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ABSTRACT 

A privately financed solar-augmented hot water system has been demonstrated to pay off in 
less than 10 years if a loan is obtained at 10.5% interest. Calculations were made on the 
assumption that electricity costs 5i per kWh and water consumption averages 30 gallons per 
day (using current technology on an existing dwelling in Tennessee). 
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SUMMARY 

A privately financed, double-glazed, flat-plate-collector-driven, solar-augmented hot water 
system was installed on an existing dwelling. It was determined that this family used about 
30 gallons of hot water per day. Data were obtained on the collector water temperature, 
storage tank temperature, amount of hot water used, and amount of supplemental 
electricity required. 

The $1500 installation demonstrated that, for the hot water use rate of 30 gal/day, the pay 
off would be less than 10 years with money borrowed at 10.5% and electricity costing 
5 cents per kWh. The system would not pay off in the TVA area at the 30-gallon-per-day use 
rate if electricity cost 2.5 cents per kWh. It would pay off in less than 10 years with this 
low-cost electricity if the daily usage of hot water were to be doubled. 
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INTRODUCTION 

The reported cost and payback for solar water heating systems for existing residential 
houses are often grossly misstated. This misrepresentation has been a big holdback on 
public acceptance. The reason for this public reluctance is that few have really installed such 
a system and collected typical data that would establish the economic impact that such a 
system would have. Some experiments, like the one conducted by the New England Electric 
System, has drawn criticism from a number of sources due to design, installation, and 
operating problems.1 

The ERDA Division of Solar Energy, Washington, DC, has stated that cost-effective retrofit 
systems do not exist, nor are techniques readily available to facilitate the optimization of 
retrofit design. They state that many problems exist that require solution before the 
technology can be significantly advanced.2 

Early in 1976 it was decided to install, as a private project, a solar water heating system on a 
20-year-o.ld house and collect data on collector temperature, storage-tank temperature, 
hot-water usage, and kilowatt hours of electricity saved. From these data it was hoped to 
obtain additional information on the economy of a retrofit system to an existing house. 

It is obvious that more problems exist in a retrofit solar installation on an old house than in 
designing and incorporating a solar system into new construction. The problems 
encountered in an installation of this kind involve location and orientation of collectors, 
storage tank location, pipe runs and connections, and blending the system into the structure 
with acceptable aesthetic results. 

The present study, conducted at the Oak Ridge Y-12 Plant, (a) has produced an advance in 
solar water heating technology and has demonstrated the cost-effective design for a retrofit 
system for heating water for residential use. 

(a) Operated by the Union Carbide Corporation's Nuclear Division for the US Energy 
RP.search and Development Administration. 
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ECONOMY OF A RETROFIT SOLAR SYSTEM 

SOLAR SYSTEM 

Flat-plate solar collectors and auxiliaries, supplied by Solar Research, Division of 
Refrigeration Research, Inc, were selected for this installation. These collectors combined 
steel plates and steel circulating tubes. The steel tubes were hydrogen copper brazed to the 
steel plate, and copper was fused over the steel plate surface at 20000 F. 

Each complete collector (eight panels in number and consisting of 10 ft2) was contained in 

an aluminum case and had two inches of insulation behind the collector plate. The face of 
each collector was covered by an aluminum frame over which an envelope of 4-mil duPont 
Tedlar PVF (polyvinyl fluoride) was thermally shrunk to provide efficient double glazing. A 
diagram of the complete system is presented in Figure 1. 

Sensor in the 
Last Collector 

Eight Solar Collectors 
With Sensor (80 ft2) 

Water-Fill Valve 

Differential 
Thermostat 
(115VAC) 

Kilowatt Hour ·Meter 

Insulated 
Storage 

Tank 

Cold Water 

Figure 1. SOLAR WATER HEATING SYSTEM. 

Existing 
Water 
Heater 

The circulating pump for the collector circuit was a magnetic-drive, water-circulating 
pump of 0.0154 hp. The circulating pump for the storage tank circuit was a 
magnetic-drive pump of 0.050 hp. 

The heat exchanger contained a copper coil running through the steel case to prevent 

internal joints. 

The differential thermostat control measured the exit water temperature from the 
collector and compared this with the temperature of the water in the storage tank. When 
the collector water temperature was greater than the water storage temperature 
(b.t = 200 F), the circulating pumps turned on; when the temperature differential was 
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within 30 F, the pumps turned off. This control assured that maximum heat energy was 
stored and retained in the tank under all weather and temperature conditions. 

A 50/50 glycol/water fluid was circulated through the collector circuit at 0.3 gal/min. Since 
the glycol-filled collector subsystem was a closed-loop, atmospheric-pressure-lifted syphon 
system, there was no pump head except for friction flow. The storage-tank, heat-exchange 
circuit was under house pressure (40 lbs) which assured that no glycol/water could leak into 
the potable water. 

INSTALLATION 

Collector Orientation 

One of the most important parameters of solar radiation absorbance efficiency is the angular 
range over which radiation is accepted without moving all or part of the collectors. In 
planning the positioning of the collectors on this sing.le family house, it was decided to use 
an available carport roof that is oriented south at an angle of 30 degrees to the horizontal. 
This location was the best one available, considering the house structure and the 
surrounding vegetation. It is estimated to have a maximum efficiency of only 75%. Over the 
State of Tennessee there is little basis for variation in the solar energy received. (The latitude 
varies from 350 OO'N on the Mississippi-Alabama-Georgia border .to 36° 40'N on the 
Kentucky-Virginia border.) 

A chart was obtained from the Department of Geography, University of Tennessee, 
Knoxville, Tennessee.3 of the positions of the sun in the 350 north latitude, which is 
roughly the latitude of Knoxville, Nashville, and Dyersburg, Tennessee (see Figure 2). (The 
times on this graph were based on solar noon.) This chart gives the location of the sun and 
its angle above the horizon for all months of the year. 

Since it is more important to supplement the heat in colder weather, four collectors were 
positioned on the house due south ( 1800) at an elevation of 30 degrees above the horizon. 
A second set of four collectors was positioned 15 degrees east of south ( 165°) and at a 
40-degree elevation. This arrangement was used because of the nature of the location and in 
order to extend the hours over which radiation was accepted. This design allowed the p~mps 
to turn on sooner in the morning and remain on later in the afternoon than could be 
obtained by a single, fixed position. Figure 3 is a picture of the collector assembled on the 

house. 

Water Storage System 

A 120-gallon galvanized water tank was installed and insulated with four inches of fiberglass 
insulation. The water inlet to the existing 55-gallon hot water heater was connected.to the 
top of the storage tank and the cold water inlet was connected to the bottom of the storage 
tank (see Figure 1 ). This arrangement produced a total hot water capacity of 175 gallons. 
The water storage tank with the associated piping and instrumentation is seen in Figure 4. 
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Electrical Modification 

A kilowatt hour meter was installed on the electric line to the exis~ing hot water heater in 
order to determine the daily kilowatt hour usage. 

Angle of the Sun 
· Above the Horizon 

Path of Sun 

---- 21 JUN 

----- 21 MAY 
21 JUL 

-._ 21 APR 
21 AUG 

t7"'--D"f-1--:~--t--,,i E --- 21 MAR 
23 SEP 

-- 21 FEB 
21 OCT 

., ___ ____,_ 21 JAN 

21 NOV 

---...... 21 DEC 

F.igure 2. ANNUAL POSITION OF THE SUN AT 36 DEGREES NORTH LATITUDE. (Times are Based 
on Solar Noon) · 

VVater Flovv Meter 

A water flow meter was installed in the water line between the storage tank and hot 
water heater. This position made it possible to keep a daily record of the umount of hot 
water used in the home (see Figure 4). 

RESULTS 

Prior to the installation of the solar hot water system, it was determined that 28 kWh of 
electricity were required to heat the 55 gallons of water in the existing hot water tank 
from 50 to 155° F (the setting on the hot water heater). Since a well-insulated system 
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Figure::. POSITION J i= COLLECTORS ON THE ROOF OF THE CARPCRT 
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173467 
F igure 4. WATER STORAGE TANK WITH ASSOCIATED PIPING AND INSTRUMENTATION. 



should require only"' 18 kWh, it indicated 
appreciable loss in the existing hot water 
system. Verification of this heat loss 
(- 10 kWh) came during collection of solar 
heating data for March 1977 when the 
system remained stagnant while the occu
pants were away from home. 

The average hot water used by this family 
of two, as recorded on the water flow 
meter, was 30 gals/day, meaning that about 
15 kWh/day were rtH . .Juired to hcot 30 
gallons of water to 1550 F in a hot water 
heater equivalent to the one used in this 
experiment. 

The water temperature from the collectors 
(0.3 gal/min) for one day (January 30, 
1977, with three inches of snow on the 
ground and an outside temperature high of 
270 F) is indicated in Figure 5. As soon as 
the snow melted from the collectors (at 12 
noon). the circulating pumps turned on and 
the water temperature rose to 1300 F. The 
water temperature from the collectors two 
days later is reported in Figure 6. The 
temperature of the water on th is day rose to 
1400 F. 

Figures 7 - 12 give the temperature of the 
water from the collectors, the storage 
temperature, and outside weather condi
tions tor the montt1s uf February through 
July 1977. 

Daily recordings of the kilowatt hours used 
to heat water in this house from March to 
July 1977 are included as Figures 13 
through 17. In studying these data, 
remember that it was found that 28 kWh 
were required to heat 55 gallons of water 
from 50 to 1550 F in the existing hot 
water heater. A summary of the kilowatt 
hours saved during these months, based 
upon 15 kWh used to heat 30 gallons of 
water tu 1 GCP F, is given in Table 1. 
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Figure 5. COLLECTOR TEMPERATURE RANGE FOR 
A WINTER DAY. (January 30, 1977; Maximum Air 
Temperature, 270 F) 
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Figure 6. COLLECTOR TEMPERATURE RANGE FOR 
FEBRUARY 1, 1977. 

Table 1 

Kl LOWA TT HOURS SAVED BY THE SOLAR 
WATER HEATING SYSTEM 

Month Energy (kWh) 

(1977) Used Saved 

March 69 366 
April 20 415 
May 18 447 
June 8 457 
July 3 462 



12 

120 

~ 100 

Q) 

a 
~ 
Q) 80 c. 
E 
Q) 

I-

60 

40 

20s s 
I 

1 

140 

120 

~ 100 

Q) 

a 
~ 
~ 80 
E 
Q) 

I-

60 

40 

I 
c s 
I I 

3 

Collector 

/\ /\ ~ 
' \ ,,..""'\ I \ ,,,,, r-' \ __ , \ I v 

,.---'' '--J 
r--..J 

\ ,~ Storage Tank 

'--" 

s s s s s s 
I I I I I I 

5 7 9 

I 
I 

/\ , \ 
I \ 

I \ 

r-' ' 
_ ...... --,, ," 

~~~--1' ..,. ..., Air (low)--

s R s 
I I I 

11 13 

s s 
I I 

15 
Days 

s 
I 

S'SCCCSRSSCRS 
I I I I I I I I I I I I 

17 19 21 23 25 27 

Figure 7. DATA ON THE SOLAR WATER HEATING SYSTEM. (February 1977) 

3 5 

R • Rain; C • Clouds; S ·Sun 

Collootor 

I 
7 9 11 

~ 
0 
l-

o .... 
:;J 

0 

I 

Days 

s 9 s 
I I 

19 

R c 
I I 

21 

, 
r--

I 
I 

I , , ,,--
\ , ,,. 
\, 
s s s c c R R R 
I I I I I I I I 

23 25 27 29 

Figure 8. DATA ON THE SOLAR WATER HEATING SYSTEM. (March 1977) 

s 
I 

31 



140 

u. 
~ 100 

60 

40 

160 

140 

120 

u. 
~ 
~ z 100 
~ 
~ 
a. 
E 
~ 

I- 80 

/' .,,' ......... 
..... -~, _.... "' ' r--- ' r .... .,.,, ' 

\ A ~; ' I 
\ /\ I ' , 
\ / . '--' 
\ I \,' Air (low) 

..__J 

R RRCCSSSSSSCCC SSC RC RRCCCCCRRC 

3 5 7 9 11 13 15 17 19 21 23 25 27 29 
Days 

Figure 9. DATA ON THE SOLAR WATER HEATING SYSTEM. (April 1977) 

R - Rain; C - Clouds; S- Sun 

Air (high) 

.,,,,. . .,,.~ __ ............. _...., 
60 ,_ ___ .,,,.- .... , ,,--- , ______ , ....... , __ "" 

....,.,, ' ,.-' 
\ ~-

\ _, ------ Air (low) '-.....,---
R R R C s R s s s s s s c s s s c c s c R c R c c s c s s 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

3 5 7 9 11 13 15 17 19 21 23 25 27 29 
Days 

Fi!jure 10. DATA ON THE SOLAR WATER HEATING SYSTEM. (May 1977) 

13 

s 
I 

31 



14 

140 

~ 
~ 120 
~ 
Q) 

a. 
E 
Q) 

1-
100 

80 

60 

\ 
160 r-----, \ , \ 

't/ \ 

140 
u. 
0 

Q) a 120 
~ 
Q) 

a. 
E 
Q) 

I- 100 

80 

60 

s 
I 

c 
I 

\ ,,-""" 
~ \ 

\ ,,_,,·\ 
\ _......,, r 

Storage Tank_.......-- 'v1 

/' 
r--------_.--._..,-.,,_ __ , ,,,....-,...._....,-..---

, \ ------ '"',' 
,'\ I " 

\ ,,____Air (low) 
\ ,.I 

s s s R 
I I I I 
3 5 

s c 
I I 
7 

CS°CRRRCCRCCRSCSS SSS SSS 
I I I I I I I I I I I I I I I I I I I I I I 

9 11 13 15 17 19 21 23 25 27 ~ 

Days 

Figure 11. DATA ON THE SOLAR WATER HEATING SYSTEM. (June 1977) 

R - Rain; C - Clouds; S - Sun 

' 

/ 
,,--- .... 

\,.. ' 
' "" ... ______ .... 

Stor;;1gP. Tank 

Air (high) 

/Air(low) 

....... - ,..<_"--.._ ___ . ___ ,,,, .... , ......... ,.. - . _____ _,,, ....... , ~ .,,,, ---- ,..,,,~ '-.........' --, ----
_,, .J ' / ---- ~ 

sssssccsccscssssssc CCRCCRCCCRCS 
I 1.1 · I -1 I I I . I· I I I I I I I I I I I I I I I I I I I I I I 

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 
Days 

Figure 12. DATA ON THE SOLAR WATER HEATING .SYSTEM. (July 1977) 



:;: 
s: _,,_ 

4 
"O 

"' :5 
> 
Cl 
Qj 
c: 
w 
u 
·5 
u 

2 ~ 
w 

:;: 
s: _,,_ 2 
"O 

"' :5 ,. 
Cl 
Q; 
c: 
w 
-~ ... 
u 

"' w 

3 5 7 9 11 13 15 
Days 

17 19 21 23 25 27 29 31 

Figure 13. ELECTRIC ENERGY USED TO HEAT 55 GALLONS OF WATER TO 155° F. (March 1977) 

4 

2 

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 
Days 
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Figure 15. ELECTRIC ENERGY USED TO HEAT 55 GALLONS OF WATER TO 1550 F. (May 1977) 
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Cost and Payback 

The material and labor costs for this installation are reported in Table 2. The labor 
cost could vary,. depending on whether the system was installed by the owner or by a 
contractor. 

~ 
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~2 4 
"O 

"' :5 .... 
> 
i:' -"' ~ c u w 
u 
~ -~ 1 2 
w 

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 
Days 

Figure 17. ELECTRIC ENERGY USED TO HEAT 55 GALLONS OF WATER TO 1550 F. (July 1977) 

Utility rates vary widely over the United 
States; consequently, the cost savings and 
payback will likewise vary. In some areas, 
the electric rate is 10<i/kWh while in 
others it is 2.5<i/kWh. Based on a daily 
usage of 30 gallons per day and a savin~s 
of 15 kWh per day, an annual savings of 
$273 would result if electricity cost 
5<i/kWh. 

An economi·c evaluation of a solar water 
heating system in the Tennessee area, from 
the housing consumer's point of view, is 
given in Table 3. In this table it is assumed 

Table 2 

COST OF MATERIALS AND LABOR FOR SOLAR 
WATER HEATER INSTALLATION 

Eight Collectors 
Water-Heating Package( 1 l 
120-Gallon Storage Tank 
Piping and Fittings 
Insulation 
Lauur (20 hrs at $6.37/hr) 

$739.76 
367.19 
105.00 
111.21 
29.62 

127.40 

Total $1,480.18 

( 1) The water-heating package consists of a combination 
heat exchanger/accumulator, a pressure-relief valve, a 
filler-drain valve, a primary pump, a secondary pump, 
a flow-regulating valve, a check valve, and a 
differential control with sensors. 

that the householder used from 30 to 55 gallons of hot water per day, the cost of 
electricity was 2.5 or 5<i/kWh, and the installation cost was financed at a 10.5 or 12% 
interest rate. These data demonstrate that, at a 55 gal/day usage, the payback would 
come in approximately 10 years at 2.5<i/kWh. 
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Table 3 

PAYBACK PERIODS FOR SOLAR .WATER HEATING 
(At Two Electricity Cost Rates and Two Water Usage Rates) 

Hot Cost Solar Ann.ual Payback 
Water Per System Annual Maintenance Period( 1) 

Used kWh Cost Savings Cost (yrs) 

(gal/day) (d) ($) ($) ($) at 10 1/2% at 12% 

30 5 1,480.18 273.00 0 8.44 9.28 
55 5 1,480.18 501.88 0 3.71 3.85 
30 2.5 1,480.18 136.50 0 Never Never 
55 2.5 1,480.18 250.94 0 9.67 10.86. 
30 .5 1,480.18 273.00 50.00 11.96 14.05 
55 5 1,480.18 501.88 50.00 4.22 4.41 
30 2.5 1,480.18 136.50 50.00 Never Never 
55 2.5 1,480.18 250.94 50.00 14.87 19.00 

(1) Interest based on one of two FHA Home Improvement Loans-10 1/2% plus insurance or 12%· 
signature. Excludes pending income tax credit. 

DISCUSSION 

Many articles on solar-energy utilization describe its impact on the world energy crisis. It 
is felt that this is one of few attempts to date to present basic data that the gener~!I 
public can use to judge the economics of installing such a .system on existing houses, 

using existing equipment technology. 

Further Government support for private home demonstration projects, such as described in 
this report, is suggested as a means of providing the data needed to obtain acceptance by the 
public of the economics of using solar energy for providing hot water and heating of existing 

houses. 
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