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Decision 8209' 018 SEP 81982 
BEFORE, THE PUBLIC 'OTILITIES COMMISSION OF !HE STAIE OF' CALIFORNIA 

Application of Cornell Energy. Inc.) 
for eXeDlpt:ion from certain sizing ) 
and checklist: requirements of ) 
Decision Nos.' 9225,',. 92501 and ) 
92769. ) 

, ' .. ' "... ..) 

Application 82-03-"2, 
(Filed l1arc:h 30,. , 982) 

OPINION ON" SOLAR' WATER' HEATER ELIGIBILITY 

Cornell ,Energy,. Inc., (Cornell) m.mufacrures. domestic 
solar water heater systems composea of one or more of its Cornell 

360 collector-storage devices. These systems have not been 

eligioleunder the Commission's OIl 42 p:,ogram because no method 

was available until recently' to estimate the energy savings 
produced' by them'. Cornell requests that the Commission. find its 

Cornell 360 syste!lls, eligible. Cornell also reques.ts that it be 

exempted from Checklist:,Item B .. 7 .. c .. requiri:lg freeze protection. 

arguing that all Cornell sY$tems are inherently freeze-proof. 

By this deCision. the Commission finds Cornell systems 

eligible under the sizing and other conditions specified~ The 

Commission also recognizes Cornell's adequate freeze protection 

under the conditions specified .. 
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Applicant's' Background 
Cornell has manufactured the same· basic unit in Tucson~ 

Arizona since 1980. It consists of a 32-gallon horizontal tank 

within an insulated fiberglass box. The tank absorbs heat from 
sunlight passing through an outer glass cover ~d ewo inner plastic 
covers of 18 sq. ft. gross area. Normally several un:L'ts· are 

eonnected as a pre-heater so that ineoming water flows from- one 

unit to the next~ and from the last into the customerfs existing 

eonventional water heater. No electrical pumps. are used. 

Cornell has sold over 1 ~OOO of these units, primarily in 
~ the Southwest. An installation was te$ted in the Northeast through 

the winter of 1982-83 wi't~out freezing. Based on 'this experience" 

Cornell has· extended its. 20-year Warranty' to eover freezing down :0 
minus 10 degrees F. 

Cornell hopes 'to increa.se i'ts California sales under the· 

011 42 program~ and expects that its dealers will continue to price 

the sys'tems competitively depending on system size (the number of 

Cornell 360 units). 

Program Background 
On Sepeember 16, 1980, we issued Decision (D.) 92251 

establishing demonstration solar financing programs for Pacific 

Gas and Electric Company, San Diego Gas &'Electric Company, 

Southern california Edison Company, and Southern California Gas 
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Company. We subsequently modified ~is decision by D.92501, 
December 5, , 980,. and D.92769,. March 3,. '981. In these decisions,. 

we specified a checklist of requirements for domestic solar water 

heaters. Solar water heaters must meet all sizing and checklist 

requirements to be eligible for the solar financing program· 

effective March 1,198-1. 
Cornell formally filed its application on March 30, 1982. 

It was docketed as No. 82-03-112-. On June 3, 1982,. the 
performance test results were provided, enabling the·· Energy 

Conservation Branch (ECB) staff to begin sizing ca.lcula.tions ... 
In the following sections, COrnell's. request is discussed 

and the minimum eligible system sizing is developed'. 

Freeze Protection 

Cornell reques.t~ an: 
"exemption or staff waiver from the requirements 
reflected in ~e (Installation) Checklist as revised 
and adopted June 2, 198·1: 

(The) Checklist (states at) Appendix B, (paragraph) 7.c.: 

Has the contractor certified that: !he 
system complies with ?rogram freeze 
protection requirements or has obtained 
a staff waiver?". 
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'I'b.e intent of this item· is to recognize that a single 
freeze could cause such extensive damage to some solar waeer heater 

components that it would significantly reduce their effectiveness. 

Throughout the state of California a number of periods of freezing 

weather are assumed to occur during the expected 20-year life of 

011 42 solar systems. 
Cornell's rationale for requesting an exemption is that 

its unit will not freeze in air temperatures as low as minus 10 
degrees F. This claim is based. on three pieces of evidence which 

the ECB accepts; namely, conservative engineering calculations; e the use of a low heat loss. surface· coating not cons.idered in the 

calculations; and lastly Cornell's statement that in about 1',.000 

installations no ~rnell 360 has ever frozen. 
The ECB interprets Item B.7.c. to be a performance 

specification, not a prescriptive one. Specific freeze· protection 

methods such as use of antifreeze heat transfer fluid are needed 

with some systems, notably those using flat-plate collectors. But' . 
for an integral collector-storage (ICS) unit, such as· the Cornell 

360, the collectors store heat internally, and are usually 

insulated well enough to prevent freezing even after several 

consecutive freezing days with little sun •. 
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e' 

Because the Cornell system mee~s th~ performance 

standard, no exemption to· this requirement is necessary. How-

ever, the installer must strictly comply with COrnell's' 

installation instructions in order for the owner to qualify under 

the OIl 42 program. Those instructions clearly state that 

insulation must completely cover all outdooor piping, fittings. and 

valve bodies, because even small gaps, will greatly increase 

nighttime- heat loss, thereby reducing efficiency as well as. ~he 
protection against frozen pipes. 

Sizing 

All solar water heaters eligible under the OII 42 program 
are subject to minimum collector area and' solar-heated Rtorage 

vol-ume requirements. For ICS devices such as Cornell's, which are 

connected to a separate conventional water heater, the minimum 

solar storage is 25 gallons per bedroom in single" family dwellings, 

(20 gallons per bedroom, in multi-family dwellings). 
The minimum collector area is determined on a case-by-

ease basis depending on test results. '!he annual so,lar energy . 
output can be estimated from the test data. the mintmum solar 
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output for eligibility is 101 therms per year for a three-bedroom 

dwelling. ('this figure is developed,. for reference" in Appendix :8,. 

based on adopted OIl 42 criteria.) 

Cornell has· submitted the results of a solar water heater 
performance test known as SRCC-OG200. This, test was recently 

developed as a national standard, and the certification obtainable 

following this' test was recently adopted by the California Energy 

Commission (etC) as a requirement: for the california solar tax 

credit after 1982. The output of the' Cornell solar system: in 

therms per year can be calculated from the results of the SRCC-e OG200 test in a manner described, in Appendix A to this decision. 

Al though the EC:S used these results for sizing, "'We note· 

that certification by the Solar Rating and Cert:tfieation Corpor,a.-
! 

tion (SRCC) has been delayed. Until this Commission receives ihe 
I 

SRCC certification sheet, the- OIl 4:2 eligibility granted ,by thi:s 

decision must be restricted to systems installed before 198'3. !he-

applicant should submit the evidence' of certification eo the ECB, 

which in turn will inform participating utilities of the extension 

of OIl 42 eligibility into 1983. 
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Based on these test data and calculations, the ECB 

recommends that an annual average output per day of 8,900 Btu be 

adopted for each Cornell 360 ICS unit which is properly installed 
in California under the OII 42 program. This output corresponds to 

32.5 therms per unit per year.. 'Iherefore, three collectors (3.1 

rounded) would be needed to mee'C the annual load of a t!lree-bedroom 

home under OII 42. Iable 1 summarizes the minimum eligible sizing 

for single-family homes. Ihis sizing provides. more than the 

minimum 25 gallons of solar storage per bedroom. 
the ECB·notes that the outpu'C of successive lCS units 

~ is reduced when they are connected in series (the outlet of one 

leading to the' inlet of the next). Therefore, we could restrict 

the sizing requirements for multiple "JIlits to· a maximum. of two· 
units in series since the test results are for two units in series. 
Additional pairs then would need to be in parallel (the ou'Clet of 

all pairs leading to the same manifold) .. 
But three units tn series produce slightly higher water 

temperatures. For this' reason, plumbing arrangements of the 

minimum required number of units may be made with a maximum of 
three Cornell 360 lCS units connected in series. The necessary 

parallel connections made thereafter must comply with the 

Installation Checklist Item No. 21 regarding an.equal flow path 
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length through all collectors. A longer summer season of 50lar-

only operation with the backup water heater turned off will then be 

possible while still making suitably hot water available for use. 

Ideally, the minimum sizing shown in Table 1 would 

depend on many factors, such as th.e exact location within 

California. But we recognize that solar water heaters increasingly 

are marketed as modular appliances, independent of small differences. 

in climate, orientation, tilt, and so on. Less obvious or 

controllable factors such as the daily hot water use profile, 

installation quality, and weather variations affect solar system 

e performance so strongly that actual savings from a given system can 

only be predicted within a reasonably broad' range. For these 

reasons, and the fact that ratepayer benefits from the OIl 42 

program will stem from the average effect of all of the systems . . 
installed, we believe that all Cornell systems installed under OIl 

42,should be sized according to Table 1. 

Moni1:oring 

Cornell solar systems should be evaluated in the 

monitoring program now beginning for all other solar water heaters 

which are installed under the OIl 42 program. 
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TABLE 1 

Minim'OXll Sizing of Cornell Solar Wa~er Heater Systems. 
. . .. 'Using Cornell' 360' Collector'" Units . 

Number of OII 42 Minimu:n Number of 
Bedrooms Ou"C:eut ' Collectors (SS- Ft .. ) "E/ 

TEems/Yr. , 33 , (1 S) 

2 68 2 (36) 

3 101 a/ - 3 (54) 

4 135 4 (72): 

n over 4 331'1 n (18n) 

~/ See Appendix B for derivations. 
~/ A maximum of three (3) collectors to be installe4 in s~ries. 
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ECB recommends tnat Cornell be allowed to participate in 

the Demonstration Solar Financing Program based' on the following 

conditions (as used below, Cornell refers to Cornell and/or its 

installers): 
a. Cornell's warranty will cover sys.tem repair 

or replacement du~ to damage by freezing 
wherever installed. 

b. Cornell will assure that in no case 
is a residence converted from gas 
water heating to· electric water heating. 

c. Cornell will instruct customers to 
turn off pilo~ lights on gas baeku~ water 
heaters. during. summer months. 

d. Cornell will instruct customers to· 
turn off electric backup water heaters 
during summer months. 

e. -Cornell will recommend installation 
of time clocks on all electric backup 
water heaters. 

Cornell and its installers will meet the minim'Um 

quality and sizing criteria as. contained in D.92251,. 9250", and 

92769 and all subsequent decisions.· and will meet the current .. 

standards of the California Energy Commission's Solar Energy Tax 

Credit Guidelines when installing Cornell systems. Cornell and its 
installers will size systems a.ccording to the Table on Page 9. 
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Arly reference by Cornell to, this order in its~ 

correspondence, marketing literature, or media advertis.ing must 

contain' the following full text of this Disclaimer of Product 

Endorsement: 
"The· California Publie Ueilities Commission 
in no way endorses, recommends, or warrants 
the durability~ suitability, or the 
reliability, or the short- or long-term energy 
savings performance of this. or any other brand 
of system or component for domestic water 
hea.ting or any other application"'.· 

While this disclatmer is applicable to any system under our 
demonstration program,. we must be certain that this order is not 

viewed by the public as' an implied endorsement. 

Ye believe that public hearings· would serve no useful 
purpose. This application should be granted ex parte to ~he extent 

provided in the following. order. 

Findings of Fact 
1. Cornell manufactures an integral collector-storage (ICS) 

solar water heater sold as the Cornell 360. 
2. res' solar systems are not eligible in the 011 42 program 

without a showing of quantifiable energy savings. 

3. Cornell submitted results of the SRCC-OG200 systems test, 
without certification. 

4. SRCC-OG200 results may be converted to estimate- system' 

4It performance under California conditions. 
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5. Overnight heat losses significantly decrease' net solar 

energy delivered. by a system. 
6. ECB staff estimates that one Cornell 360 ICS unit will 

deliver 8·,900 Btus. per day on an annual average basis or 32.5, 

therms per year under California conditions. 
7. Little increase in delivered solar energy is gained by 

connecting more than three (3) units' in series. 

8. ICS collectors- are inherently freeze-pro·tected under most 

california conditions. 

9. Cornell offers a standard 20-year warranty' covering 
e damage due to- freezing at temperatures as low as minus· 10 degrees F. 

10 •. !he expense· of a public hearing is not justified for thi$ 

application. 
Conclusions'of'Law 

1. Cornell 360 solar water heater sys:tems should be eligible 

to participate in the OII 42 demonstration solar water heater 

program under the following conditions. 
2. Cornell 360 solar water heaters should be installed 

according to manufacturer's instructions in order to meet the 

program freeze protection requirements. 

3. Cornell 360 solar water heaters should be sized according. 

to Table 1. 
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4. OIl 42 eligi~ility should be restricted to systems 

installed b·efore 198$ ~til SRCC cer'Cification is received by the 

s. This application should 'be processed ex. parte .. 

6. The following order should be effective the- date of 

signature in order to allo",: participation in the solar financiing 
program and competition with other solar manufacturers· at the 

earliest time. 
o R D E R --- ... ~ 

1 •. Cornell solar water heating systems of mUltiple Cornell 

e 360 integral collector-storage units are· eligible to participate ill 

the OII 42 Demonstration Solar' Financing Program, under the sizing 

and freeze protection cond·it10ns. summarized in the Conclusions 
of Law. provided that these· systems are installed in strict 

compliance with the manufacturer's installation ins.truetions and 

specifications. 

2. The EC~ is. authorized upon receipt of SRCC certification 
to extend the OII 42 eligibility granted by this decision to 

Cornell systems inst:alled after 1982. 
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3. ,Except as granted and provided, Cornell and its 

installers shall adhere to all other currently effective require-

ments set forth in D.92251, 92501 and 92769 or subsequent orders in 

1:his proceeding including 1:he Disclaimer of Produc1: Endorsemen1:. 

This order is effective t:oday. 
Dated . S£p. 8 '\982 .. , at San Francisco,. california .. 

JOHN E; BRYSON . 
Prcosident 

RICH!.iU) D. eRA VELLE . 
LEONARD M. CRlMES. JR. 
V1CTOR CALVO . 
PR!.SCl!J .. A C.CREW 

Commhsioncrs 
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APPENDIX A 
Page 1 

Method Used to Process the Cornell Solar Water 
,., Heater-Test'Re~ults 

The minimum number of Cornell 360 units per bedroom 
served follows from the results of Cornell's SRCC-OG200 test by 
comparing them against ene 101-therm minimum' criterion for a tnree-
bedroom dwelling. However, the test conditions reflect national 
average values, not california values p for available solar 
radiation and other variables. Therefore, the annual solar output 
under california conditions was determined from the SRCC-OG200 
results by using the following method. 

The method used to estimate performance' under conditions, 
which differ from the test concli tions ideally should have national 
consensus. Such a consensus is now in its early stages. Since a 
usable method may not be available before the OII 42 program. is 
over, the Ee~ staff, with informal review from th~ solar community, 
recommends an objective approach of its own~ to clear the docket of 
applications and to aid the achievement of the OII 42 program 
market penetration goals. 

Of the many conditions chosen for the SRCC-OG200 test, 
three vary significantly for ICS systems installed in California. 
These are the incident solar- energy, the volume and timing of hot 
water drawn per day~ and the effect of overnight heat losses on the 
net solar energy delivered by the system. 

Incident Solar'Energy 

An increase in incident solar energy will increase the 
solar energy delivered by the system. The increase can reasonably 
be estimated to be in the ratio of the Califor.o.ia annual" average 
value to the test value" or (1700/1500), in Btus. per sq. ft. per 
day. 

Hot ~ater Usage 

The effect of varying the second faetor, the amount and 
timing of hot water drawn per day, is difficult to quantify for IeS 
systems. However, the direction of the effect is clear. Reducing 
the volume from approximately 100 gallons per day during. the test~ 
to 60 gallons per day for a three-bedroom dwelling under OIl 42 
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conditions will reduce the net solar energy delivered.al 
(Shifting the timing of usage from evening towards morning also 
reduces the energy delivered. However, we do not differ with the 
test assumption of equal draws at morning., noon and late 
af ternoon. ) 

If we quantify this reduction factor for lower water use 
at a value of (1500/1700), it would simplify the analysis, by 'jus.t 
offsetting the increase due to greater solar insolation. The value 
chos~n depends on the extent of analysis, quality of any' data used,. 
and on the ass~ptions. made. In the absence of a recognized method 
to calculate this factor, EO staff believes that (1500/1700) is,. a 
reasonable one. Th.erefore~ the output under OIl 42 conditions of 
radiation and water usage are assumed to be unchanged from the 
SRCC-OG200 value. 

Overnight'Heat'Losses 

The importance of this fac'Cor in 'Che net solar energy' 
delivered by a solar system is recognized in the SRCC-OG200 test 
process. A separate 16-hour temperature decay test is conducted to 
determine the rate of heat loss under the known test conditions.' 
But the actual amount of energy lost in any given locality or 
installation depends on the annual average nighttime temperature .. 
Therefore no night heat losses are deducted from the SRCC-OG200 
energy output as reported .. 

The method of determining. the actual loss" using, local 
temperatures and SRCC heat loss rate data, will eventually have 
national agreement, as with the other factors which modify the SRCC 
test result. A reasonable engineering estimate of. that loss is 
recommended by the ECB staff for use in the OIl 42 program until 
another method is developed and recognized. 

2:,/ For persons faml.ll.ar wl.th the development of the 011 42 . 
eligibility criteria, this "ne'C solar energy· delivered" (in 
B'Cus for example) should be distinguished from the "'solar 
fraction" (in %). While net solar Btus would fall in this 
cas~. the solar fraction would likely increase because it is 
the ratio of ne'C usable Btus to total Btus. (!he total Btus 
fall nea=ly 50% from 100 gal./day to 60 gal./day, while net 
Btus might only fall 20%. 
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The ECB recommends using two items of test data to make 
this estimate. One is the temperature difference between the solar 
heated water remaining in the solar system after the standard test 
day. and the annual average overnight temperature in California 
population centers, as the factor affecting the overnight heat 
loss. 

The second item is the rate of heat loss. !he rate used 
in this analysis should be greater than the rate determined in the 
SRCC test because: the test value was measured under conditions of 
zero wind .. 

These- two data items combined with an exponential heat 
loss m~del. produce for Corneli an overnight heat loss of 11Z of 
the net solar energy delivered under the SRCC rating as. reported. 
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OII 42 Pro9ram Assumptions 

Solar Water Preheater Systems With Gas Auxiliary Energy 

----~------------------------------------~.------------------------. • Amount : Item ---=----------------------------=--------------_ .. 
Single Family Daily Hot Water USAge 

Three Bedroom Owelling Osage 

Energy to Raise Water 70 degrees r 

Conventional Water Heater Efficieneies 

A:ter Combustion ana Flue Losses 

After Jacket Losses 

Net Efficiency (4 times 5) 

Before-Solar Conventional Energy Osage 

7 (3 over &) 

60% Savings of Conven~ional Energy 

s (7 times 60%.) 

MaXimum Metered Usage With Solar 

10 

11 

12 

13 

. (7 less 8) 

Energy From Auxiliary With Solar 
(9 times 6) 

Minimum' Net Energy Fro~ SOlar 
(3 less lO) 

SOlar System piping Efficiency 

Net Solar Plumbing Efficiency 
(12 times 5-) 

Gross Solar Energy Output Required 

14 (11 over 13) 

20 Gallons per Bedroom 

60 Gallons per Day 

l28 Th/yr 

53% 

80% 

42'% 

300 Th/yr: 

180 Th/yr 

120 Th/yr 

51 'I'h/yr 

77 Th/yr 

95\ 

76% 

101 Th/yr 
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OIl 42 Pror;ram Assumptions 

Solar Water Preheater sxstems With Gas Auxiliarv Enerqy 

.-----r------------------------------------~.------------------------~ :Line : Item • 1unount : . . 
1 

2 

3 

Single Family Daily Hot Water Osage 

Three Bedroom Dwelling Usage 

Energy to Raise Water 70 degr~es F 

Co~ventional Water Heater Efficiencies 

4 

5-

6 

After Combustion ~e Flue Losses 

After Jacket ~sses 

Net Efficiency (4 times S) 

Before SOlar Conventional EnerS'Y' Usage 

7 (3 over &) 

60% Savings of Conventional ~~ergy 

(7 times' 60t.) 

MaXimum Metered Osage With SOlar 

9 

10 

11 

12 

13 

(7 less 8) 

Energy From Auxiliary With Solar 
(9 times 6) 

Minimum. Net Energy From SOlar 
(3 less 10) 

Sola: System Piping Efficiency 

Net SOlar Plumbing Efficiency 
(12 times 5) ., 

Gross SOlar Energy Output Required 

14 (ll over 13) 

... ,... _ .' " .. ~ 

20 GAllons per Bedroom 

60 Gallons per Day 

128 'l'h/yr 

75\ 

80\ 

60t 

213 'l'h/yr 

l28 'l'h/yr 

85 Th/yr 

5l 'l'h/yr 

77 'l'h/yr 

95% 

76% 

lOl 'l'h/yr 
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OIl 42 Program AsS".mptions 

Solar Water Preheater Systems With Electric Auxiliar~ Enerqy 

. • 
: Line • .. Item 

1 

2 

3 

.. 
Single Family Daily Hot WAter Usage 

Three Bedroom Dwelling Osage 

Energy to Raise Water 70 degrees F 

Conventional Water Heater Efficiencies 

4 

5 

6 

After Combustion and Flue Losses 

A£ter Jacket Losses 

Net Efficiency (4 times 5) 

Before SOlar Conventional Energy Osage 

7 (3 over 6) 

60\ Savings of Conventional Ene::'9Y 

s (7 times 60%) 

Maximum Metered Usage With Solar 

9 

10 

11 

12 

13 

(7 less S) 

Energy From Auxiliary With SOlar 
(9 times 6-) 

Minimum Net Energy From SOlar ' 
(3 less 10) 

Solar System Piping Efficiency 

N~ Solar Plumbing Efficiency 
(12 tim&s 5·, . 

Gross Solar Energy OUtput Re~ired 

14 (11 over 13) 

. 
• .. Amount 

20 Gallons per Bedroom 

60 Gallons per Day 

3750 Rwh/yr .. 128 th/yr 

100% 

80% 

80% 

4687 Kwh/yr • 160 th/yr 

2813 ~/yr • 96 th/yr 

1874 Kwh/yr .. 64 th/yr 

1499 Kwh/yr - 51 th/yr 

2251 Kwh/yr - 77 th/y;: 

95~ 

76% 

:;"962 Rwh/yr .. 101 th/yr 

.. .. 


