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SOME POTENTIALS FOR ENERGY AND PEAK POWER CONSERVATION IN CALIFORNIA* 

A. H. Rosenfeld 

Department of Physics and Lawrence Berkeley Laboratory 
University of California, Berkeley, California 94720 

ABSTRACT 

Tables of conservation options are 
presented, ordered by maximum return on 
investment. If they could be implemented 
over 10 years, the following savings would 
result: natural gas and electric energy, 
each about 30% of 1975 consumption1 peak 
power, nearly 50% of 1975 peak. The 
California consumer would then save 
annually about $1 billion of natural gas 
and another $1 billion of electric bills at 
1975 prices. The cumulative first cost of 
the 10-year program is $5 billion, so the 
average annual return on investment is 40%. 
This $2 billion annual savings, if 
redirected from energy purchases to more 
typical~ and labor intensive purchases, 
would create about 60,000 jobs in 
California. 

INTRODUCTION 

My u. C. Berkeley colleagues, Paul Craig, 
Kent B. Anderson, David B. Goldstein, 
Ronald W. Kukulka and I, are just 
completing a study of potentials for 
conservation of energy and peak power in 
California. This study is for a report 
entitled: "Energy Extension in California: 
Context and Potential Impact."l Since it 
was written as part of a study on energy 
extension services, we have not studied 
savings achievable by new residential 
building standards, and have done only a 
partial study of new commercial buildings 
(see Ref. l0)7 instead we have concentrated 
on retrofit and on more efficient 
appliances. These options are presented in 
Tables 2a through 3b, summary Tables 4-6, 
and footnotes. 

We start by emphasizing that we are 
discussing technical potential, not 
forecasts. Whether any of the savings will 
actually be realized depends on energy and 
*Work supported by u.s. Department of Energy. 

power prices, on labels, fact sheets and 
standards for appliances, on incentive 
programs, utility conservation programs, 
and public opinion. Our optimism for the 
potential savings is tempered only by our 
pessimism that many of them will not 
actually be realized. 

Our estimates of energy savings due to 
specific conservation measures are 
generally consistent with those of the 
California Energy Commission's Biennial 
Report (Vol. 3). However, our totals 
differ substantially from theirs, because 
we are calculating different things. 

· The Energy Commission calculates expected 
energy savings by 1985 which will result 
from actions the Commission has taken (or 
will take) ,many of which will not be fully 
effective until 1980. These actions 
include announcing appliance and building 
efficiency standards and consumer 
education. Savings from voluntary measures 
are reduced by a "probability of 
implementation." In contrast, we are 
calculating the potential savings from a 
ten-year program of conservation both in 
new purchases and retrofit measures. 

The largest difference between our approach 
and that of CERCDC is illustrated by our 
numbers on electric ranges, dryers, etc. 
Since ERCDC has no plans to restrict the 
use of electric appliances (except new 
installations of water heaters) they 
calculate the savings merely from 
improvements in efficiency. In constrast, 
we list the much greater savings to be made 
by replacing such electric appliances with 
more efficient gas appliances~ Thus our 
sum of potential savings is about two times 
greater than theirs. 



THREE FREE STRATEGIES 

By way of 
proceed now 
where energy 
the consumer. 

illustrating the tables, we 
to point out three examples 
c~n be ·saved with no cost to 

More Efficient Refrigerators 

We have made a survey of the cost of many 
refrigerators for sale 'in the Bay Area, 
then looked up their energy use (in 
kWh/mo.) and made a "scatter plot" of 
energy use vs first cost. The result is 
shown in Fig. 1 and tabulated in the table 
below it. The reader will note 1) the 
absence of correlation between energy use 
and price, 2) the large spread in the en
ergy consumed by individual refrigerators. 

Thus for the price of about $450 nowadays, 
one can buy a type "U" refrigerator (at the 
bottom of the plot') whose monthly energy 
use is about 110 kWh, or a type "Q" at the 
top of the plot whose monthly energy use is 
nearly 200 kWh. Note that both 
refrigerators are frost free and both keep 
the food at the same temperature. The 
difference in energy use is merely due to 
differences in efficiency of the 
refrigerator components and insulation. 
Hence the informed consumer could save 
operating cost and energy by selecting the 
best buy, or / the state could pass 
efficiency standards. 

_The effect of 10 years of purchasing the 
most efficient available refrigerators is 
noted in Tables 2d (3.7 GkWh , or 12% of 
1975 appliance use) and Table 3d (480 MW of 
peak power) • 'Many more details for several 
appliances will be found in Ref. 2. 

More Efficient New Commercial Buildings 

In 1975, ASHRAE (The American Society of 
Heating, Refrigeration, Air Conditioning 
Engineers) published a voluntary standard 
for new buildings, called ASHRAE Standard 
90-75. In California and several other 
states, it has since been incorporated into 
a mandatory standard for non-residential 
buildings. Federal standards are to be 
promulgated about 1979. 

Last fall, FEA released the results of a 
$90,000 study by Arthur D. Little of 
Standard 90-75.3 The energy savings are 
impressive. Since we are commenting on 
electric savings in particular, we present 

·Table 1 which is "the electric savings for 
California ' retafl _'.· stores (up to 30%) , 
offices (the same) 'and' 'schools (up to 20%). 
Table 1 is taken from Ref. 4. · 

2, 
It is not surprising that energy and peak 
power can easily be saved. It is perhaps 
surprising that this will add nothing to 
first cost of new buildings. Figure 2 is 
simply page 7 of .Arthur D. Little's 
report.3 "Increased" costs are listed by 
category. Note that all entries are 
negative! 

Storage of Chilled Water or Ice to Replace 
Air Conditioner Chillers During Times of 
Peak Power Demand 

Consider a college campus which has several 
thousand "tons" of air conditioning 
capacity, and now contemplates constructing 
a new air-conditioned building. As peak 
power charges increase, it turns out that 
it is more profitable for the campus to 
install insulated tanks (about 600 
gallons/"ton" of desired refrigeration), 
and to connect these to . existing 
'ref.rigerators, which are not now used at 
night. "Coolth" can be stored at night and 
used the next afternoon. The campus saves 
peak power charges, and the utility saves 
the need to invest in new peak power 
capacity.Stanford University has recently 
constructed a 4 million gallon of cold 
water storage to implement such a plan. 

In Ref. 5, Fred Dubin and I argue that 
storing coolth already pays for an 
extension to an existing building or 
campus, and would be attractive for many or 
most low rise new buildings with floor 
space of more than 50,000 sq. ft., if only 
the utility would finance the cost of the 
tank. 

DISCUSSION OF THE TABLES 

Of our three no-cost examples, only two 
appear in the "Watt-Watchers" Tables 2 
through 6, since the third example, cold
water storage, is insufficiently studied 
and accepted to warrant tabulation. The 
tables contain some other free options, and 
more than 20 with annual returns on 
investment of 50% or more. The tables are 
ordered by maximum return on investment, so 
these recommended items appear at the top 
of each table. 

The first Watt-Watcners Table (2a) covers 
residential gas saving retrofit measures. 
To illustrate our methodology, we present 
Fig. 3, which shows the gas-saving 
potential of retrofitting an uninsulated 
Bay Area house, according to Wall et al. 
(Ref. 6). As seen in the figure, 
insulating the attic costs $360 and saves 
$120 a year, yielding a 33% annual return 
on investment. Insulating the walls is 

J 
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more expensive: $610. This measure saves 
$120 a year: an annual return of 20%. The 
figures, weighted with similar results for 
Southern California, are used as input for 
calculating the entries in Table 2a. For 
details of the -calculation-, the reader is 
directed to the footnotes of the tables. 

SAVINGS _-AND JOBS FROM THE CONSUMER'S 
POINT-OF-VIEW 

The results of Tables 2 a-f ~nd 3 a-b are 
summarized in Tables 4-6. If all these 
options were implemented over 10 years, the 
following savings would result: natural 
gas and electric energy, each about 30% of 
1975 consumption~ peak power, nearly 50% of 
1975 peak. The consumer would then save 
annually about $1 billion of natural gas 
and another $1 billion of electric bills at 
1975 prices. The first cost of the program 
is $5 billion, so the average annual return 
on investment is 40%. This $2 billion 
annual savings, if redirected from energy 
purchases to more typical and labor 
intensive purchases, would create about 
60,000 jobs in California. For more 
details see Table 4 and its footnotes. 

SAVINGS FROM THE POLICY-MAKER'S PERSPECTIVE 

We have just said that the consumer sees a 
lucrative $2 billion annual return on a $5 
billion investment in conservation. Here 
we point out that the $2 billion savings 
are really closer to $3 billion, because 
our program permits the electric utilities 
to defer about $10 billion of construction. 

Specifically, our program would defer the 
construction of 12,500 MW of power plant 
capacity, and in footnote (j) to Table 4 we 
estimate that of this 12,500 MW, about 
9,000 MW are of the current mix of plants 
(hydro, geothermal, fossel-fueled, and 
nuclear) and 3,500 MW are cheaper gas
turbines used only for satisfying peak 
demand. The current mix of plants cost at 
least $1,000 per KW (so $9 billion for 
9,000 MW) installed and available. The 
peaking plants cost about $500 per KW 
installed and available (so $1.75 billion 
for 3500 MW) . Therefore the total deferred 
investment is at least $10 billion. 

Hence, we come to the remarkable conclusion 
that investing in our $5 billion 
conservation program permits California 
consumers to defer an investment of twice 
that much for new power plants, which must 
eventually cost them about $1 billion 
annually in increased electric rates.7 So 
our low-growth scenario is the cheapest in 
first cost, and in addition it offers the 
$2 billion annual savings in energy bills. 

9 
3 

7 7 
COMPARISON WITH OTHER STUDIES 

We would like to call attention to the 
December 1971 Science paper "Residential 
Energy Use Alternatives: 1976 to 2000" by 
Eric Hirst.8 Hirst's study shaves 2% off 
the annual growth rate (reducing it to 
0.4%) for the residential sector--our 
potential savings is 3% for all sectors 
considered, and about 5% for the 
residential sector. But Hirst's study is 
for new homes and appliances, nationwide~ 
ours emphasizes retrofits for California. 
In California it is easy to save extra 
energy by retrofit of old, uninsulated 
homes, which are plentiful because the 
climate is warm and gas has been cheap. 
After taking such factors into 
consideration, the agreement between the 
two studies is impressive. 

Finally, we compare our large conservation 
potentials with the forthcoming results of 
the · Demand Conservation Panel of CONAES -
the Committee of Nuclear and Alternative 
Energy Systems of the NAS/NRC.9 Their 
preliminary results are summarized in Table 
la. 
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billion invested capital, the utility 
collects at least $1 billionjyr by way 
of increased electric bills, (the rule 
of thumb is 15%) so in the long run 
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new plants. In summary, our $5 billion 
plan will save about $1 billion/yr in 
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Purchase price (dollars) 
XBL 768-3378 

SYMBOL BRA. 'ill PRICE REF VOL FZ VOL TOT VOL E.~RGY USE ANN. OPER. LIFECY'CLE 
kWh/MJN'IH COST COST 

A COLDSPor 7655110 $365. 10.92 4.25 15.17 161. $68. $1117. 
B COLDSPOf 7657110 360. 12.30 4. 77 17.07 169. 71. 1780. 
c COLDSPor 7657010 360. 12.40 4.60 17.00 136. 57. 1502. 
D COLDSPor 7657411 455. 12.31 4.75 17.06 175. 74. 1925 .• 
E COLDSPor 7657210 385. 12.31 4.75 17.06 182. 76. 1914. 
F FRIGIU\IRE FPS-170TA 470. 12.26 4.75 17.01 144. 60. 1680. 
G GENERAL ELECTRIC TBF16VR 400. 11.28 4.30 15.58 139. 58. 1568. 
H GENERAL ELECTRIC TBF18ER 450. 12.92 4.65 17.57 155. 65. 1752. 
I GIBSON RT17F3 470. 12.40 4.60 17.00 136. 57. 1612. 
J KELVINATOR TSK170KN 488. 12.40 4.60 17.00 136. 57. 1630. 
K KELVINATOR TSK170KN 520. 12.40 4.60 17.00 136. 57. 1662. 
L PHILCO COLD GUARD RD 1667 510. 11.99 3.62 15.61 103. 43. 1375. 
M PHILCO COLD GUARD RD17G8 550. 12.37 4.65 17.02 104. 44. 1424. 
N PHILCO COLD GUARD RD17G7 510. 12.40 4.65 17.05 101. 42. 1358. 
0 SIGNATURE UF0-1525-00 355. 10.44 4. 74 15.18 146. 61. 1581. 
p SIGNATURE UF0-1715-20 385. 12.28 4.74 17.02 153. 64. 1670. 
Q SIGNATURE UF0-1625-00 450. 10.46 6.05 16.51 196. 82. 2096. 
R WESTI~(}f()USE RT170R 470. 12.45 4.65 17.10 127 53. 1537. 
s WHIRLPOOL EAT17NK 400. 12.31 4.75 17.06 175. 74. 1870. 
T WHIRLPOOL EAT15PK 415. 10.86 4.19 15.05 160. 67. 1759. 
u I'IHIRLPOOL EAT171HK 440. 12.31 4.75 17.06 110. 46. 1364. 
v WHIRLPOOL EAT17PM 418. 12.46 4.75 17.21 175. 74. 1888. 

M = MANUAL IEFROST, REFRIGERATOR A"'D FREEZER 
P = A!Jf(].fATIC DEFROST REFRIGERATOR, MA."'UAL DEFROST FREEZER 
A = Al.JfCt.IATIC IEFROST, REFRIGERATOR A'lD FREEZER 

NOTE: LIFECYCLE COST ASSUMES 20 YEAR LIFE. 

DEFROST 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

ELECTRICITY IS ASSUMED TO COST 3. 5 CENTS PER KW-HR AND FUEL INFLATION RATE (IN CONSTANT DOLLARS) CANCELS INTEREST RATE 

Fig. 1. Scatter plot of 1976 refrigerators, from Goldstein and Rosenfeld, Ref. 2. 
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The savings may be large eriough to induce building.owners to follow 
the standard on. a volu.ntary basis providing they had such decision 
information .available to them and providing financial institutions 
recognize that the loan quality is improved. 

The initial construction costs of those buildings modified under 
the standard prescriptive/performance approach were shown to be less 
than those of conventional buildings. Unit savings rarlge from $0.04 
to $0.94 per square foot, with the greatest savings experienced in 
office buildings. 

ASHRAE 90 generally increases the cost of the exterior wall, floors, 
roof, and.domestic hot water system. Glazing costs may be higher or 
lower depending upon building type. Unit costs for lighting, and partic
ularly HVA/C equipment and distribution systems, were significantly 
lower and tended to offset the increase· in other costs. 

Average changes in unit construction costs are as follows: 

Single-Family Residence 
Multi-Family Residence 
Office Building 
Retail Store 
School Building 

Dollars Per 
Square Foot 

-0.02 
-0.41 
-0.63 
-0.18 
-0.44 

Note that 

these 

"increases" 

are all 

negative 

For the prototypical buildings investigated, the cost of additional 
design efort was found to be between $0.09 and $0.36 per square foot 
of floor area. With the exception of the single-family residence, 
the straight payback of design services due to energy cost savings 
was found to be less than one year, and less than six months in most 
cases. Average additional design costs were as follows: 

Dollars Per Square Foot 
Annual Additional 

Energy Savings Design Services 

Single-Family Detached 
Residence 0.07 0.24 

Low-Rise Apartment 0.31 0.09 
Office Building 0.40 0.16 
Retail Store 0.68 0.09 
School 0.70 0.15 

Straight 
Payback 

2.9 years 
3.4 months 
2.5 months 
7.6 months 
4.6 months 

Fig. 2. Page 7 of A. D. Little assessment of Ashrae Standard 90-75, Ref. 3. 
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Fig. 3. Savings possible by thermostat setback or conservation retrofit measures on an 
uninsulated Oakland house, calculated using a 1955 weather tape. Costs for fuel 
and retrofit measures and apportioning of loads, are discussed in the text, above 
Eqs. (1) and (2). Both Figs. 5(a) and S(b) start at the left with a bar represent
ing a "pre-embargo" house kept at 72°F day and night, followed by a more "recent" 
house kept at 70°F. However, in Fig. S(a), no night thermostat setback is assumed 
until the last bar; instead insulation and storm windows are retrofit in sequence. 
In Fig S(b) night thermostat setback to 60°F (N = 60°) is assumed at the third 
bar, and the retrofit measures come last--so they are less cost-effective. Both 
plots end at the same bar, representing all conservation measures including night 
setback, and furnace output down to 238 therms. The dollar cost scale at the 
right is based on a gas price of 20 /therm divided by a furnace efficiency of 0.6 
(Ref. 2), i.e., a cost of 33/therm of furnance output. (Source: Wall et al., Ref. 6) 
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Table 1 

Appendix C3 (fran LBL Report UCID-3847, 1976) 

Derivation of Percentage Savings 
for 1980 Construction in California 

Somce: A. D. Little Inc., An Impact Assessment of ASIRAE Standard 90-75 

In Tables III-5 through III-10 of this report changes in· energy 
comsunpticn are listed as· a result of the 90-75 Standard. We SliiiDarize 
only those which affect electricity consunption. 

ANNUAL ENERGY OONSUM?TIOO (1000 btu/ft2)2 

Measured at Building Boundary 

Table Cooling! Aux. Fans Lighting Total \ Savings 

RETAIL 
Cmrent Ill-7 22.0-28.5 5.7 96.0 89.2 213.7 27.2-30.4 
90-75 III-8 27.3-34.1 4.1 56.3 61.1 148.8-155.6 

OFFICE 
BLDG. 
Cmrent III -5 13.1-16.3 3.0 11.6 54.0 81.7 27.8-30.5 
90-75 Ill-6 8.7-10.9 3.4 6.4 38.3 56.8-59.0 

SOIXJL 
Current III-9 4.7-5.9 2.9 2.0 34.1 43.7 22.0-23.6 
90-75 Ill-10 3.0-3.7 2.0 1.1 27.3 33.4-34.1 

1Jhe A. D. Little figures for current practice are adjusted downward 
by 20\ to allow for absorption air conditioning. This satmatiem is 
estimated by Salter, et al. (Ref. 3). The 90-75 Standard Reflects a range 
of consunptian to allow for uncertainty in future satmation of absorption 
air conditioning. 

2To convert to equivalent watts/ft2 for an operating schedule of 3000 
hr/year, note that 1000 Btu/3000 hr x 1 watt-hr/3.415 Btu= 1/10 watt/ft2, 

Table la. Some preliminary (Sept. 1977) inputs and results of the 
OONAES Demand Conservation Panel.9 The study considers 5 scenarios, 
but scenario C assumes constant energy prices, and D assumes prices 
have halved by 2010. In the light of .actual trends, scenarios A&B 
seem much more likely. All scenarios except B assume a doubling of 
GNP by 2010. This corresponds to a 35-year averaged annual GNP growth 
of 2'fyear, starting at 2.9%/year and declining to l.U in 2010. 

1. GNP (2010)/GNP (1975) 
Annual GNP Growth* 

2. Fuel Price (2010)/Price (1975) 

3. Energl Consumed 
(10 5 Btu/yr called "Quads") 

Present 

1975 

72 

A 8 B' c D 

-------2010----------

2 
2t 

4 

72 

2 
2% 

2 

94 

2.8 
3% 

2 

132 

2 
2' 

1 o.s 

128 148 

4. Energy for Electric Generation 
(Quads) 20 22 31 42 46 52 

5. 

6. 

* 

a) Scenario result 
(Line 4/Line 3) 

b) Min. electric sub-scenario 
c) Max. electric sub-scenario 

Electric Annual Growth* 
a) In percent per year 
b) Min. percent per year 
b) Max. percent per year 

Electric Annual Growth* 
Buildings sector 1'/yr) 

Averaged over 35 years. 

28% 31% 33% 
25% 24% 
56% 49% 

+0.3 
-0.3 
+2.2 

1.2 

1.23 
0.3 
3.0 

2 

32% 
23, 
49% 

2.1 
1.2 
3.6 

2.6 

30, 
23, 
52' 

2.3 
1.0 
3.6 

3.4 

35, 
24% 
sa 

2.7 
1.5 
4.1 

4 

~ 

• 
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:t"ABLE Za: CALIFORNIA RESIDENTIAL SECTOR RETROFIT - NATURAL GAS. MBTU • t06 BTU. M$ • tO'S. 

OPTION STATEWIDE POTENTIAL 
3a. 3b.ANNUAL 4.TOTAL 5.TOTAL 6.ANNUAL 

~ RETURN UNITS CAPITAL ENERGY 
SAVINGS ON SAVED 

SAVINGS (col. t/ IN-
col. Z) VESTMENT 

___l_ 
~ [S) [MBtu/yr) · Mlllil (ltjJISJ (MILLIONS) [M$) 

yr yr 

COLD WATER LAUNDRY sou> stl!> 4(28)' zo 

SHOWER FLOW RESTRICTOR sz<l> 3.514 1 0.6 Z707. 6.zs<6 > StZ.S zz 

INSULATE WATER. HEATER $6(?) z.s<a> Z.4 637. 6.zs<6 > $37.5 t5.5 

NIGHT-TIME THERMOSTAT S5o<9 > z 1t1o1 Z.4 63?. 6.Z5(II) S3t3 131 
SET BACK 70° TO 55° 

(AVERAGE :!VERALL HOUSING) 

THE FOLLOWING 3 NUMBERED MEASURES ARE ASSUMED TO BE PERFORMED IN SEQUENCE BEFORE NIGHT TEMP. SETBACK 

1. RETROFIT ATTIC INSULATION (R-t9) 
(SINGLE FAMILY UNIT ONLY) 

2. RETROFIT WALL INSULATION (R-t1) 
SINGLE FAMILY HOUSE 

MULTI-FAMILY UNIT 
3. STORM WINDOwl 24 1 

SINGLE FAMILY HOUSE 

MULTI-FAMILY UNIT 

S45otu> z91161' 

sz5o< 18> zz<u> 

S44otl!o) tz<H> 

SZ5otzo> 8tzJ> 

9 16% 

15.5 10% 

' 11.5 t3% 

37 4% 

3t 5% 

COMBINED HOUSEHOLD HEATING MEASURES INCLUDING NIGHT THERMOSTAT SETBACK 
SINGLE FAMILY HOUSE St,Zt5 8Z t5 tO?. 

MULTI-FAMILY UNIT 
SOLAR HOT WATER HEATERS 

S550 
StOOO 

36 
t8 

TOTAL RES!DENTIAL NATURAL GAS CONSERVATION POTENTIALS 
COMPARE WITH I 9 7 5 CONSUMPTION FOR THIS SECTOR 

t5.3 
55 

9.8% 
Z.7% 

TOTALS FOR: (INCLUDES STORM WINDOWS BUT NOT SOLAR HOT WATER) 
SINGLE FAMILY HOUSE St,ZZ3 93 $t3.t5 t1.47. 

MULTI-FAMILY liNIT S558 47 . $11.90 1Z.6% 

2.25, 14 ) 

4.oll?) 

1.8(11) 

4. o< 17> 

1.8(17) 

6.25 

$620 68 

$1,800 116 

$450 40 

[$1,80o(ZZ)J -
S4Soll2l] -

$3,583 

-

379(26) 
675(Z?) 
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TABLE ~B. CALiroRNIA RESIDENTIAL SECTOR RETROFIT- ELECTRIC. MBtu • 106Btu; MJ • 106$ 

COLD WATER LAUNDRY 

SHOWER FLOW RESfRICTOR 

INSULATE WATER HEiiTER 

NIGHT-TIME THERMOSfAT 
!SET QACK 70° TO 55°) 

Insulate Freezer 

SfORM WINDOWS(See also Table 3a) 
SINGLE FAMILY HOUSE 

NORTHERN CALIFORNIA 

SOlTI'HERN CALIFORNIA 

MULTI-FAMILY UNIT 
NORTHERN CALIFORNIA -

SOlTI'HERN CALIFORNIA 

KITCHEN FLUORESCENT I.AMPsiUl 

SOLAR HOT WATER 

t.cosr 

[S) 

so 

~~ 

$6 

$50 

$25 

$440 

SC!50 

SJoiHJ 

SIOOO 

TOTAL (EXCLUDING SOLAR HOT WATER OPTION) 
COIIPARE WITH 1975 CONSUIIPTION FOR T~IS SECTOR 

Z. ANNUAL 3a. 3b. ANNUAL 4. TOTAL 
ENERGY / ~ \ RETURN UNITS 
SAVINGS \SAVINGS) ON 

(~J VE~;ENT 
Mlllil _J._ (7./yrJill {MS) 

yr MBtu/yr 

uiJJ 

e.zsl5 l o.Z<\ 

3.5171 1. 70 

z 

4 6.25 

39(11) 11.3 

ZJ(IO) 19.1 

z111 11 11.9 

ui1Zl ZZ.7 

Z.6sl25 l 11.3 

41 Z4.4 

13507. 

1907. 

1607. 

SO% 

<!97. 

177. 

<!77. 

147. 

5oo,ooo1 4 1 

800,000(6) $1.6 

800,000161 S4.8 

750,000(6 ) $37.5 

1 million $25 

110,00016 1 $48.4 

140,000(6) $61.6 

90,000(6) szz. 5 

385,000(6) $96.3 

Z97. 4,000,000IHI S1ZO 

137. [800,000 $800 

1413 

FOR NON-APPLIMCE RESIDENTIAL USES 

~ 
yr 

0.5 

6.6 

Z.8 

18.0 · · 

4 

4.3 

3.Z 

1.9 

4.Z 

10.6 

3J) 

5Z.1 
47BIHI 
185 

THE ITEMS BELOW HAVE ATTRACTIVE P.ATES OF RETURN, AND ARE SEPARATED ONLY BECAUSE WE HAVE NO DATA ON HOW 
MANY POTENTIAL UNITS EX I Sf. 

RETROFIT ATTIC INSULATION 
(SINGLE FAMILY HOUSE ONLY) 

R-0 to R-191 161 NORTH; 
SOlTI'H: 

R-11 to R-19 NORTH; 
SOlTI'H: 

RETROFIT WALL INSULATION 
SINGLE FAMILY HOUSE 

NORTH 
SOUTH 

MULTI-FAMILY HOUSE 
NORTH 
sovrH 

S350(ll) 107114 1 
S350(IJ) 691 141 

3.Z5 
5. 

11sol"l 
S150' 17l 

14( 18) 10.7 

S5ooll 3 l 

szsot 191 

9( 18 ) 16.7 

85(14! 
szll4l 

58cz11 
331211 

5.9 
8.8 

4.3 
7.6 

1017. 
657. 

317. 
ZO% 

567. 
377. 

767. 
437. 

? 

? 

? 
? 

? 

? 

? 
? 

? 

? 

? 
? 

.. 
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Q.DlHES DRYER 

IWIEE 

SPACE HEAlER 

~:1 f.J·. ; ; ~) J 
11 

TABLE 2c. IISII£NTIAL SECTOR. ra~ /fPUPllCE'S, NATURAL (i\<) 

1. CAPITAL 
(mT 

($) 

CffiT AND SAYINGS PER liJIT 

2. A'lNLIAL 3A. (..au_) 3B. Pl-JNLIAI.. 
ENERGY SAVINGS I£TU~ 00 
SAVUIGS (l:QL...l) IN\£Slfo'ENT 

COL,2 
(__j_) 

(ffiru/YR) ~Bru/YR (%/ya) 

3,5<2> 2.85 

mill 4,5<2> 4.45 

53% 

34% 

$35-$65Q) 6{~)-9,><2> 10.8-3.7 

1/AlER HEAlER (ENERGY SAVINGS HARD TO ESmVITE, SINCE ELIMINATING 1HE PILOT REWIRES REDESIGN 
OF 1liE WATER HEATER TO SAVE ENERGY) 

OWN£ 1975 IISIIENTIAI.. G.6S I.5ACl 

SWITOl TO SPAA< IGilTIOO 

SI81EWIIE PmtNTIA! S 
P.ll~lJAI SALES 

4. LmTS(3) · 5. VAllE 

ct..x.l.iE> 
<PER 'fEAR) VB 

150,llXJ (5) $1,50 

250,(XX)(6) $5.0 

310,000(7) $10.8-$20.2 

ANNLIAL TOTAL - $2!11 

TABLE 2o. IISIOCNTIAL SECTOR. ~81 lfPLIANCE'S, ELECTRIC ENERGY. SEE TABLE 3s FOR PEPJ< PMR POlENTI/lJ...S, 

rPIIOO mrr 81-Ul S8YIMJS !!B IJJII SI81EWIIE P0100I81 

Pl~LIAL 

ENERGY 
SAI£0 

(~) 
vrt 

0.52 

1.13 

1.9-2.9 

-4 

675. 

IY:l~l181 SALES 
1. mrr 2. IINNLIAL 3A.QE.__ 3s, IINNLIAL 4. l.fHTS 5. ADDITIO:W.. 6. NJNU8L ENEBGY SAVED(l5) 

Bi'ERGY SAVINGS !£TURN ON SOill CffiT 
cl.DEB.ru> eft> SAVINGS (COL,l/COL,2) IUVESTiflfT (hl(f) 

{i"BrulVBl I Sl![llruiYBll {%/YR} VB ~ ~ 

1·/ATER HEAlER $0-20m 16(2) ~1.25 oo-SO:X ~ 100.000 <3> $0-2 1.6 .4 
(swITCH FRO'! ) 
ELECiRK TO GAS 

flJli'lri $0-30m 7.2(5) $04.20 oo-J.JS! l90,coom $5.7 1.4 ,23 
(s,mCH FRO'! ) 
ELECTRIC TO GAS 

IURIGER~TOR ~gs(6) 6,6(7) $0-14 oo-23% 620,ocoG> $0 4.1 51 
(CHOOSE I'DST E~ICIENT 
MODEL AVAILABLE 

Cl.D1HES DRYER $30(8) 6.5(9) $4.5 2cxwxP> $5.8 1.3 .19 
(SWITCH FRO'! 
ELECTRIC TO GAS) 

lm'1 AIR COfiDITIQ'IER $ffi-ll0(13) 8,oill> $8.10-13.!Xl 13-22% 200.llXlm $22 1.6 .oa<m 
(RAISE EER FR<l'\ 6 TO 9) 

CENTML AIR WIDITia·IER $270(10) 20(ll) $13.5 mU4> 150,(XX)U2) $40 3.0 ,15(11) 

~g~E EER FR<l'l 6,5 

N~ILIAL TOTAL $75 13.0 1.42 
O:'lPAf£ 1!V'5 APPLIPl'lti USA!I 31.1 



TABLE 2E.· rALIFO~~IA 011t£RCIAL SEcroRQ) I£00FIT POlHITIAL- ELECTRIC ENERGY' AND PEJ\K ('OilER 

OPTIOO aET AND ~INGS PE& Lml CALIFOBI~l8 FUlB[lAL 

1. tl_s~T 2. ~~~~~ 3A.~3B,~.~ 4
' mr% S.~~tAL 6

' mf~ 7
' ~ 

·SAVINGS 
<co~} 1 

T sAWB )liNGS 

($1'~ 
(~) 

P \tJ~ING (2) 
£ t·WHRIYR ('f./y~) YR (M 

,EDUCE LIGHTING L.I!fS IN 
~RKING AREAS BY 
(FROM 3,3W/Ff2 TO 2,2W/Ff2) 

$0, 008/~ 3.21<\~HI~ I 2:m1 ~ A, DEL..N'1PING(3) 2.5 1250% ($10) (IDJ) (2610) 

B. DEL..N'1PING WI~ FT $0,031/ 3.3K\4HI 9.4 323% 25(01 ~ $78 829.1 279J 
DISCONNECTION 4 

$0.13/~ 3.5KI~HI~ I 2500'1 ~ C, REPLACE nJBES W~ 37 81% ($325) (879J) (2891) 
11

PHANTOM nJBES
11 

I 2. DAYLIGI-IT ~ 20% OF $0.f.61~ 3.3KWHI~ LID 15% 22(11~ • $145 72£ 242 
OFFICE SPACE 6) 

3, TURN OFF LIGI-ITS WHEN AU. 
OR PART OF ~ILDING IS 
UNOCCUPIED ( ) 1-' 

O.E6KWHI~ 250]11 ~ (165()) 
IV 

A, GUARDS OR MAINTENANCE $0 0 co ($()) 0 
MEN TURN OFF LIGHTS 

$0.011~ zscrn~ Bi 7-DAY CLOCK O.f£1<\'/HI~ 15 19~ $25 1650 0 
c. TIMED SWITCHES $0.11' O.E6KWHI~ vo 18;; ·WJl~ ($275) (lm:J) "0. 

4. INSTALL l.OfiER-WATTAGE $0.011~ 0.69KWHI 14.5 200% 250(1'1 ~ $25 V25 578 
TUBES AND BULBS ON (8) 
NEXT REPL~C~ CYCLE 

1!B·1~ 5. TASK LIGI-ITING _9) $0,26/Ff 1.6KWHI~ 100 1~ w vo 63 
Nuo> 

, RtASE INDOOR TEMPERATURE $0 0.35KWHI~ 0 CD 250Cf1 .F(l. 0 (875) 0 
AND RELATIVE HUMIDITY DURING 
OCCUPifu~OURS OF COOLING 
SEASON 

2, REDucE FRESH AIR F~ $]/PERSON 3 I 25KWHIPERSON 24% JM OFFICE $l (3,25) 24 
V"".:NTILATION FRr.d CFMQ2) WORKERS 
PER PERSON TO , FM 

lOJ<WHIF{l. 1cm~ 3, REDucE SOLAR HEAT (13) $1.~ 150 2m $15.') 100J 000 
GAIN THROUGH WINDOWS wrfi. OF WINIX7r'l OF 1'1 I NlX7r'l 

OF WI NlX7r'l 

TOTAL CooT INCLUDING RAlSING 11-!ERMOSTATs) Q2) 03~554 t·1i<WrR = 149xloJ2Bru) $450 13.551 4268 
1975 CcM-1ERCIAL SECTOR1 FOR COMPARISONQ) so~cro · gro 

'~ 
... .,, 
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'T.(\IiLE z£. CALIFORNIA ca.MERCIAL SECI'OR RETROFIT POTENTIAL - NA'riiRAL GAS 

f'PTIOO !ml l'l:lil S&ltliS FfR llll! SIAlEWIII P011=NTI81.S 
1. CAPITAL 2. PnillAJ.. .. 3A, (....!ll1L) 3a. I£IUR'l ON (!, TOTAL 5. TOTAL 

-am E1fRlY SAVINGS ltM:SMNT UNITS CAPITAL 
SAVINGS <cot...llcoL,2} carr 

1 $/(J1lru/YR)I (%/VR) (fro 

HFAIINGUS) 

1. RalocE INIXXR TEMPERA~ $0 14,(XXJ Brulrr2 0 - 2!mlrr2 $0 
IXJRING OCCUPIED IOJRS 

2. SET BACK THERI'OSTAT AND stilT . $0,01/~ 5,roo Brut~ $1,79 1Cli% 2!mlrr2 $25 
OFF OUTSIDE~ AT NIGHT AND 
ON WEEKENDS 

3, REDucE FRESH AIR (vem~TION $0 LfOO Brut~ 0 25001 rr2 $0 
AND INFILlRATION) FRa1 ~ 
PER PERSON TO 7.5 CFMIPER50N ) 

llOI ~IIllER HFAII ~ 
1. REDucE TEMPERATURE OF $0 365 Kll'ruiHEAD $0 5,!i'1 HEADS $0 

00'1ESTIC HOT WATER 
(FRO'l l3S0 TO 95<f,) U9) 

2. INSTALL AIR SPRAY 
NOZZLES ON F.6JJCETS (2)) 

$~F~ET = ¢ HEAC 
174 KBruiHEAD $0,67 276% 5.~ HEADS $0.66 

3. ~/RAP INSULATION AROUND 
H)T WATER STORAGE TANK(21) 

$0,10/HEAD 2) KBruiHEAD $5,00 38C 5,!i'1 HEADS $0,55 

TOTAt aH·£RCIAL NATURAL &AS C!JlSERVATIO'I P01BITJALSC22) $26,2 
NOT INCUJDING SETBACK DURING OCCUPIED HOURS 

ClJoPAI£ Willi PI6ENT SECJOR C!JlS!.M'THl'l (JS15) U> 

TABLE Zg. CALIFORNIA INDUSTRIAL SECI'OR RETROFIT - Natural Gas and Oil 

The extreme diversity of this sector makes the estimates below very uncertain. (l l 
Further, unlike the table of residential options, this table is extremely 
incomplete. Out of a list of about 100 options, we have merely chosen six with 
large to very large annual returns on investment, to show that the field warrants 
serious study. 

SAMPLE OPTION 

Annual 
Energy 

1. Cost 2. Savings 
Cost/ 

• 3a. Savings 

Annual 121 
Return on 

3b. Investment 

Adjust Combustion Equipment 
to Minimum Excess Air 

Install On-Line Burner Controls 

Minimize Furnace Openings 
(Residual Radiant Losses) 

Eliminate Steam Leaks 

Insulate Steam Distribution 
System 

Repair Cracks in Furnace 
Walls (Infiltrat'ion Losses) 

Utfl i ze Heat Recuperation 
Equipment 

($) (I~Btu/yr.) ($/MBtu/yr.) (1/yr.) 

$500+131 ~ss1 4 l 
(45,000) 

$0.01 20,000S 

$1o,oool5l Nm;l6l $0.33 6001 
to (90,000) 

$30,000 

$6ool7l 940(S) $0.63 3131 

$500(9) . 540_(lO) $0.93 2161 
3000 

$13/Ft(ll) lOfFt. (1 2) $1.30 154S 

$25-$50(131 7(14) $7.15 28S 

30%11 51 

6, TOTAL Et£ffiY .. 
SA\£Il 

a.o12 Bru!YEAA) 

(35) 

14 

4 

2 

1 

0.1 

21.1 
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· TABLE 3a. CALIFORNIA RESIDENTIAL SECI'OR RETROFIT: PEAK POWER SAVINGS IN AIR-CDNDITIONED ID1ES. 
1HE ENERGY SAVINGS OF SCMl OF THESE ITFMS APPEAR IN TABLE Zb. APPLIANCES ARE TREATED IN 
TABLE 3b. 

!l'TIOO ID IIIIfPSE axlll!«i UWl lW NID SAVINGS PER l,tiiT 

1. WIT 2. FniER SAVItlGS 3. WIT/SAVINGS 
G'/Arrs) ($/Wm) 

SHAlE SOOTH AND lf.ST WIN!nS(3) ~J2)(4) '2PIJ(4) $,J.O-,SQ 

UISUlAlE AlTIC: AID R-19: -

IN UNINSULATED HOJSE $350 100)(6) $.22 

IN HOUSE Willi 1M) CEILII«i INSULATIOO W) p;sO> $,40 

AID SlUR'~ WIN!nS TO CENTRAU..Y AIR-<DIDITICJfD lll.SES 
SINGLE FAMILY UNIT $450 300(1) $1.50(2) 

MJLTI-FAMILY UNIT $250 160m $1,50(2) 

TOTALS 
. . 

$12M STATEWID£ 

*$1Z-l cmT INCI..lm IH..Y SHAD!~ WIN!nS (OMR OPTIONS TOTAUED IN TABLE 28) 

STAID!Ij£ PQIDITIALS 

4. ums 5. PGIER 

!m.CXXl(3) 

SMo\U. 

?lCXMID? 

TlO,rrJJ(S> 
360,fJJJ(5) 

SAVtll 
(00 

120 

SMALL 

? 

230 
f:O 

350 

TABLE 3b. RESIDENTIAL SECI'OR, NEW APPLIANCES, PEAK POWER. (l) .1HIS TABLE SHOWS THE ITFMS FRG1 
TABLE Zd, RE-ORDERED BY PEAK-POWER SAVINGS. 

CfTHN 

lUlU (fAATOR/FiffiERS 
- CH:JOSE I"DST EFFICIENT HJDa 

WATER HEATER 
- SWITCH TO GAS OR INSTALL TIMER 

- SOLAR 

, flJINtE: SWITCH TO G.4S 
- SlM1ER 

-WINTER 

a.mHES DRl'ER: SWITCH TO GOS 
- Sl.MolER 
-WINTER 

AIR-<DIDITHlfR. lm'1 
- RAISE EER FRCt-1 6 TO 9 

AIR-miDITIQ'IER, CENfRAJ... 
- RAISE EER FRCfol 6,5 TO 9 

1. 

TOTALS L COST' ($70'1) AI.J!E/>DY INCUJDED IN TABLE 2oJ 
CCWI\If 1975 IBI!fNTIAI.. PEAK APPLI.&NCE USE 

lW 000 SAVINGS PER ltlii 

WIT froo1 2. PEAK 3A.~) 
TABLE 2o. PailER 

SA\fl) .w ($) <WArn> 

()-95 78(ll) D-$1.20 

<20 550(2) < ,04 
lCXX) 360(3) 2.80 
<30 

< 275(4) 0.11 
600(6) 0,05 

30 
<2500) 0.12 

(8) 0,14 210 

~110 fJJJ(S) ,11;.,18(5) 

270 
. (9) 

l!m 0.18(10) 

STAIDIIIE fWNTIAI S 

4. .&NNUAI... 5. PEAK 
U'-JIT (12) PO.oJER 
SALES SAVED 
O!XXJ) (141/yEAR) 

620 48 

<100 55 

19) 
? 

200 
? 

200 l2J 

150 225 

\" 

.• . 
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TABLE 5. CoNSERVATION PoTENTIALS FROM TABLE 4. 

NATURAL 
GAs 

1012 BTu 
YR 

1. POTENTIAL SAVINGS FROM TABLE 4. 431 

2. 1975 CONSUMPTION 1665 

3, SAVINGS 
1975 CoNSUMPTION 

4 I POTENTIAL REDUCTION IN ' 
ANNUAL GROWTH RATE 
(ONE TENTH OF LINE 3)' 

26% 

2~. 

ELECTRICITY 
ENERGY - PEAK 

109 KWH 
YR 

40.3 

151 

27% 

2~% 

PowER 

<MW> 

12~500 

271000 

47% 

5% 

5, UTILITY-PROJECTED ANNUAL SHORTAGE 4.9% 6.4% 
GROWT!:J RATE . . . 

6. VALUE OF SAVINGS IN LINE 1 $ ffiA . •• $ lBB $ 6Be 

7, CAPITAL INVESTMENT NEEDED 

8. ANNUAL RETURN ON INVESTMENT 

$ 5 BILLION -----; 

$ 2 BIYEAR = WYEAA + PEAK P<l'IER SAVINGS 

fOOTNOTES FOR LINE 6: A, AT $2/MBTU~ THE ACCURATE VALUE IS $860 MILLION· 
B. AT 3¢/KWHR~ THE ACCURATE VALUE IS $1.2 BILLION 
C, ASSUMES AN INVESTMENT OF $500/KILOWATT FOR 

NEW AVAILABLE PEAK POWER; CORRECTED FOR 
TRANSMISSION LOSSES1 AND INCLUDING COSTS OF 
NEW TRANSMISSION LINES, 

SOURCE: ROSENFELDI ANDERSON~ CRAIGI GOLDSTEINI KUKULKA; LBL 5926. 
JAN, 1977 

•' •' 

TABLE 6. CoNsERVATitli PoTENTIALS AND 6RooH PRoJECTIONS 

NATURAL ttECTRICITY(4) 
GAs ENERGY ~ 
(~Bru) (~ (tJ 

1. CoNSERVATIOO PoTENTIAL 431 40.3 12.5 
FRa-t TABLE 4 

2. 1976 USAGE 1665 151 27 

3. STATE f>RoJECTIONSI 1985 
1766(2) A, <RJC - -

. B. CER(l((5) - 214<5> 42(5) 

4, IJnLITY f>RoJECTIOOS, 1935 2001(3) 244 9J(6) 1'-' 
0'1 

5, AvAILABLE SuPPLY ).985 
TRADITIOOAL SouRcES (GAs ONLY) 1173 

6, PoTENTIAL GAs SHoRTFALL 828 
(LINE 4 - LINE 5) 

7, CoNSERVATION AS PERcENT' OF 52% 
PoTENTIAL SHoRTFALL 
(LINE liLINE 6) 

8, CoNSERVATION AS PERcENT OF - 43% 55%(6) 

IJnurv PlANNED 6RcMH 
(LINE 1/(LINE 4-LINE 2)) 

•' 
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FOOTNOTES TO TABLES 

TABLE 2a. 

(l) 

(Z) 

(3) 

(4) 

(5) 

(6) 

(7} 

(8) 

(9) 

(10) 

There is no· additional cost for cold water 

detergent. 

Based on an electricity savings of 1000 KWH (ref. 

17) and assumed gas water heater efficiency of 

707. 1000KWH X 3413BTU = 5 MBTU 
• 707. KWH ' 

S2 should cover 1.5 showers/house. 

Assumes the typical ~gallons of 140°F water per 

person per day (equivalent to 30 gallons of 100°F 

water in a 5 minute shower every two days) can 

be reduced by a factor of 2 with flow restrictors. 

Efficiency of the water heater is taken to be 707.. 

This calculation is. based on average 2.85 persons 

per household in California. 

This calculation is based on $1.50/MBTU natural 

150 
gas cost to the consumer. col. 3A =col. 3B. 

This number is 857. of the homes in California. 

We assume all showers are candidates and we 

know that 85 :i: 57. of the homes have gas water 

heaters. 

The materials can be purchased for less than 

$6.00 at a llardware store, however kits are 

available for $20.00. In that case the 

cost/savings is $8/(MBTU/yr). 

This saving is a result of reducing the water 

heater's standby loss. It is unaffected by the 

magnitude of water use. The estimated 107. 

saving is based on LBL measurements. 

This is the cost .of a clock thermostat which 

automatically lowers the temmperature setting 

at night and raises it in the morning. 

We use David Pilati's calculations (graph ORNL 

DWG 74-11866R) of energy savings resulting from 

thermostat setback in Northern and Southern 

California climates(in Oak Ridge National 

Laboratory "Annual Progress Report, Energy 

Division", 1974 ORNL-5030) to estimate that a 

reduction in night thermostat setting from 70°F 

to 55°F will save about 267. of heating energy or 

22 MBTU/yr for Northern California and about 

317.. or 20 MBTU/yr for Southern California. 

Daytime thermostat remains set at 70°F. 

( 11) 85 :i: 57. of all California households have gas 

heating systems. 

( 12) Based on zzt to 251 per square foot for 

insulation installed, and an average attic size of 

about 1,ZOO rt2 • 

(13} Based on LBL heat load program Z-zone from 

LBL-4411 "Efficient Use of Energy In Buildings". 

1976. Savings based on climate. We used 317. or 

37 MBTU/yr savings in Northern California and 

347. or 28 MBTU/yr for Southern California, and 

weighted Northern climate by 41. 77. and 

Southern by 58.37. for a single family house of 

1200 sq. ft. These calculated savings are greater 

than those found in the experiences of California 

utility companies by .amounts typically of 5-107. 

of original energy use. The reason for this 

discrepency is probably that once the house is 

insulated the resident can use more heat by 

keeping all or part of his house warmer. Put 

differently, in the uninsulated house the 

resident saved energy against his will because 

the heating system simply failed to keep all or 

part of the house ·warm. This phenomenon was 

observed in the Fresno County E.O.C. retrofit 

insulation program; however, it has not been 

studied statewide. 

(14) 

(15) 

(16) 

An LBL estimate based of the number of 

uninsulated single family houses in California 

based on census data, FHA insulatiobn 

requirements, and data from a P.G. and E. 

sponsored survey by Drossier on the potential for 

retrofit insulation. 

Based on a cost of sot per square foot (range 401 

to 601) to retrofit insulate the walls of a 1,200 

square foot house. (assumed 30' x 40' x8' and 

20% of wall area glazed). 

The savings is based on ceiling insulation 

installed, giving potential savings of 35 MBTU/yr 

(or 30% of the unimproved condition) in Northern 



(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

California and 25 MBTU/yr (or 33% of the 

unimproved condition) in Southern California 

from LBL heat load program 2-zone. See 

footnote ( 13) for weighting factor. 

From "Electrical Energy Consumption in 

California: Data Collection and Analysis." LBL 

staff, 1976. UCID -3847. Wall insulation was not 

required for gas healed houses by FHA or other 

codes until 1975 and it is unlikely that a 

significant amount of it was installed. The 

number of gas heated multi-family units is 

taken as the difference between the total stock 

of multi-unit housing and electrically heated 

multi-units. For single family houses, we use 

90% of the analogous difference to account for 

non-heated and alternate-fuel heated houses, 

(coal, wood, oil, bottled gas, etc.). 

Based on 50.{ per square foot of exposed wall 

area and 500 square. feet of outside of>aque .wall 

per apartment of an average size of 1,100 square 

feet. 

From LBL 2-zone heat load program the saving is 

based on the assumption that ceiling Insulation 

exists giving 30 MBTU/yr or 48% savings in 

Northern California and 17 MBTU/yr or 57% 

savings in Southern California. See footnote (13) 

for weighting factor. 

Assumes $1.88 per square foot for storm windows 

and 20% of wall area is glazed. 

From LBL 2-zone heat load program, savings 

based on ceifing and wall insulation existing, 

giving potential savings of 15 MBTU/yr or 12% for 

Northern California and 10 MBTU/yr or 12% for 

Southern California. For weighting factor see 

footnote 13. The percentages are the savings 

from original unimproved condition. 

Storm windows are omitted since their rate of 

return Is much lower than the other options. 

However, It should be noted when dlsagregated, 

Northern single family homes have a 5.8% rate 

and Northern multi-family homes have a 6.6~~ 

rate of return. 

From LBL 2-zone heat load program. The saving 

Is based on the assumption that ceiling and wall 

Insulation exist giving 11 MBTU/yr (or 18% of the 

original condition) In Northern California and 6 

MBTU/yr (or 20% of the original condition) in 

Southern California. See footnote 13 for 

weighting factor. 

NBS studies (Heinz Trechel, Private 
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(26) 

(27) 

(28) 

(Table 2a/2b) 

Communication) show that when storm windows 

have been Installed, the occupant Is comfortable 

with a thermostat setting one or two degrees 

cooler than before, when he used the higher air 

temperature to compensate for the cole! 

windows. This probably increases fuel savings 

attributable to storm windows by an additional 

30 to 50 percent, but we have not included this 

factor In our table. 

Taken Individually, the home measures above 

add to 450.5 T BTU(T•101Zj, but although attic 

Insulation, wall Insulation are (correctly) 

calculated In sequence, night-temperature set 

back must be Included at the end, not the 

beginning of the sequence (as In Figure 2), and 

drops from 131 T BTU to 60 T BTU. 

Weighting P .G. and E.'s average sales at 115 MBTU 

per residential customer and Southern California 

Gas Company's average sales of about 105 MBTU 

by the numbers of houses with gas heat, we 

arrive at about 675 T BTU per year statewide. 

This compares with the RAND estimate ("Energy 

Alternatives for California: Paths to the Future", 

by W. Ahern et al, .R-1793-CSA/RF, 1975, page 

15.) at 556 G ftz or about 595 T BTU per year for 

the residential sector. RAND'S methodology for 

allocate gas use to sectors Is not explained. 

Assumes that 85% of the 4 3/4 million clothes 

washers In California are present in homes with 

gas water heaters. 

TABLE 2b. 

( 1) 

(2) 

(3) 

(4) 

(5) 

(6) 

We use a heat rate of 11,000 BTu/Kilowatt Hour, 

which Includes transmission losses. 

Col. 3b .. $3.27/(Col. 3a), derived as follows. At 

the average residential electricity price of 3.6.{ 

per kilowatt hour and the heat rate of 11,000 

BTu/KWH, the consumer Is paying $3.27· per 

MBTu of fuel burned by the utility. This price 

Includes average fuel ·costs and average annual 

capital charge. 

1,000 KWH/yr savings from LBL data 

base,Reference (6). 

Assumes that 10.6% of the 4. 75 million clothes 

washers in California are present in houses with . 

electric water heaters. 

Similar calculations as in Footnote (4) of Table 2a 

with 100% efficiency. 

LBL data base - "Electrical Energy Consumption 
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(7) 

(8) 
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In California: Data Collection and Analysis". 

UCID-3847 

The 300 to 350 KWH/yr or approximately 3.5 

MBTU/yr (10%) savings is based on LBL analysis 

and R. S. Oulnn, "The Effect of Increased Capital 

Expenditure as a Method of Reducing Electricity 

Demand for Hot Water Generation in a Home.· 

Master's Thesis, Department of Chemical 

Engineering, University of Tennessee, Knoxville, 

197Z. Note that this estimate is not comparable 

to the estimated savings for gas water heaters~ 

because the initial degree of insulation is higher 

for electric units. 

The ZZOO KWH or Z4 MBTU assumes a 40% 

reduction in the average space heating energy 

use of 5500 KWH/yr from the LBL data base. The 

40% figure is based on the LBL heat load program 

"Z-Zone". Such a largereduction is possible 

because of the relatively high levels of insulation 

In electrically heated homes and the mild 

climate. 

(9) Potential savings 3500 KWH/yr or 39 MBTU/yr 

(34%) based on LBL heat load program Z-Zone 

from LBL 4411 "Efficle_nt Use of Energy in 

Buildings," 1976, and assuming California State 

Code Insulation R-11 walls and R-19 ceilings, 

and 1450 square foot house or 1100 square foot 

apartment. 

(10) Potential savings ZOSO KWH/yr or Z3 MBTU/yr 

(38%) from LBL heat loat program Z-zone with 

assumptions In Footnote (9). 

( 11) 

( 1Z) 

(13) 

Potential savings 1900 KWH/yr or Z1 MBTU/yr 

(34%) from LBL Z-zone program with 

assumptions in Footnote (9) 

Potential savings 1000 KWH/yr or'll MBTU/yr 

(45%) from LBL Z-zone program with 

assumptions in Footnote (9). 

Electrically heated houses are assumed to. be 

newer and larger that the average; we estimate 

1450 square feet at zz~ to 25~ per square foot for 

attic insulation. and 50~ per square foot wall 

lnsulalion. 

(14) Potential savings for Northern California of 9,800 

KWH/yr or 107 MBTU/yr (33%) and for Southern 

California of 6300 KWH/yr or 69 MBTU/yr (36%) 

based Ofl LBL heat load program z..:.zone for a 

1450 square foot detached house and a 70°F 

thermostat setting. 

(15) This data has not yet been reliably collected. We 

expect that there are few electrically. heated 

C) 8 If 1 
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(16) 

(Table Zb) 

houses without insulation, but that many attics 

have only R-:-11, particularly in Southern 

California. 

R-19 is the highest level of retrofit insulation 

modelled so far on ''2-Zone". It Is apparent from 

the rate of return (65% to 100%/year) that 

higher R-values would be justifiable. 

(17) Based on insulation cost of 10~ per square foot. 

See Reference ( 13) 

(18) Energy savings from ceiling insulation are 

approximated by assuming that the ratio of: 

(reduction In heat load obtained by going from 

R-11 to R-19) to (reduction obtained by going 

from zero ceiling insulation to R-19) is equal to 

the ratio of the U-factors. If we assume that an 

unlnsulat.ed ceiling/roof has an R-Value of 4; 

while the R-Value of an Insulated ceiling/attic is 

3 plus the R-Value of the Insulation then: 

( 19) 

(ZO) 

(21) 

(Z3) 

(Z4) 

Savings (R-11 to R-1~)= . 

Savlngs(R-o to R-19) X 

I 
4 

I 
'19'+3 

Based on 50~ per square foot of exposed wall 

area and 500 square feet of. outside opaque wall 

per apartment. Size of unit is about 1100 square 

feet. 

Potential savings .for Northern California of 8500 

KWH/yr or 93 MBTU (43%) and for Southern 

California of 5200 KWH/yr or 57 MBTU/yr (47%) 

based on LBt Z-zone program and assuming 

R-19 ceiling insulation installed in 1450 square 

foot house. 

Potential savings for Northern California of 5300 

KWH/yr or 58 MBTU(48%) and for Southern 

California of 3000 KWH/y~ or 33 MBTU/yr (56%) 

based on ·LBL Z-zone program and assuming 

R-19 ceiling Insulation installed. in 1100 square 

foot apartment. 

We assume that a heavily used fixture (eg. 

kitchen or bedroom) with 3 60 Watt incandescent 

bulbs Is replaced by a Z-tube fluorescent fixture 

using either a Z2W and 32W circline tube or two 

20W straight tubes (plus ballast). This maintains 

a constant lev.el of Illumination. 

Price is for a decorative fixture with diffuser and 

tubes, but no cost for instllation. (Reference: 

Sears Roebuck + Montgomery Ward 1976 

Catalogues) 



(25) We assume 2000 hrs of use per year; this will 

vary widely for different households. Power is 

reduced from 180W to 50-60W; we assume 120W 

saved x 2000 hrs/yr or 240 kwhr/yr. 

(26) Assumes about one candidate fixture for retrofit 

·for every two houses in the state. 

(27) Uses kwhr consumption for the residential 

sector from reference 6 multiplied by 11,000 

Btu/kwhr. Note that this number includes the 

consumption of appliances, which are discussed 

in Table 2d. 

TABLE Zc. 

(1) Based on estimates from Science Applications 
Inc., "Automatic Ignition of Residential Gas 
Appliances," November 14, 1975 obtained from 
Rizzuto, J. E., and Fuhram, R. E., "The Po
tential Application of Electronic lgnition 
Systems for Gas Appliances in New York State," 
New York State Public Service Commission, 
144 Holland Avenue, Albany, New York, Sep
tember, 1975. 

(2) PG&E Estimates (Consumer Pamphlets). 

(3) Estimated sales of Be! appliances in Califor
nia. These numbers are not comparable to 
those in Tables 2d and 3b, wh:l.ch give sales 
estimates for electric appliance·s. 

(4) Hise and Holman - "Heat Balance and Efficien
cy Measurements of Central, Forced-Air, Resi
dential Gas Furnaces." Oak Ridge National 
Laboratory, ORNL-NSF-EP-88, October, 1975. 

(5) Based on A.H.A.M.* sales data for California, 
1970-75. 

(6) Assumes a steady-state condition of 4.25 
million gas ranges with a 16.9-year life 
(data source: LBL Data Base UCID 3847). 

(7) Assumes a steady-state condition of 6.25 
million gas heaters with a 20-year life; 
this is a low estimate. 

*A.H.A.M. = Association of Home Appliance Manu
facturers 

TABLE Zd. 

(1) 

(2) 

The range ($0-20) represents the price dif
ference between similar gas and electric 
model in the Sears and Montgomery Wards 
Catalogs. 

From the LBL Data Base UCID 3847 (Draft, 
1976), the average electric water heater used 
4000 kWh/yr, or 44 MBtu/yr, while a compara
ble gas water heater uses about 280 therms, 
or 28 ~tu per year. 
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(3) 

(4) 

(5) 

(6) 

(7) 

(Table 2b/2d) 

Average annual sales in California for the 
period 1971-1974 using A.H.A.M. sales data 
by state, adjusted by the use of sales and 
import/export statistics from Merchandising 
Week and the u.s. Census. 

Annual return on inyestment is calculated by 
the ratio of annual energy cost savings to 
first cost increase. For options which im
prove the efficiency of electric appliances, 
the savings are given by: (kilowatthours 
saved) x ($.036/kWh). For options in which 
gas is substituted for electricity, annual 
savings are: (kilowatthours saved) x 
($.036/kWh) - ~tu of gas used) x ($1.50/ 
MBtu), 

From LBL Data Base UCID 3847, electric ranges 
use 1200 kWh/yr or 132 MBtu/yr. Pacific Gas 
& Electric Company estimates in their con
sumer pamphlets that gas ranges consume lOS 
therms/yr, or 10.5 MBtu/yr. Of this, about 
4.5 MBtu/yr is used to run the pilot lights. 
(This means that the pilots average about 
500 Btu/hr.) Thus a pilotless gas range 
uses 6.0 MBtu/yr, for a savings of 7.2 MBtu/ 
yr. 

Tables and scatter plots show little or no 
correlation of refrigerator consumption 
with retail cost for current models. (See 
Goldstein, Rosenfeld, LBL 5910 - also "Ap
pliance Fact Sheets" chapter in this book.) 
After consumption for popular models (15-18 
cu. ft.) is reduced from present average of 
150 kWh/mo. to 90 (best available), prices 
might rise. R. J. Rettberg et al. in "Ap
pliance Efficiency Program - Final Report" 
(Science Applications, Inc., La Jolla, 
California, SAl-551-LJ, March 1975), pre
pared for the California State Energy Com
mission, found that refrigerator prices 
increase as efficiency increases, but that 
this increase is 2-3 times smaller than that 
which would lead to constant life cycle 
costs. If we use Rettberg's cost assump
tions and the number 2.5 instead of the 
range 2-3, we find that the cost increase 
is $.158 per kWh/yr. 

LBL Data Base, UCID 3847, gives average con
sumption of about 1600 kWh/yr for current 
sales ·of refrigerators. Consumption data 
in A.H.A.M. Directory, or Goldstein
Rosenfeld LBL 5910 (see note 6 above), along 
with sales data by class from UCID-3847, 
show that the choice of the lowest-energy
use model within each class yields an average 
consumption of 1000 kWh/yr, a reduction of 
600 kWh/yr, or 38%. 

(8) From Sears or Wards Catalogs. 

(9) LBL Data Base UCID 3487 Table 2 gives dryer 
electric usage as 950 kWh/yr. This is 3.24 
MBtu/yr delivered to dryer, and 10.5 MBtu 
resource energy. Gas dryer energy use 
(pilotless ignition) is about 4 MBtu/yr, 
according to our evaluation of data supplied 
by Dole (see note 13), which implies an effi
ciency of about 80% for gas dryers relative 
to electric, a reasonable estimate. 

\) 
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(10) The Trane Co. (Testimony to Calif. ERCDC, 20 
May, 1976) lists the costs of improving the 
EER for several different 3-ton central air 
conditioners • .The:average cost increase for 
units whose EER is raised significantly is 
$0.18 per watt saved. Then raising EER of 
a 3:....ton'central unit from 6.5 to 9 drops 
power from 5.538 KW to 4 KW, saves 1.5 KW 
and costs $270. 

(11) Calif~ air conditioners run about 650 hr/yr 
(Source, PG&E via LBL Data Base, UCID 3847, 
following Table A4.4). Then raising EER 
saves: 

(12) 

(13) 

• for "Centrals": 1.5 KW (see note 10) x 
650 hr = 1000 kWh. 

• for "window" .6 KW (see note 13) x 
650 hr = 400 kWh. 

An interesting question is what incremental 
heat rate to use for peak power for air con
ditioners. G.as turbines in Calif. average 
18,000 Btu/kWh. With transmission wires we 
round to 20,000. 

Based on an estimated 150,000 new houses 
built annually in California, and from 
SDG&E and SMUD surveys 1971-1976 calculated 
saturations of central air conditioners to 
be 100%. This includes retrofit units, 
since all new houses do not have central air 
conditioners. Source: LBL Data Base UCID 
3847 Table A4. 4. 

Data on the cost of increased room air con
ditioner efficiency can be obtained from two 
sources. RAND fit the costs of air condi
tioners to a log~liriear curve to derive the 
formula: 

Purchase Price .375 x (capacity, 

Btuh)'583 (EER)'549 

(Source: S. H. Dole, "Energy Use & Conser
vation in the Residential Sector: A Re
gional Analysis." The Rand Corporation, 
Santa Monica, Calif., June, 1975. R-1641-
NSF. Page 101.) 

This results in a cost of $0.108 per watt 
saved for an average size (11,200 Btu/hr) 
~nit. Rettberg (see note 6) estimates the 
costs for improving this size unit from EER 
6 to EER 9 at .18/watt. 

We use this more conservative estimate, which 
is similar to the cost increase for more ef
ficient central air conditioners. 

Thus, raising the EER from 6 to 9 reduces 
power use from 1850 watts to 1250: a savings 
of 600 watts at a cost of $65-$110. 

(14) Since consumers are not yet charged extra 
for peak power, or for the extra fuel re- -
quired by peaking power plants, we calculate 
annual savings by multiplying kWh saved by 

9 a ~ 
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$0.036/kWh rather than by MBtu saved times 
$3.27 per MBtu. 

(15) The column labeiled "l012Btu/yr2" gives 
net resource energy savings; the column 
"l09kWh/yr2" gives gross savings of elec
trical energy. 

TABLE 2e-f. 

Commercial Sector Footnotes: 
Tables 2e, .f are the work of Kent Anderson. 

(1) 

(2) 

(3) 

The commercial sector is an extremely hetero
geneous mix of buildings and activities. As 
used here, it comprise~ retail, office, ci
vilian government, and warehouse buildings, 
plus garages, service. stations, hospitals, 
schools, and "'non-residential housekeeping" 
units (hotels and motels). Because of its 
heterogeneity, there is no such thing as a 
"typical" commercial building; consequently 
most studies of the conservation potential 
for the sector are for specific buildings, 
which may or may not be representative. 

Electricity consumption in California's com
mercial sector in 1975 was 49,255 million kWh 
(see page 30 of ref. 1 of this tabl~, about 
30% of the state total. Natural gas consump
tion was 243 billion ft3, (almost exactly 
100 ft3 = 1 Therm per square foot of com
mercial floor space), cost 15% of the total 
state gas use. The average cost of energy 
to the commercial sector is about 3¢/kWh and 
19¢/therm. 

Lighting.is the largest single use of electri
city in the commercial sector. It consumes 
about 10 kWh/ft2/year (Table ref. 2, p. 196). 
Since commercial buildings are usually occu
pied about 3000 hours per year, this implies 
an average lighting level of 3.3 W/ft2. This 
level may vary by a factor of 5 from one sit
uation to another. Reductions i.n the light
ing load will also reduce the cooling load, 
and inc.re~se the heating load, but since the 
cooling load is the second largest consumer 
of electricity and since the heating load can 
always. be met more cheaply and efficiently in 
other ways than by using electric lighting 
for heat, the reduction in the cooling load 
always dominates. 

Savings from reductions in the lighting load 
have been calculated only from the direct 
energy savings, and do not include the addi
tional savings from reduced cooling loads. 

Delamping is simply the removal of fluores
cent tubes or incandescent bulbs. Since 
most commercial lighting is fluorescent, the 
calculation will use that source. 

Assume lighting is by rows of fixtures, each 
of which contains two 48-inch, 40 watt tubes, 
and that the delamping method chosen is the 
removal of the tubes from every third fixture. 
(Removal of tubes from two-tube fixtures is 



(4) 

generally an all-or-nothing proposition, be
cause the tubes are wb:e.d in series,) Ex
perience at LBL indicat.es that one man, paid 
about $50 per day including benefits, can 
remove tubes from 75 fixtures per day. Power 
consumption before delamping is about 95W per 
fixture. After delamping, the ballasts in 
the empty fixtures still draw about 5W (35 
volt-amps). Delamping also reduces the power 
factor; the extent of the reduction depends 
on the extent of delamping and the fraction 
of electrical consumption lighting constitutes. 
If the power factor drops below 0.90 and the 
utility detects the reduction, the rate charged 
for electricity may rise. 

Cost: 3.3W 
--X 

ft
2 

fixture 
95W 75 fixtures 

day 
X 

x ~ x l of fixtures 
day 3 

$o.oo8/ft
2

• 

Energy savings: (95-5)W X 

fixture 
fixture 3.3W x--

95W ft2 

X 
3000 hr. 

year 
x l of fixtures 

3 

2 3.2 kWh/ft /yr. 

Total units: potentially the entire commer
cial sector, 2500 million ft2 (Table ref. 2, 
p. 196). 

Pesk power savings: 90 1 
95 X 3 

3.3W 
X--

ft2 

x 2500M ft2 2610 MW 

Using the same assumptions as in footnote 3, 
we will also disconnect the ballast, to keep 
the power factor constant and to eliminate 
the small energy consumption of the unused 
ballast. 

We will assume that a more skilled worker, 
paid $75 per day including benefits, can 
remove the tubes and disconnect the ballast 
in 4 fixtures per hour for seven hours a day. 

3.3W day Cost: --X 

ft 2 
fixture 

95W X 2'8 fixtures 

x 121 x l of fixtures 
day 3 

$0.031/ft
2

• 

Savings: 3.3W 3000 hr. 1 

ft2 X X 3 yr. 

2 3. 3 kWh/ft /yr. 

Pesk power savings: 3.3W 1 2500M ft2 

ft
2 X 3 X 

2750 MW 
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(5) 

(6) 

(Table 2e-f) 

"Phantom tubes" are tubes that· replace fluo
rescent lamps with a ~f capacitor. They · 
thus allow the remaining real tube in a 
2_;tube fixture to operate, and they keep the 
power factor of the fixture at 0.92. Thus 
they offer the possibility of reducing light
ing levels and energy consumption while 
retaining relatively even lighting and keep
ing the power factor constant. They can also 
be installed by unskilled workers, and do not 
involve a relatively hard-to-reverse process 
like disconnection of the ballast. 

The cost of a 48~inch Phantom Tube varys from 
about $5.50 to $7.00, depending on quantity 
ordered. Both the energy consumption and the 
light output are reduced by about 70% per tube 
pair, so by putting a Phantom Tube in every 
other fixture we will achieve the same light
ing level as in the two previous examples. 

Cost: labor: 

material: 

3.3W 
ft2 X 

$50 
X day X 

3.3W 
ft2 X 

fixture 
95W 

x day 
70 fixtures 

t = $o.oo87/ft2• 

fixture 
95W X 

$7.00 
fixture 

1 x- = 
2 $0.12/ft2 

Savings: 3.3W 
ft2 X 

o. 70 X 
3000 hr. 

yr. 
1 

X 2 

3.5 kWh/ft2/yr. 

Pesk power savings: 0.7 
-2- X 

3.3W 
ft2 X 

2890 MW 

2500M ft2 

From previous steps, lighting levels in work-2 ing areas have been reduced to about 2.2 W/ft 
Use of daylighting requires the ability to 
switch off lights in daylit areas. This may 
require some rewiring and a new switch. The 
best switch for this purpose is a 4-hour time 
switch, which allows one to dial a morning~s 
or afternoon's lighting on a dark day. Such 
a switch costs about $6.00. 

The average office size is about 100 ft2 • 

Cost: labor: $20 
hr. 

3 hr. 
X --- X office 

office 

100 ft 2 

$60/office 

materials: switch: $6/office. (There 
may also be conduit, wire, switch box, etc.) 

Savings: Use daylighting 1/2 of time office 
is occupied. 

2.2W 3000 hr. 
ft2 x yr. 

X 0.5 2 
3.3 kWh/ft /yr. 

\ .. 



(7) 

(8) 
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Total units: 20% of the floor space of office 
and government buildings can probably be day
lit (Table ref. 3, ·p. 320) •. From Table ref. 1, 
p. 30, the office and government floor space 
in California is 1100 million square feet. 

Note that the costs, savings, and apfilicabil
ity of daylighting given here are very con
servative. Many outer offices. already have 
switches, in which case the cost of implemen
tation of daylighting is nothing. Also, in 
California's sunny climate, day lighting can 
pr9bably be used much more than half of the 
time. 

Also note that the use of timed switches may 
save additional energy by preventing office 
ligh~s from being left on at night and on 
weekends. 

Peak power savings: 2 •2W l 220M ft2 
ft2 X 2 X 

242 MW 

Lights are probably left on at night and on 
weekends enough so that a 10% reduction in 
energy consumption could be achieved by hav
ing after-hours personnel turn off lights or 
by installing equipment for automatic shut
off. If security or maintenance procedures 
are such that after-hours personnel can be 

·given the task of shutting off the lights, 
this conservation measure can be implemented 
at no additional cost. 

Savings: 2.2W 
ft2 X 

3000 hr. 
yr. 

0.66 kWh/ft2/yr. 

X 0.10 

Cost: 7-day-clocks can be purchased for 
about $100. If such a clock controls 10,000 
ft2, the cost of the measure would be about 
$0.01/ft2. 

Timed switches: If timed switches replace 2 ordinary switches in offices averaging 100 ft , 
the cost would be $6 for the switch plus the 
installation cost. Let us assume that in
stallation takes 20 minutes, at $15/hr., or 
$5. 

Total cost: 2 $11, or $.11/ft • 

This measure has its effects off-peak, so 
there are no peak power savings. 

When replacing fluo·rescent tubes, one has the 
option of using lower-wattage tubes, which 
consume slightly less electricity and output 
slightly less light. The decrease in light
ing level is not likely to be noticeable. 
For example·, by replacing standard 48-inch, 
40 Watt tubes with 35 Watt tubes, light out
put drops from 3150 to 2850 lumens. 

Cost: GE's ordinary 48-inch 40 Watt tube 
(F40/CW) has a suggested list price of $1.67, 

9 a 7 
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while the 35 Watt tube (F40/CW/WS) is $2.02. 
Commercial discounts average about 40%, so 
the effective prices are $1.00 and $1.21 re
spectively. The energy savings are nearly 
proportional to the wattages. 

Cost: fixture density 3.3W 
=--X 

ft
2 

fixture 
95W 

0.0347 fixtures/ft 2 

From previous measures, we have removed 1/3 
of tubes. 

0.0347 fixtures 2 bulbs 
ft2 x fixture 

X ~ $0.01/ft
2 

$0.21 
X bulb 

lOW 
Savings: ·~e x 

0.0347 fixtures 

ft2 
2 

X 3 

X 
3000 hr. 

yr. 
2 $0.69 kWh/ft /yr. 

Peak power savings: lOW 
fixture X 

0.034 7 fixtures 

ft2 

2500M ft 2 2 
X 3 X 

= 578 MW 

Office lighting usually provides an entire 
area with lighting levels adequate for the 
most light-intensive task. More efficient 
use of. lighting energy can be achieved by 
tailoring the lighting to the tasks. In 
offices, this can often be accomplished with 
desk lamps, which provide light where it is 
most needed, while a lower, background level 
of lighting provides.for safety and non-light
intensive activities. 

Let us suppose that we reduce backgro~d 
lighting levels in offices to 1.0 W/ft , and 
provide· desk lamps with two 15 Watt fluores
cent tubes. Such a lamp costs about $25 and 
consumes about 40 Watts. In an average office 
there is about one person per 100 square feet. 
From previous measures, we have reduced the 
average lighting level to about 2.0 W/ft2, 
and the average use of lighting to about 2700 
hrs./yr. (by using daylighting 1/2 of the 
time in 20% of the office space). 

Cost: materials: ~X person 
person 

100 ft2 

$0.25/ft2 

labor: delamPing to 1.0 W/ft2: 

about $0.01/ft
2 

Savings: from reduction in background level: 

(2.0 - l.O)W 
2 

ft ' 
X 

2700 hr. 
yr. 
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less energy cost to run desk lamps: 

40W X ~ X 2700 hr. 
lamp 100 ft 2 yr. 

1.1 kWh/ft2/yr. 

Net annual savings: 2 1.6 kWh/ft /yr. 

Tptal units: assume half of employees 
classed as "finance, insurance, and real 
estate" and "governmel).t" could use task 
lighting. From California Statistical 
Abstract, 1975, Table C-4, this is about 
1,050,000 persons. 

1,050,000 persons 

Peak power savings: 

100 ft2 
X person 105M ft 2 

(LOW (background) 
ft

2 

0 •4W (desk lamp)) 
- ft 2 

x 105M ft 2 63 MW 

80% of California's commercial buildings use 
electric air conditioners for cooling; the 
remainder use absorption chillers powered by 
fossil fuels (Table ref. 2, p. 196). For 
the purpose of this table, we shall ignore 
the non-electric systems. 

Electric air conditioning is a major user of 
electricity in California. It represents not 
only a large amount of energy (being second 
only to lighting in electrical energy con
sumed by this sector), but it is also entire
ly's peak power user, and as such it contri
butes directly to generating capacity require
ments. 

2 
Cooling consumes between 2.3 and 6.5 kWh/ft /yr 
(Table ref. 1, appendix C3, and Table ref. 2, 
page 196). In the absence of an acce~ted 
average value, we will use 3.5 kWh/ft /yr as 
typical. Efficiency of cooling machinery 
varies by more than a factor of 2. For an 
average coefficient of performance (COP = 
BTU's removed/BTU's consumed= EER/3.413), 
we will use 3.5, which is probably higher 
than the average for existing buildings. 

(11) It is generally agreed that comfort can be 
maintained at higher temperatures and rela
tive humidity than those that prevailed 
several years ago. By changing the control 
settings from 72°F and 50% relative humidity 
to 78°F and 60% relative humidity, energy 
savings of 10-15% should result. We will 
assume that, for the most part, this has 
already been done, so that cooling energy 
requirements for the state have been reduced 
by 0.35 kWh/ft2/yr to 3.15 kWh/ft2/yr. 

There are probably no peak savings from this 
measure, since, when the peak occurs, temper-

24 

(Table 2e- f) 

atures are at their highest, so that the cool
ing system will be operating regardless. of 
this modest change in thermostat setting. 

(12) Cooling systems in commercial buildings .are 
presently designed to mix about 15 cubic feet 
of fresh air per minute per occupant with warm 
interior air before cooling the mixture. The 
outside air is added in order to control odors, 
maintain physiological requirements, and avoid 
"staleness" in the ·air. Recent studies, how
ever, indicate that 15 CFM per occupant is 
much mare outside air than is necessary for 
these purposes. (See Table Ref. 4.) New ASHRAE 
standards suggest 5 CFM per person for most 
commercial buildings. 

Reductions in the fresh air req~irements for 
cooling systems will have their largest impact 
on peak power demand. For buildings in which 
the air conditioning systems have economizer 
cycles (which use outside air in varying 
amounts depending on its enthalphy value), 
such reductions will also save a small amount 
of energy. For other buildings, with fixed 
fresh-air requirements, reductions in the out
side air flow should be made only when the 
outside air temperature is above the thermo
stat setting. This can be 'accomplished simply 
by having maintenance personnel reduce the 
fresh air intake when it is hot outside. 

The following cost and savings calculations 
are for buildings with economizer cycles. 

Cost: Service call to adjust fresh air in
take louvers: $100. Assume building has 
100 employees: $1/person. 

x 1.2 (enthalpy factor) 

38880 BTU 
person-yr. 

kWh 1 38880 BTU 
person-yr. X 3413 BTU X 3.5 (COP) 

3.25 kWh/person 

Peak power savings: We assume a peak outdoor 
temperature of 105°F, indoor temperature of 
75°F. Peak power saved = 

1.08 BTU x 30 deg. x 7.5 CFM x 1.2 
CFM deg-hr. person 

kW 1 
x 3413 BTU·h-1 x 3.5 (COP) x 1M persons 

24 MW 

Return on investment: Commercial users pay 
demarid charges of about $10 per year per 
peak kilowatt. This measure saves about 
24 Watts per person, equivalent to about 
$ .24/person/year in demand charges. At 
an implementation cost of $1/person, the 
return on investment is 24%. 
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Total energy saved: 3.25 kWh/person x 1M 
persons_ 3.25M kWh/yr. 

This.would be the savings if all buildings 
had economizer cycles. Since they don't, 
and stnce we have no estimate of the fraction 
of commercial buildings that do, we will not 
include this savings in the totals. 

(13) By reducing the amount of sunlight that comes 
into the building one can reduce the amount 
of energy needed to cool the building, (Of 
course, in doing so, one may slightly reduce 
the potential for office daylighting.) Two 
retrofit strategies are available. 1) shade 
the windows with awnings or overhangs, or 
2) apply a reflective surface to the window. 
A number of reflective surfaces are available, 
at installed costs of $1.50-2.00 per square 
foot of window. These coatings reduce the 
shading coefficient of the window (the frac
tion of heat transmitted) from about 0.87 for 
clear single-pane glass to between 0.14 and 
0.31. For an ·average, we shall use 0,24 as 
the shading coefficient after application of 
the reflective coating. 

From Tables 3 and 4 in chapter 28 of the 
ASHRAE Handbook of Fundamentals, 1967, we 
have computed the solar heat gain during 
working hours per square foot average over 
window directions other than north. (The 
solar heat gain through north-facing windows 
is generally not large enough to warrant ap
pl'ication of a reflective surface.) This 
gives us a value of about 830-840 BTU/ft2 of 
non-north window/day for the months from 
March through October, which roughly corre
spond to the cooling season for California, . 
Assuming that this load ·must be removed five 
days a week for these 39 weeks, we get a 
seasonal cooling load of about 163,000 BTU 
per square foot of window. This is incurred 
with a shading coefficient of 0.87. By re
ducing the shading coefficient to 0.24 we 
reduce the cooling load by (1 - 24/87) 
(163,000 BTU/ft2/yr.) =· 118,000 BTU/ft2/yr. 
With a COP of 3.5 applying a reflective sur
face will save about 10 kWh per square foot 
of window per year. 

According to FEA Conservation Paper 43B 
(The A.D. Little Assessment ·of Ashrae Stan
dard 90-75), the ratio of window-to-floor 
area in 1976 commercial construction was 
11% - we assume 10% for existing stock, So 
California has 250 M ft2 of window. We 
assume 1/5 faces nearly north and will not 
be made reflective. Of the remaining 200 M 
ft2, we assume one half already shaded, leav
ing a potential of 100 M ft2. 

Peak power: 830 BTU/ft2 in an 8 hour day is 
-2 -1 a thermal load of 100 BTU ft hr , reducible 

by (1- 24/87) = .72 by shading. At a COP of 
3.5 ·we can then s'ave 6.0 watt/ft2 by shading. 

·Again. we assume 100M ft2 of-potential window. 

(14) These totals do not include several other con
servation measures that have narrower applica-

"· '1 
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(15) 

(16) 

(17) 

(18) 

a a 
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bility or lower average profitability. Among 
these are shutting off cooling equipment .dur
ing unoccupied hours (always highly profitable, 
but probably mostly done); ·use of economizer 
cycles, which mix variable amounts ·of outside 
air with recirculated 4nside air, depending on 
outside conditions (widely varying profitabil
ity; no estimate available of size of market); 
cleaning and .descaling the condenser tubes of 
cooling systems; use of computerized environ
mental control· systems; anq conservation mea
sures that appiy to electricaily-heated hot 
water systems, 

California's commercial buildings are heated 
almost entirely by natural gas, The average 
heating load varys considerably from place to 
place in the state. Values from.l6,000 BTU/ft2/yr 
to 100,000 BTU/ft2/yr have been f_ound. We will 
use 70,000 BTU/ft2/yr as representative •. 

Reduc-ing thermostat settings from 72°F to 68°F 
is easily the most profitable arid most signifi
cant measure for reducing the heating costs of 
the commercial sector, In California's climate 
this should result in a savings of at least 5% 
per degree of setback. We will assume (probably 
very generously) that this measure has already 
been almost fully implemented, so that heating 
expense's have been. reduced by 20% to 56,000 
BTU/ft2/yr, 

Reducing thermostat settings at night and on 
weekends can save large amounts of energy with 
very little cost. More than two~thirds of the 
heating. load occurs during the period when most 
commercial buildings are unoccupied. Up to a 
point, the greater the thermostat set-back, 
the greater the heating savings. Commercial 
buildings can be set back to 50°F during un
occupied hours with no damage to contents 
except certain tropical plants. The only pro
cedural change required is to turn up the 
thermostat early enough in the morning. 

Cost: a seven-day clock thermostat can be 
bought for about $100. If this is installed 
in a building of 10,000 ft2 the cost will be 
about $0.01/ft2, (If this measure is imple~ 
mented by having maintenance personnel adjust 
the thermostat, the cost should be zero.) 

Savings: Experiments and computer simulations 
at LBL indicate that savings of at least 10-12% 
of heating energy should be attainable with 
setbacks to 50°F. 

56,000 BTU 

ft 2-yr 
X 0.10 5,600 BTU/ft2/yr 

Total units: While most of the commercial 
sector probably uses some milder setback pro
cedure, we will assume that these savings 
from deeper setbacks still apply to the whole 
sector. 

Energy can be saved by reducing the amount of 
outside air mixed with recirculated air. (See 
footnote 12.) This measure is identical to 
that discussed under the cooling section, but 



it has its benefits in a different area. The 
implementation cost of this measure should be 
nothing if the •adjustment in the fresh air 
louvers has ·already been done. If not, it will 
be the same as for. the cooling section: about 
$1 per person, or less than 1¢ per square foot. 

1.08 BTU 30,000 deg-hr. 
Savings: CFM deg-hr.x yr. 

X 
7.5 CFM 
person 243,000 BTU/person/yr. 

243,000 BTU x person = 
person-yr. 150 ft2 

1600 BTU/ft2/yr. 

(19) Hot water heating and delivery systems probably 
vary enormously from building to building in 
the commercial sector. In order to estimate 
the costs and savings in hot water heating, we 
must make a host of assumptions. In doing so, 
we will follow ECM-1 (Table ref. 5, vol. 1) 
pp. 142-148. 

We are considering "domestic hot water," which 
is water for washing hands and faces. This 
does not include water for dishwashing or pro
cessing. We will assume that 2.5 gallons ·of 
hot water are required per person per day, and 
that water is supplied at 60"F to a gas-fired 
heater which is 75% efficient. Hot water is 
stored in a 100-gallon tank which. has one inch 
of fiberglass insulation. Let the system's 
original setting be to provide 155"F water 
from the heater, and 135"F at the tap. At 
such a setting, about 8,000,000 BTU per year 
will be lost from the tank. This system can 
supply hot water for at least 100 persons. 

Original energy cost: 

2.5 gal 
day occupant X 

250 days occupied 
yr. 

625 gal/occupant/yr. 

62S l 8.3 lb. H20 
~;;;......o&;o;;;a"" X ( 155-60) °F X -----,::-:::-::,.::.__ 
occ.-yr. gal H20 

493,000 BTU/occ./yr. 

Losses from storage: 8,000,000 BTU/yr. 
100 occupants 

80,000 BTU/occ./yr. 

Total energy for heating and losses = 
573,000 BTU/occ./yr. 

o. 75 

764,000 BTU 
occ.-yr. 

Now let us adjust the thermostat to llO"F at 
the heater, producing 95"F water at the· tap. 
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Losses from storage will now drop to 4,000,000 
BTU/yr. We will assume that this adjustment 
doesn't change the amount of hot water used; 
that is, people turn on the hot tap and, if 
the water is too hot for washing, they add 
cold water to reach the appropriate tempera'" . 
ture, rather than reducing the hot water flow 
as they add cold water. Further, hand and 
face-washing is assumed to be time-dependent 
rather than water-volume dependent. 

Energy cost after adjustment: 

625 gal • 8.3 lb. H20 
occ.-yr. x (110-60) F x gal H20 

BTU 259,000 BTU/occ./yr. X 

Losses from storage: 4,000,000 BTU/yr. 
100 occupants 

40,000 BTU/occ./yr. 

Total energy for heating and losses = 
299,000 BTU/occ./yr. 

0.75 

399,000 BTU/occ./yr. 

Savings: (764,000 - 399,000) BTU/occ./yr. 

= 365,000 BTU/occ./yr. 

Total units: We will assume employment in 
the commercial sector is approximated by the 
sum of the trade, finance, insurance, and 
real estate, services, and government cate
gories. From Table C-4 of the 1975 
California Statistical Abstract, this sum is 
about 5.5 million persons. 

(20) Air spray nozzles can reduce the amount of 
hot water used by reducing the flow and mak
ing the reduced flow seem larger. Air spray 
nozzles can be purchased for about $3, and 
can reduce the flow by half. If we assume 
that this cuts the average use of hot water· 
by half, the energy consumption after imple
mentation of this measure is: 

129,000 + 40,000 BTU/occ./yr. 
0.75 

225,000 BTU/occ./yr. 

Savings: (339,000 - 225,000) BTU/occ./yr. 

174,000 BTU/occ./yr. 

Total units: From Appendix C of the Uniform 
Plumbing Code, we estimate that there is at 
least one hot water faucet for every 25 em
ployees in the commercial sector •. 

(21) By adding two inches of fiberglass insulation 
to our storage tank, we can reduce storage 
losses by about 50%, to 20,000 BTU/occupant/year. 
This should cost no more than $10, or about 
10¢ per occupant. 

\. 
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(.1) Costs and energy savings assodated. wHh conservation measures in the i ndustdal 
and commercial sectors are extremely dependent ·upon the characteristics of the 
particular installation. Development of average numbers is thus extremely 
dHficult, and can be mhleading. Nevertheless, for poncy purposes H is useful 
to have some indication of the potential impact of conservation programs in these 
areas. The numbers appearing in the tables are representative of reasonable cases. 
The data have been checked with a variety of sources. The numbers should not be 
used for specific situations, which must be analyzed individually. 

(2) This column is based on $2/MBtu fuel cost. 

200 -
Col. 3a- Col. 3b 

(3) Estimated cost of Orsat test equipment for fiue gas analysis is $500. (C.A. Berg) 

(4) It is not uncommon for excess air to be greater than 30% in furnaces and boilers 
when the flue gas is not checked. Figure 1, shows that a reduction of excess 
air from 35% to 10% for natural gas combustion with stack gas temperatures of 
8QQOF, will produce fuel savings of15%. Given a 100,000 pound of steam/hr. boiler 
x 1000 Btu/lb. x 7200 hours/yr. x.BU efficiency, we get 900,000 MBtu/yr. fuel require
ments. At the 5% savings, this is 45,000 MBtu/yr. savings. 

(5) Estimated cost of on-line burner control varies from $10,000 (C.A. Berg), to 
$30,000 (NBS Handbook 115, Energy Conservation P·rogram Guide for Industry and 
Conmierce). 

(6) Berg, C.A. "Conservation in Industry", Science , 19 April 74, gives a range of 
5% to 30% fuel savings. The Federal Power Commission Task Force Report, "Practices 
and Standards Opportunities for Energy Conservation" December 1973, Pg. 209. cHes 
10% fuel savings. Using the 10% in the calculation in footnote (4) gives 90,000 
MBtu/yr. for one unH. The control systems are able to handle multiple boilers 
which would improve the overall cost-effectiveness of this option . 

(7) Assumed to require 2 man-days at $25/hr. plus materials for a total cost of $600. 

(8) 

(9) 

Berg, C.A., in an unpublished paper, estimates the savings from patching a one
squa.re-foot hole (near a flame at 2500°F) is 130,000 Btu/hr. At 7200 hr/yr. this 
is 940 MBtu/yr. 

We estimate 2 man~days at $25/hr. pius materials for a total cost of $500. 



( 10) 

(11) 

28 

Using Figure 2 for steam in the range 100-600 PSI, and a 1/8 inch diameter hole,. 
the range of losses is 540 to 3000 MBtu/yr. 

Calculated from Lee Saylor, Inc. Current Construction Costs, 1976, for a 2" 
diameter pipe with 3" of insulation. 

.(Taj>le_,Zg/3a), · 

(12) Using Figure 3, the losses for 600 PSI steam and a 2" bare pipe are 11 MBtu/yr./ft. 
Assuming 3" of insulation reduces losses of 90%, the annual savings is about 
lOMBtu/foot. 

(13) We estimate 1 to 2 man-hours at $25/hr to patch a 1 foot long crack. 

(14) Berg, C.A., in an unpublished paper, estimates that for 2500°F and .1" of water pressure 
difference in the furnace, a one foot long by .01" side crack causes infiltration 
losses of .025 MBtu/day. At 7200 hr./yr. utilization the annual losses are 
7.5 MBtu. 

(15) Berg, C.A., "Conservation in Industry", Science, 19 April 1974. Savings of 12% 
have been shown in Southern California Gas Co. Conservation inspections. 
Figures 4 and 5 of these footnotes give additional ranges of fuel savings for pre-
heating combustion air. · 

TABLE 3a. 

(1) 

(2) 

(3) 

(4) 

Assumes a peak ambient temperature of lOO"F, 
and interior temperature of 80"F; instan
taneous heat transfer through windows = UAT 
= (1.02 - .55) x (100 - 80) = 9.4 lltu/ft2/hr. 
EER of air conditioner is assumed to be 7.5, 
somewhat better than average but below 1979 
California minimum efficiency standards. 

This·assumes we divide the cost by the savings 
on cooling power only; the investment also 
provides a substantial saving in heating 
energy. 

Assumes one south plus one west window shaded 
on half of the 106 presently centrally air
conditioned units. Window dimension assumed: 
4 1 

X 6 1
; 

A south window at noon in August admits ~ 100 
Btu ft-2 hr-1, which must be pumped out 
during the next few hours. As this heat load 
decreases, the west window increases so as 
to just about keep the load constant. (Aver
age heat transmitted through a west window 
from noon to 6 pm daylight-savings time is 
about 150 Btu ft-1 hr-2 on a clear day). 
We assume that 100 Btu ft-1 hr-2 is removed 
by an air conditioner with EER of 7.S; so 
the electric load is 13.3 watts/ft2, Shad
ing saves about 75 pet. of this load, i.e., 
saves about 10 W/ft2, A square foot of 
film or roller shade made of "Scotchtint" 
or equivalent costs about $1 installed, so 
costs 10¢/watt saved. External shading 
is more expensive, up to $S/ft2, 

The annual energy saving per ft 2 is ~ 10 W 
x 10 hr x 100 days· = 10 kWh. At 3.S¢/kWh, 

(5) 

(6) 

(7) 

electric energy savings is 3S¢, i.e., a 3S% 
return on investment. 

LBL Data Base, UCID-3874, 1976. 

This. calculation applies to centrally air 
conditioned houses with no insulation. 
Such cases are rare. On a lOO"F day, an 
attic will heat to 135--140" (see Wolferc 
and Hinrichs, "Fundamentals of Attic Ven
tilation" HC Products, Box 68, Princeville, 
Ill., 615S9). Assume that the ceiling 
below the attic rises to as•. This still 
leaves a AT of SO" between the attic and the 
cooled space. If uninsulated, the ceiling 
will have an R-value of R~2, so will trans
mit 2S Btu h-1 ft-2. lSOO ft2 of ceiling 
then represents a load of 36,000 Btu h-1 
ft-2 or 3 tons. This additional load will 
saturate most air conditioners, (so the 
house temperature will rise), but we can 
estimate conservatively that the· extra load 
is 1 ton, which could be mainly eliminated 
with R-19 insulation. At an EER of 7.5, 1 
ton of cooling requires 1.6 KW. 

This calculation is the same as for the un
insulated attic of note 6, except that with 
2 inches (R-6) of insulation, the AT of SO" 
transmits 6 1/4 Btu h'-1 ft-2, For l500 ft2 
of ceiling this is 937S Btu h-1 , or 12SO Watts 
at EER 7.S. Adding R-19 insulation brings the 
total ther~al resistance to R-27, reducing 
heat flow to 2775 Btu h-1, or 375 Watts. 
Power saving is 87S Watts, 

,, 

\ 
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TABLE 3b. 

(1) Peak Power is defined here as the average 
peak day power usage. betwe.en noon, and 6 p.m. 
for summer and between 4 p.m •. and 8 p.m. for 
winter. 

(2) LBL Data Base, UCID 3847 (Draft, 1976); 550 
Watts is the average power demand· for the 
hours 12-6 p.m. 

(3) Assumes Solar Water Heating System will cost 
about $1000 and will provide 2/3 of the 
energy and peak power required.· 

(4) Summer Peak Power use is estimated by 
assuming that the 1200 kWhr/yr o~ cooking 
energy use is distributed over 6 hours per 
day, of which 3 are in the peak. However, 
during the summer peak day, cooking is 
probably postponed or reduced due to the 
heat. 

(5) See footnote 13 of Table 2d. 

(6) Average power from LBL Data Base (UCID-3847) 
for 4-8 p.m. 

{7) 250 Watts is the diversified demand over a 
typical summer Monday (1 million dryers 
would have an instantaneous demand of 250 
MW). However, on the summer peak day, 
dryer use is probably much lower. 

TABLE 4. 

9 8 (" 
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(8) Winter peak demand is 210 W for a Monday 
according to the PG & E "Residential Elec
tric Laundry Dryer Load Research Project," 
1965, and LBL Data Base UCID-3847. The 
winter peak demand is lower than the summer 
peak because the winter utility peak occurs 
during the evening whe,n ·dryer use is low. 

(9) See footnotes 10 and 11 of Table 2d. 

(10) Based .on testimony to ERCDG by the Trane 
Company, May 20, 1976, for the cost of 3-ton 
units of different EER 1s: 18¢ will save 1 
watt on the average. 

(11) Based on a 38% savings on average new re
frigerator usage of 1600 kWh/yr = 180 watts 
average. See footnotes (10) and (11) of 
Table 2d. According to UCID-3847, peak 
power is 15% more than average, i.e., peak 
power use is about 205 watts for new re
frigerators; thus 38% savings is 78 watts 
peak. 

(12) See footnote 3 of Table 2d. 

(13) See footnote 2 of LBL-5910, Goldstein and 
Rosenfeld, "Energy Conservation in Home 
Appliances Through Comparison Shopping: 
Facts and Fact Sheets" in this volume. 

(a) Return on investment based on a heat rate of 11,000 Btu/kWh and the 
following prices. 

1 Gas, 

• Electricity, 

1 Electricity, 

$2/MBtu. Note that this has been raised since we wrote 
Tables 2, which assume $1.50 MBtu. 

residential, 3.6¢/kWh 

commercial, 3¢/kWh 

$3.27/MBtu 

$2~70/MBtu 

(b) We exclude the cost of items already counted in Tables 2b, d, or e as 
justified to save energy . 

(c) These costs/savings are SQ small because costs exclude options which save 
peak power but are justified as energy savers in Tables 2; see footnote (b). 

(d) Based on 10 years' sales of more efficient appliances. 

(e) Biennial Report, California Energy Resources Conservation and.Development 
Commission, 1g77. 

Tables II-2 and 11-3. Note that ERCDC Tables are expected savings; 
ours are potentials. Also note that a1though the utility-projected 
1985 peak demand is 23,000 MWhigher than the 1975 peak, they are 
not planning to construct this much new capacity, due to existing 
excess capacity.. 
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(f) To estimate the potential decrease in annual growth rate for any option, 
divide these 10-year percentage entries by roughly 10 (see text). 

We list here the 1975 sector consumptions used to calculate tabulated 
fractions. Total gas and electric sales are reported by utilities, but 
apportioning to sectors requires judgment. To illustrate uncertainty, 
we list two sources for gas, and two for electricity. 

"Rand" Col. is from Ahern, Doctor, et al. R-1973-CSA/RF 
Table 2.4, 

"Our Est." for gas is from our Tables la and 2f. 

"ERCDC" is from the 1976 Biennial Report of the California Energy Commission 
Table II-11. 

NATURAL GAs uoJ2 BTuJYEAR> 

REsiDENTIAL 

f.cM.1ERc IAL 

INDUSTRIAL 

TOTAL GAS 

ElECTRICITY Cm9 K\'b.i) 
RESIDENTIAL 

f.cM.1ERc IAL 

INDUSTRIAL 

OTHER 

<TOTAL SALEs> 
J2% TRANSMISSION LOSSES 

TOTAL ElECTRIC 

El.ECTR 1 c SALEs Cof.NERTED TO RESOURCE ENERGY 

PRID 
(1975) 

:fl6 
243 
686 

1495 

!WID. 

45 
52 
41 
5 

143 
v 

100 

OOR EST. 

675 
245 

1665 

L() 

41 
38 
12 

151 

AT 1LOOJ Bru/J<It.H~ (IN J.Ol2 BTu) 1573 1664 

PEAK pa.JER IS COVERED IN NOTE (G). 

(g) Statewide Peak Power 

We lack data on statewide peak .power demand disagreggated into the 
residential and commercial sectors.· However, for PG&E alone, (l/3 of 
state power) we have such data (from UCID 3847, p. 6). 

(Table 4) 

• ,, 



v 
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Table (g) Peak Demand in Gw: 1 Gw = 109 watts. These data 

PG & E Cal if. 
1972 1975 

(Actual) Est'd 

Residential 3 9 
Commercial 3 9 
Industry 2 6 
Agriculture 1 3 
Losses Resale 1.5 3 

Total 10.5 30 

are tabulated in the first column of Table (g) of this footnote. They 
are for PG & E's 1972 peak. In Column 2, we have arbitrarily taken the 
1975 statewide peak capacity and apportioned it proportionally to Column 1. 

(Table 4) 

(h) Estimate of the energy savings potential in new buildings is taken from 

( i) 

(j) 

R.D. Caughron, E.A. Green, R.N. Thunen, "An Electrical Energy Impact 
Assessment of California Title 24, Building Standards; Energy Conservation 
in New Nonresidential Building Design". Prepared by California Energy 
Commission by Economic Sciences Corporation, 2150 Shattuck Avenue, Berkeley, 
California, May, 1976. 

This study is based on hand-calculational methods which may not be as 
accurate as field data or computer simulations. However, the results 
of this analysis appear to be generally within 20% of those found in 
the A.D.L. study (see note i). 

Increased first cost of new, energy-efficient commercial buildings. See 
"Energy Conservation in New Building Design. An Impact Assessment of 
ASHRAE Standard 90-75" by Arthur D. Little, for FEA. Conservation Paper 43B, 
1976. On pages 7 and 8 we find the surprising conclusion that although 
annual energy savings run up to 60 percent (for office buildings), first 
construction costs decrease by up to 60¢ per sq. foot (also for office 
buildings). In general, the construction savings are small, and we assume 
they are cancelled by additional design expense, so we use zero change in 
first cost. 

As described in the text, we calculate jobs created in two ways: 
(1) We first estimate the number of man- ears produced by the expenditures 

for conservation options. From Hannon Ref. 14 of text), we see that 
the average consumer expenditure in 1971 produced one job per $12,500 
spent, e.g. for appliances, or home insulation. To update this, we· 
correct for inflation from 1971 - 1975 by using the implicit GNP price 

·deflator of 1.36 (from the U.S.· Statistical Abstract, 1976). 

(2) 

Thus Ja =jobs per dollar spent on average purchases is 

1 job ,·. ) 1 1 job (.. ) 
$12,500 1n 1971 X T:"'3D = $17 ,OOQ 1n 1976 

The total number of man-years created is given by: 

(Man-years) = (Capital investment in conservation) x 1 1 ~~~00 
The alternative way is to estimate the number of steady-state jobs produced, 
on the assumption that these jobs are created by consumers re-spending the 
money they save by conservation. We assume that these dollars will be 
spent in an avera9e way, rather than in a capital-intensive fashion 
(on energy supply). 

Thus the net number of jobs created (Jn) is the gross jobs created by the re
spent money (given by (dollars saved ) x J ) minus the jobs lost in energy 
supply (given by the money diverted from eAergy supply x Je, where Je is the 
labor intensity of energy supply) .. The amount of money diverted-from 
energy supply because of a conservation measure is just the money it saves, 
thus Jn = (money saved) x (Ja - ,Je) .. 
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For both electricity and gas supply, we use Hannon's estimate of the labor 
intensity of electricity (inflated to 1976) J , for two reasons. First, 
Hannon does not estimate a labor intensity fo~ natural gas. Second, even if 
such a number were available, correction for inflation would destroy its 
accuracy, due to the sudden, large increase in the price of some supplies 
of gas and the low, regulated price of others. We assume that gas supply 
has about the same labor intensity as electricity supply. 

Hannon estimates Je = 123~~00 (in 1971); adjusting for price increases, one 
gets: 

_ 1 job 
Je- $31,300 (in 1976) 

1 .iob 1 job Thus Jn =(dollars saved) x $l 7,000 - $31 , 300 

= (dollars saved) x l3'~~00 

It should be noted that this method will tend to underestimate the number of 
jobs created, since it aggregates the savings to consumers at average energy 
cost. But aggregate savings will involve marginal costs, which are larger. 
Thus, the number of dollars available to be respent is larger, and the number 
of jobs produced is increased proportionally. 

For ·peak power savings, we note that a reduction in peak demand of one watt 
will save the utility at least 50¢ of investment expense. Dollar savings 
are then equal to (power savings) x $.50/watt. 

Jobs produced by respending this savings on average purchases are given by: 

1 . b 
(power savings) x $.50/watt x $15~000 

From this we must subtract the jobs lost in power plant construction, which 
is given by: (power savings) x $.50/watt x J , where Jec is the labor 
intensity of electric supply construction. ec 

To calculate J , the jobs created per dollar expended on electric power 
construction, w~cuse data supplied by David Pilati from backup documentation 
for: Clark w. Bullard, III and David A. Pilati. "Project Independence 
ConstruCtion Program--Resource Impacts", published in Energy Vol. 1, pps. 
123-131 ; 1976. 

(Table 4) 

This shows one 1971 job created per $25,250 expended on gas turbine construction 
and one job per $27,000 spent on combined cycle plant construction. Either 
of these plants would be suitable for supplying peak power. 

To correct tbese estimates for inflation, we use the "Handy-Whitman Index 
of Public Utility Construction Costs", (compiled and published by Whitman, 
Reauardt, and Associates, Engineers, Baltimore, Maryland) and multiply the 
estimate of dollars per job by their inflation factor of 1.326 for gas 
turbinesto update to the middle of 1975. Our estimates for jobs per dollar 
in electric peak power supply is then one job per $33,500. 

The net number of jobs created by peak power savings is then given by 

) . 1 j_ob 1 jQb _ 
Jn = (power savings x $.50/watt x $17,000 -~ 

1 ob = (power savings) x $.50/watt x 34 ,500 

To correctly count up the jobs pr_odoced by peak power savings, we must be 
sure that we do not "double-count" the results of energy savings. Saving 
energy will, on the average, ential some reduction in peak power; only 

' 
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when we save relatively more peak power than energy can we credit peaking 
saving with the creation of extra jobs. 

To determine the ratio of peak savings expected per average unit of energy 
savings, we look at the capacity factor for the U. S. utility system. 
According to the U. S. Statistical Abstract, the average capacity factor 
for 1967 (the year used for the jobs per dollar estimates) was 51%, or 
4500 kWh/yr per kW. Thus, the average ratio of energy to peak power is 
. 222 MW per l>i 11 ion kWhr per year. 

Our 40.3 bi 11 ion kWh/yr savings wi 11 , thus, be expected to save 8950 Ml·l. 
But our actual peak power savings potential is 12,650 MW; we have saved 
an extra 3600 MW. These extra savings, at 50¢/watt, represent a deferred 
of $1.8 billion in utility investment. 

We arbitrarily assume it is saved over 10 years. Thus, the number of jobs 
created during those ten years is 

Jn = 360 MW/year x $.50/watt x i3i~~OO = 5000 jobs. 

Tables 4/6 

We note that the two methods of estimating jobs (1: man years from investment 
in conservation vs 2: jobs from annual fuel savings) should not agree exactly 
because they are evaluating different effects. However, it is encouraging 
to note that the number of steady state jobs (Method 2) is indeed of the 
same order of magnitude as the number of man-years (Method 1) divided by 
ten years. 

(k) Lee Schipper, "Explaining Energy" LBL 4458/ERG 76-04, Table 7, page 19. 

(1) S. M. Berman, C. Blumstein, et al., "Preliminary Report on the Assessment 
of Energy Conservation Strategies and Measures in Ca 1 i forni a" LBL 
(1976). 

(m) We estimate the. peak power savings implied in the Economic Sciences study 
(ref. h) results by dividing their estimate of energy saved by 3000 hrs 
per year, the typical number of hours a building operates. This is a lower 
bound estimate, since the major electricity uses in the study were lighting, 
cooling and ventilation. At the peak hour which occurs during a hot summer 
afternoon, the lighting load will be at its average level, but cooling and 
ventilating loads will be larger than average. Of course, this estimate 
is subject to the same uncertainties as the study. We do not include a 
California Energy Commission estimate of 1800 MW to be saved by demand 
limiting devices. This 1800 MW is found in Table III - 3 of the 1977 
Biennial Report, but seems to be a change in lifestyle, (warmer offices) 
whereas we include only savings from better efficiency. 

(n) The $450 M investment of Table 2e includes $150 M to shade windows. We 
apportion this as $300 M investment to save energy and $150 M to save 
peak power. 

1. California Public Utilities Commission, 10-year forecast of Gas 
Utilities Requirements and Supplies 1976-1985. CPUC, January 1976, 
Report 5-2249, Page III-3, converted at 1050 Btu/cu. ft. 

2. The CPUC projection includes certain conservation measures. 

3. Utilities projected growth of 2.3% per year in Northern California and 
3.5% per year in Southern California. The amount of conservation 
assumed is unknown. 

4. Use in 1975 and projections are from the Staff Proposed Electricity 
Forecasting and Planning Report, California Energy Resources Conservation 
and Development Commission, Octooer 1976. 

5. The Energy Commission projections include certain conservation measures. 

6. The estimate of 50,000 MW of demand by 1985, overstates somewhat the 
planned growth, since a significant amount of growth in demand can be 
satisfied by existing excess capacity. 
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