 



YEAR 

COWARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND S O W  D m  H m T E R S  
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 

SYSTEM: DIRECT DRAIN-BACK 
IMPROVEMENT M A N :  229;. 5 years 
HOME MORTGAGE'$ 118 ; 30 years 'OLAR S O U R  BANK: 5.581 12 years 

# ,  

WITHDUT CREDITS WITH CURRENT 14 CREDITS WITH PROPOSED w CREDITS a 
I3 - d 

I3 
F3 

t+ 
OC s 

0 t 0 

ELECTRIC GAS 
E 

B S  k! 
0 0 ' 0  

n cn m x m 8 
?soda t.ccS 
Z h - 5 ~ '  #ebb 
b?b.)rtl / 066 
d?.fl t3 ?.hd 
c 7 o . S l  I o r i l  
Z / o b h  4 0 1 . 5  
C?.%U fi . 3 1.1 

t t * .  3 1  b o c c i 3  
it9.ad @.an 
ccrr.%h e.nu 
39-35 9.Jtt 
c'r.aw u . 3 )  
3 U  05 9 - 5 1  
.5tJ 4 d  9.62 
; J ~ ) . ~ u  l u.oy 
3 IO.J* 
1 l ~ . a 5  
31.99 I U . V ~  
31.4JU 11.Za 
3Z.aZ 11.56 

CURRENT TAX CREDITS: 30% OF I ~ E S T M E N T  
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 



YEAR 

WITHOUT CREDITS 
W 

COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING sC~ARI'OS. 

ELECTRIC GAS 

I. 

WITH CURRENT CREDITS 
IY , 

CITY: DENVER SYSTEM: INDIRECT 
, 7  

IMPROVEMENT mANt 22%; 5 years . !  

CONVENTIONAL HOME MORTGAGE: 11%; 30 years 
SYSTEMS SYSTEM ,SOLAR BANK* 5.5%; 12 years I 

I 

W I T R  PROPOSED CREDITS 
PI 

. CURRENT TAX CREDITS: 30% OF IVESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 



C O m T S O N  OF MONTHLY CASH FLOW FOR CONVENTION& AND SOLAR DHW HEATERS 
CONS11 'SING- CURRENT AND FUTURE FINANCING SCENAk 

CONVENTIONAL 
SYSTEMS 

SYSTEM: DmIN D m  
IMPROVEMENT LOAN: 2281 5 year8 
HOME MORTGAGE: 16% 8 30 years 'OLAR SYSTEM SOLAR BANK: s.se8 12 years 

. .. - . .- . 
. CURRENT TAX CREDITS: 30% OP IVSTHENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
TAX CREDIT RECOVERED AT THE END OF FIRST YEAR 



. . YEAR 

COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 

CITY: DENVER 

CONVENTIONAL 
SYSTEMS 

ELECTRIC GAS 

WITHOUT CREDITS 

SYSTEM:DIRECT DRAIN-DOWN 
IMPROVEMENT LOAN: 22%; 5 years 
HOME MORTGAGE: 16 %; 30 years 
SOLARBANK: s.s%~ 12 years 

I 

WITH CURRENT CREDITS 
W 
C3 

WITH PROPOSED CREDITS 
w u 

I U . I ( .  
V . % V  
9.oJ 
9.11  
9. 'ad 
Y.u/ 
9. 5 7  
9 .21  
9.10 
9.. 12 
Q . i15 
e.99 
a . 9 ~  
?. d U 
i ~ n 4  
hafie? 
k. I Y  
dm17 
b. 75 
* a ! $  

CURRENT TAX CREDITS: 30% OF IPESTMENT 
I 

PROPOSED TAX CREDITS: 70% OF INVESTMENT 4.. m. .) '. ... 
INSTANT 'TAX CREDIT I 



COb@ARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. DISCOWJT RATE 0 

CITY: DENVER 

YEAR ELECTIUC GAS 

SYSTEM:DIRECT DRAIN-DOWN 
IMPROVEMENT LOAN? 229; 5 years 
HOME MORTGAGE: 16 9; 30 years 
SOLAR BANK1 5.51; 12  years 

WITHOUT CREDITS WITH CURRENT CREDITS WITH PROPOSED CREDITS 
W w w 

CURRENT TAX CREDITS: 30% OF IWESTMENT 
I ROPOSED TAX CREDITS: 709 OF INVESTMENT 

INSTANT TAX CREDIT 



YEAR 

COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR D m  HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS.  DISC^^ RmR=n. 

CITY: DENVER SYSTEM:DIRECT DRAIN-DOWN 
IMPROVEMENT LOAN: 22%; 5 years 

CONVENTIONAL HOME MORTGAGE:16 8 ;  30 years 
SYSTEMS 'OUR SYSTEM SOLAR BANK: 5.593 12 years 

I 

WITHOUT CREDITS WITH CURRENT CREDITS WITH PROPOSED CREDITS 
W I 4  w 

u 3 h 3 H 

h I I3 I C , 3  B H 
PI PI & 

9 0 19 0 E! 
!! 99 
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I: p 4 3 0 3 0 2 2  2 0 2 0 = 4 0 P 0 3' 0 

H X Cn H 84 p: V) tD cn 

l ?  7.7 I r . 3 /  
1 .  I / ,a9 
l ? .  i.5 l1.t,/ 
96, 45 1b*bl* 

15 ::!! i s * v /  
, 5 . .3 . :> L 5 . Q 1 
14. &;,? ]5.!!t . 

ce ' . a  1u.5'4 
1.2 7.3 1#4.~ll 

1 ? ? .:a 1 s*f iu  
; - 1  13.4 1 
1 :? ,, ;, 1-1 I 3.d11 
'.;r'.;2:? Y,,,r, 
4 ;? , !-I #-I e . -5  
'1. . ? J  rr,tl 

~ ~ . s ' - ~  f i . / /  

', I. ,. ,?+a 6-15 
' ! . . ' ! ' I  p . ( L  
1 1-1 3 :! rb '1 tt 
4 ,-, - #? 

t i .  g9 

, CURRENT TAX CREDITS: 30% OF IPESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 



COMPARTSON OF MONTHLY CASH FLOW FOR COWENTIONI" AND SOLAR Dm HmTERS 
CONS11 ' ~ ~ I N G -  CURRENT AND FUTURE FINANCING SCENAk 

CITY m v m  SYSTEM: m A I N  OOWh IMPROVEMENT LOAN: 228; 5 yearm 

CONVENTIONAL 
HOME MORTGAGE: 16% 8 30 year8 

SYSTEMS 'OUR SYSTEn 8 0 m  BANKS 5.5,) 12 ! 

. . .. - . .- . . CURRCNT TAX CREDITS: 30% OF IWSTMENT 
PROPOSED TAX CREDITS: 70) OP INVESTMENT 
TAX CREDIT RECOVERED AT THE END OF FIRST YEAR 
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COMPARISON OP MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR D m  UMTBRS 
CONSIDERING-CURRENT AND FUTURE FINANCING SCENWOS. 

SYSTEM: REcIRCtJLh'fIm 
IMFTIO- a28 1 5 yaarm :: 
HOI-'Z MORTGAGES 1181 30 years So- sYsm 
SOLA~Z BANK, 5.5a 1 12 

I 
L 

WITMOUT CREDITS . - 
ll 3 

E 
P 

BLBCTRIC GAS e 
0 w m . . . . lb 

I.. - . 
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i i . 'CURRENT TAX CREDITS z 30B. aC I ~ s ~ E N T  \ 
.PROPOSED TAX CREDITSt.708 (DF INVESTMENT ! 

i 
TAX CREDIT RECOVERED AT THE END OF' FIRST YEAR 11 
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- 
COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DEW f t M w  
CONSIDERING CURRENT AND FUTURE FINANCING 'SCENARIOS. 

CITY: U#rANGeUs 

CONVENTJ-ow , 

SYSTEMS 

SYSTEM: bIr 8 .IT DMIR-arrarr 
IWRoVEMEMT UUll: 2281 5 year# 
HOME HORTGAGB: 1118 30 yearm sOLA' SO= BANK* 5.588 12 ymu. 

. CURRENT TAX CREDITS: 301 OP 1~STPiENT 
PROPOSED TAX CREDITS: 708 OF INVESTMENT 
TAX CREDIT RECOVERED AT THE END OF FIRST YEAR 

- - 



W A R I S O N  OF MONTHLY CASH FUlW FOR CONVENTIONAL AND SOLAR D M  tlMw 
COMSIDBRING-~RRENT AND .FUTURE - PI NANCI NG 'SCEflARIOS. . :.. . ,  b 

! .. 
7 ,. 

SYSTEM: IUOSI&&T 
I ~ R ~  UWlt 228t 5 mu8 
HOME MORTGAGE: 1 1 8 1  30 yearm 
SOLAR BANK: 5. 12 yaum 

WITHOUT CREDITS WITH CURRENT CREDITS U I ~  PROPOS~, CRQH : 
W. w r 5 c9 B 

fMR BLECTRIC GAS 8: 74 
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1 !, , 2 :I 
1 ;3 4 c* 
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. 'CURRENT TAI( CREDITS: 30% OF I V S T W E N T  
PROPOSED TAX CREDITS: 708 OF INVESTMENT 
TAX CREDIT RECOVERED AT THE END OF FIRST YEAR 

I 



YEAR 

COWPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL W'D SOLAR D m  HmTERs 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS* 

crm: LOS ANGELES SYSTEM:DIRECT DRAIN-DOWN 
IMPROVEMENT LOAN: 228; 5 years 
HOME MORTGAGE: 118; 30 years 'OUR SYSTEM SOLAR BANK* 5.58; 12 years  

I 

WITHCiUT CREDITS WITH CURRENT CREDITS WITH PROPOSED CREDITS 1 
W PI 

t3 
I3 5 

!2 
0 
X 

ELECTRIC GAS 
Y 
0 

H x VI 

CURRENT TAX'CREDITS: 30% OF IPESTMENT 
PROPOSED TAX CREDITS: 7.0% OF INVESTMENT 
INSTANT TAX CREDIT 



COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR D m  HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 
CITY: LOS ANGELES 

WITHOUT CREDITS 
-W 

19 

SYSTEM:DIRECT RECIRCULATION 
IMPROVEMENT WAN t 2288 5 years 
HOME MORTGAGE: 118; 30 years SYSTEM 
SOLAR BANK: 5.58 8 12 years  

. 8 

WITH CURRENT CREDITS W I T E  P.kOPOSED CREDITS 
W I 4  
13 C3 

H 

I 3 
-El 

E 
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S 
YEAR ELECTRIC GAS 2 2 - 8 3  I 

0 0 fn 

P 
H m fn P 

'CURRENT TAX CREDITS: 30% OF IpVESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 
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YEAR 

COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR D m  HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 

CITY: LOS ANGELES 

CONVENTIONAL 
SYSTEMS 

ELECTRIC GAS 

SYSTEM: EVACUATED TUBE 
IMPROVEMENT LOAN: 22%; 5 years 
HOME MORTGAGE: 11%; 30 years 'OmR SYSTEM SOW BANK: 5.581 12 yeera 

i C l V 4  
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I /.\in 
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. CURRENT TAX CREDITS: 30Q OF IpVESTIIENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 
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YEAR 

COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 

ELECTRIC GAS 

WITHOUT CREDITS 
W 

SYSTEM:INDIRECT 
IMPROVEMENT LOAN: 229;. 5 years 
HOME MORTGAGE: 11t; 30 yearq SYSTEM 
SOLAR BANK: 5.581 12 year. 

, CURRENT TAX CREDITS: 30% OF IpVESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 

WITH CURRENT CREDITS 
w 

0 

WITH PROPOSED CRBDITS 
w 



YEAR 

COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 

ELECTRIC GAS 

WITHOUT CREDITS 
W 

SYSTEM: DIRECT DRAIN-DOWN 
IMPROVEMENT LOAN: 22%; 5 years 
HOME MORTGAGE: 11%; 30 years SYSTEM 
SOLAR BANK: 5.5%; 12 years 

WITH CURRENT CREDITS 
W 
C3 

. 5 t s  i t$  

3 . *4 t i  

3 i . l ~  
j c  .!)s 
>C.~II 

1 I r . r 4 5  
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1 1.. . 5 1 
1 !.' . t.: c' 

iC..ec 
J 1.; . i I 
L 1,. i t .  
J ;l.hl 
I O . e t  
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WITH PROPOSED CREDITS 
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1 
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2 
PP 
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E P: 

a 9 2 0 
Q 
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5 
H I4 rn t: 

CURRENT TAX CREDITS: 30% OF IPESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 



YEAR 

COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT .AND FUTURE FINANCING SCENARIOS. 

CITY: WASHINGTON, D.C. SYSTEMg DIRECT RECIRCULATION 
IMPROVEMENT LOAN: 22%; 5 years 
HOME MORTGAGE: 11%; 30 years 'OUR SYSTEM SOLAR BANK: 5 . 5 % ;  12 years 

I 

WITHOW CREDITS WITH CURRENT CREDITS WITH PROPOSED CREDITS 
W W I 4  

u 0 
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CURRENT TAX CREDITS: 30% OF IWESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 
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COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 
CITY: WASHINGTON, D.C. SYSTEM: DIRECT DRAIN-BACK 

IMPROVEMENT LOAN: 22%; 5 years i 
CONVENTIONAL 
SYSTEMS 

YEAR ELECTRIC GAS 

WITHOUT CREDITS 
W 

C3 

HOME MORTGAGE: 11%; 30 years I 

SYSTEM 
SOLAR BANK: 5.5%; 12 years 

I 

WITH CURRENT w CREDITS 

t l o 5 k  
cu.vs 
8ii . 5 .1  
1' j . t - t?  

L " . J i \  
I h .'35 
l @ . 4 0  
10.Jv 

i / . i rb  
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WITH PROPOSED CREDITS 
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lC.5Y 
l C . ~ l  
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1 1: . 0.4 
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CURRENT TAX CREDITS: 30% CF IYESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 



SOLAR SYSTEM HOME MORTGAGE: 11%; 30 years 
SOLAR BANK: 5.5%; 12 years 

COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS* 
CITY: WASHINGTON, D.C. SYSTEM: INDIRECT I 

IMPROVEMENT LOAN: 22%; 5 years 

CURRENT TAX CREDITS: 30% OF IFVESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 

I 



~ ~ A R I S O N  OF MONTHLY CASH FLOW FOR COMNTIONAL AND SO- D m  IMmRS 
CONSIDERING'CURRENT AND FUTURE FINANCING SCENARIOS. 

WITHOUT CREDITS 

SYSTEM: DIRECT DRAibJ-DOIII( 
IMPRO~E~U!NT UlARa 2288 S yearn 
HOME MORTGAGE: 1188 30 year8 
SO- BANK: 5.5Q) 12  year. 

WITH CURRENT CREDITS WITII PROFOStl) CRBDITS 1 
bv 
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4 U . ~ 5  16.bS 'LU.UH 48-85 1 ~u.rtn i. 
u / . e a  15.81 19-53 7 . 4  ' 1 5 8  1 9 . ~ 3  ' 
e l . 2 ~  5 .  tc\.oa U I . Z O  IS.0b l n . ~ ! ~  : 

5 9 t! 14.36 17-62  5 m Y Z  14e3b 1 7 . ~ 2  : 
'3.eY 13.72 1 1 - 0 0  5 - 8 9  13.72 l l , ~ j a  i 
5 13.12 5 7 13.12 10.35 
4-65 ri?,$e 15.bQ 5 - 6 5  .12.58 15.69 j. 
5.n) 12.07 I S . U ~  5 - b 3  12.07 1 . 0  I 
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50 i\b 9.50 5 ; 7 U  5 .'I 9 9.50 5.70 
5 . 0 ,  9.24 5.0'4 4.h9 9.24 5.09 
\.t./ 9 - 0 0 '  5.07 5.01 9 .00 .  5 . 0 1  I 
'3 . 6 t1 8.78 5 . b e  4.hb 8 5 . h  1 

. .CURRENT TAX CREDITS: 308 OF I ~ s T I ~ U T  
PROPOSED TAX CREDITS: 708 OF INVESTMENT 
TAX CREDIT RECOVERED AT THE END OF FIRST YEAR 





C O m m s O N  OF MONTHLY CASH F m W  FOR CONVENTIONAL AND SO- OR* f!mTEm 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 

SYSTEM: WACUATED -I 
IMPROVEMENT fXM#: 22## 5 Y U a B  
HOME MORTGAGE: 1181 30 yearm 

somR'sySTEII S O U R B A N K :  5.5.8 12ye8r. 

WITBOU'P CREDITS WITH CURRENT CREDITS *I28 PIIOP08m C ~ I M  
W I I 

BLBCTRIC GAS 

0 
V) n , . .. . I 

'CURR.6T TAX CREDITS: 301 OF II(VES= 
PROPOSED TAX CREDITS: 70b OF INVESTMENT 
TAX CREDIT RECOVERED AT THE END OF F I R S T  YEAR 



C ~ ~ I 8 0 N  OF M m L Y  CMH PLOW FOR C O N V B W I O N U  AND SO= m w  
, 

C O N S I D E R I N G - C O m  AND FUTURE FINANCING SC-8. 
' I 

cOIm3NTIONAL - 
SYSTEMS 

S Y S T m r  01- DRAIN-ekclt 
IMPRWEMBMT UMN: 2 2 @ 1  5 yeatr 

- HOME MORTGAGE: 118 1 , 30 years sYsFEll SOLAR BANK r 5.58 1 12 years r 
1 I 

' 3 
,. ) 
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WITH CURRENT' CREDITS WITB PROPOSBO cR8DM 
. . . . . . 

. i 

, '1 PMR ELECTRIC GAS 
1 

,I . . w . . . . 

. ~mmn TU CREDITS: 308 OF I 
PROPOSED TAX CREDITS: 70% OF 
TAX CREDIT RECOVERED AT THE END OF F I R S T  YEAR 
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i 
' ' . , COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND S O W  DHWlEATERS 

CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 
A 

. . c 1 m  
PHOENIX SYSTEM : DIRECT RECIRCULATION , 

.I IMPROVEMENT LOAN: 2281 5 years 
HOME MORTGAGE: 11%; 30 years SYSTEM SOLlUl BANK: 5.581 12 years 

8 

. 'CURRENT TAX CREDITS: 30% OF IPESTMENT 
PROPOSED TAX CREDITS: 708 OF INVESTMENT 
INSTANT TAX CREDIT 

1 

WITHOUT CREDITS WITH CURRENT CREDITS WITH PROPOSED PI CREDITS 

YEAR ELBCTRIC GAS 
I 
0 ' 0  0 

n x VI 



COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. 

HOME MORTGAGE: 1 1 ~ ;  30 
SoXARSYSTEM SOLARBANK: 5 . 5 1 1  12 year. 

WITHOUT CREDITS WITH CURRENT CREDITS WITH PROPOSED CREDITS 
W w 
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:CURRENT TAX CREDITS: 30% OF' IFJVESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
IWSTANT TAX CREDIT 
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YEAR 

COh!PARfSON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HEATERS 
. CONSIDERING CURRENT .AND FUTURE FINANCING SCENARIOS. 

cIm: PHOENIX 

WITHOUT CREDITS v 

ELBCTRIC GAS 

SYSTEM: DIRECT DRAIN-BACK 
IMPROVEMENT LOAN: 229; 5 'years 
HOME MORTGAGE: 11%; 30 years 

- SOLARBANK: 5.511 12 year8 

WITH CURRENT CREDITS 
I4 

WITH PROPOSED CREDITS 
w 

CURRENT TAX CREDITS: 30% OF IFJVESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 
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COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR D m  HEAmRS 
CONSIDERING-'CURRENT AND FUTURE FINANCING S m A R T O S .  

SYSTEM : .DIRECT DRAIN-- cIm t URLPHINGTON, DIG. 
IMPROVEMENT mANt 22%; 5 years 

CONVENTIONAL - HOME MORTGAGE: 11*# 30 years 
SYSTEMS 

 SO^' SYSTEM 
S O U R  BANK 1 5 . 5 8  1 12 years 

WITHOUT CREDITS WITH CURRENT CREDITS WITH PROPOSED CREDITE 
W- PI 

P 
B I P 
P: 

P 
YEAR ELECTRIC GAS 

* 
B S  P I 

0 0 
n m VI m 

. 'CURRENT TAX CREDITS : 30% -OF I w E S m E N T  
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
TAX CREDIT RECOVERED AT.THE END OF F I R S T  YEAR 
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COWARISON OF MONTHLY CASH FLOW FOR CONVENTIONAI, AND SOLAR DEW HWTBR8 
CONSIDERING'-CURRENT AND FUTURE FINANCING 'SCENARIOS. 

SYSTEM : . WACUA'PEP. 
IMPROVEMENT WAN: 22);. 5 year# 
HOME MORTGAGE: 11%; ,30  yeare SO- SOLAR BANK: 5 .  588 12 yeat. 

WITHOUT CREDITS WITH CURRENT CREDITS WITB PROPOSBD  CREDIT^ 
P: IY W 

4 Y 
E 

YEAR ELECTRIC GAS 
8 

8 1 .  g . B S 0 0 n tP U) n U) 

. 'CURRENT TAX CREDITS: 301 OF IfNESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
TAX CREDIT RECOVERED AT THE END OF F I R S T  YEAR 



COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR DHW HE?Vl"l'RS 
CONSIDERING-CURRENT AND FUTURE FINANCING-SCENARrOS. 

DIRECT DRAIN-BACK 
. CIW WASHING TON^ D-C- SYSTEM: 

IMPROVEMENT LOANr 22%; 5 years 
HOME MORTGAGE: 11%; 30 years 

soiARSYSTEn SOLARBANK: 5 . 5 % ~  1 2 y e a r s  I I 
WITHOUT CREDITS WITH CURRENT CREDITS WITH PROPOSED CREDITS - )r( W w 
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YEAR ELECTRIC GAS 
i' 

I 3 
0 0 0 5: 0 

H a vI rn m 8 
- P o 5 5  
!I 'J . (.. '> 
b > . * ? I  
bi.t??J 
52.11) 
I l .oi 
1 i f \ j  

i i . 7 0  
i l . & j  
I J * . 7 9  

1 1  . i i@ 
l C . ( i ?  
1 C' {J Y 

12.10 
I c' . 2 14 
12.31 
id. - 5 ' J  

l i . 4 1  

16.'>'3 

I. c' . 8> j 

'CURRENT TAX CREDITS: 30% OF I P S T M E N T  
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
TAX CREDIT RECOVERED AT THE END OF FIRST YEAR 



YEAR 

COMPARISON OF MONTHLY CASH FLOW FOR CONVENTIONAL AND SOLAR D m  HEATERS 
'CONSIDERING-'CURRENT AND FUTURE FINANCING 'ScElUMIOS . , ;  

z . 

CITY: -IS-, D.c.- SYSTEM : -IRECT 
IMPROVEMENT LOANt 2298 5 years 

CONVENTIONAL HOME MORTGAGE: 11@1 30 years 
SYSTEMS SYSTEM SOLAR BANK: 5.518 12 year. 

ELECTRIC GAS 

WITH03T CREDITS v 
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WITH CURRENT tu CREDITS WITH PROPOSED CMDITS I 
w 

. CURRENT TAX CREDITS: 30% OF IrJVESTMENT 
, PROPOSED TAX CREDITS: 708 OF INVESTMENT 

TAX CREDIT RECOVERED AT THE END OF F I R S T  YEAR , 



ARl-Ly CASH FLOW FOR CO-L -Tm n r ; m n s  
CONSIDERING CURRENT AND FUTURE FINANCING SCENARIOS. DISCOVlT RATE 0 

SYSTEM: DIRECT DRAIN-DOWN CITY: DENVER - 
IMPROVEMENT LOAN: 22%; 5 years 

CONVENTIONAL HOME MORTGAGE: 16 %; 30 years 
SYSTEMS SYSTEM SOLAR BANK: 5.5%~ 12 yeare 

YEAR ELECTRIC GAS' 

- 

WITHOUT CREDITS 
W 

WITH CURRENT CREDITS 
W 

WITH PROPOSED CREDITS 
I 4  

CURRENT TAX CREDITS: 30% OF IWESTMENT 
PROPOSED TAX CREDITS: 70% OF INVESTMENT 
INSTANT TAX CREDIT 




