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SUMMARY 

The energy supply system for California is an integral part of 

the state's economy, hoth in terms of energy as a commodity and in 

the economic effects of expanding requirements for new capital and man

power in the energy sector. It is this notion of an expanding energy 

system that forms one of the motivations for many of the energy policy 

discussions and formulations currently taking place. Some of the ques

tions to be addressed are: If the energy system is to expand, by how 

much, and in what particular areas of supply? What are the policy 

ramifications of certain changes as opposed to others? What are the 

major economic effects of changes in energy supply system plans? The 

purpose of this study is to 1) describe quantitatively the California 

energy industry and its relationship to the California and U.S. econo

mies, 2) provide the analytic capability for determining the direct 

and indirect employment and income impacts resulting from agiven energy 

future for California, and 3) demonstrate and test the methodology with 

scenarios that embody varying combinations of conventional energy tech

nologies, new energy technologies and energy conservation measures. 

The methodology we have developed is generally applicable to any 

set of specified changes. In this report we select three alternative 

energy futures for California in order to quantify their resulting econ

omic impacts. 

THE PRESENT CALIFORNIA ENERGY INDUSTRY 

The present California energy industry is increasingly dependent 

upon imported energy (both domestic and foreign). The trend over the 

past decade shows a peak in production within California of both crude 

oil and natural gas in the latter part of the 1960's. The production of 

both these fossil fuels has declined since 1968 at annual rates of approxi

mately three and nine percent respectively. Meanwhile, in 1970, the sales 

of electrical energy surpassed the instate production. This differential 

has since grown larger; in 1975 sales exceeded production by almost 14 

percent. 



In relation to the overall Califo1'ni CillY ,:;1';c Inc ent energy 

industry accounts for about 1.4 of non cultural employment, 

and provides about 3.5 percent of the Gross State Product. in 

the California energy industry run about 1 pcrcent hi than for the 

national energy industry, while the work week is about 2 shorter. 

In terms of labor intensity the energy sectors range from 4.7 to 14.3 

employees per million dollars output whereas the med:ian for all indus

tries is 27.5. Because the energy sectors are presently among the lowest 

twenty percent in labor intensi ,large in from these 

sectors are required before significant 

ment are felt. 

in the level of employ-

FUTURE ENERGY SUPPLY SYSTEMS: AN ASSESS~1ENT METI10DOLOCY 

In order to quantify the empI andlncome cts of future 

energy systems,we have developed an energy supply model for California 

and linked it to an input-output (1-0) model of the California economy. 

This energy supply model simulates the construction and ion of 

energy resource extraction, tran 

It calculates capital and operat 

ation, and conversjon facilities. 

rements, incll\d fig materials 

and fuel, for these facilities. The indirect manpower and income effects 

are then estimated by transforming these rements into inputs to the 

I-O model. The 1-0 model represents the economy as a matrix of ,;e', 

and sales among all producing and consuming sectors. lbe interdependence 

among sectors is explicitly accounted for so that the ct of changes 

in the production of any given sector can be traced to all the other sec

tors. Among the impacts calculated by these models are fuel requirements, 

capital and manpower needs for the construction of new energy facilities. 

the indirect manpower required for the supp of construction materials 

and some of the costs and manpower associated with the ion and main-

tenance of these facilities. 

We have developed, in conjunction with the CERCDC staff, three scen-

arios of future energy growth in California as a ion of this 

methodology for comparative impact analysis. While these scenarios are 

not forecasts on our part of future energy supply, do set out three 
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alternative energy futures in order to display their relative impacts. 

The first scenario is based on the electric utilities' schedule for 

adding new generating capacity and on published forecasts of oil and 

gas supply and demand. 

The second scenario differs from the first by emphasizing new elec

tricity supply technologies and a decreased availability of natural gas. 

These new electricity supply technologies include wind turbines, solar

thermal and waste-fired power plants. This scenario also postulates an 

increased emphasis on geothermal energy rather than nuclear fission for 

electricity generation, and the deployment of active solar heating de

vices in residential buildings. 

The third scenario was developed based upon the first scenario, 

with modifications to account for the implementation of the following 

energy conservation measures: 1) delamping in commercial buildings, 2) 

retrofit ceiling insulation in residential buildings, and 3) a program 

for housing construction consisting entirely of passive solar houses. We 

have estimated the energy savings resulting from each of these programs 

and translated these savings into a reduction in the number of new energy 

supply facilities from those required in the first scenario. 

The scenarios required the development of a data base that included 

construction and operational requirements, construction lead times, capi

tal and manpower flows, and other related details. For conventional facil-
/ 

ities, we used the data supplied in the Energy Supply Planning Model de-

veloped by the Bechtel Corporation. Data necessary for both new technol

ogies and for conservation measures were collected as a part of our study. 

Information on the new technologies used in the second scenario was 

derived from the available literature. Data for the conservation measures 

required estimates of energy savings and capacity savings where applicable, 

as well as materials and manpower needs. The delamping program of the 

third scenario involves reducing the lighting level in commercial buildings 

by replacing a portion of the existing fluorescent tubes with nonluminous 

Phantom™ tubes which require no other circuit modifications. At the com

pletion of the five-year delamping program there would be an annual savings 

of 10.S X 10
9 

kwh. 
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For the passive solar housing program, we postulated a change in 

building codes for new residential construction beyond 

tion and glazing requirements. In addition, the ical orientation 

and thermal mass of a building are also designed to maximize solar heat 

gain during the winter and to minimize it during the summer. The addi

tional costs due to extra insulation and double glazing required for 

such housing are nearly offset by the calculated savings in the reduced 

first cost of heating and air conditioning units. We estimate that a 

passive solar house constructed to these standards would have a heating 

and cooling load of 40 percent of that of a house built to present code 

standards. For a typical single familY dwelling (averaging 1450 2) the 

annual savings could amount to 28 X 106 BTU for gas heated homes, or 

4600 kwh for electrically heated homes. The in air conditioning 

energy requirements aTe nearly 1600 kwh per year, which can be translated 

direct ly into on-peak electricity demand periods during the summer. Such 

a housing construction program of approximately 205,000 units per year, 

all built to the new code requirements, would result in incremental annual 

energy and capacity savings of 3.1 X 1012BTU of natural gas, 380 XI0 6kwh of 

electricity, and 280 ]\fWe capacity. By 1991, the yearly savings would 

amount to 47 X 1012 BTU of natural gas, 5.7 X 109 kwh of electricity and 

an accumulated capacity savings of 4200 ]\1\\]e. 

The third conservation measure is retrofit ceiling insulation in 

that portion of the existing housing stock that are insulatable. For gas 

heated houses this would generally mean a change from virtually no insula

tion to R-19 level insulation. For electrically heated houses, this would 

mean upgrading insulation levels from a present average of R-7 to R-19. 

Computer simulations of the thermal integrity of buildings with various 

levels of insulation and under typical thermal loads indicate that there 

could be a 35 percent savings in gas used for space heating in a single 

family dwelling following this retrofit program; the savings in electric

ity consumption would be approximately nine percent in electrically heated 

dwellings. There are comparable savings in air conditioning. If such a 

retrofit program were implemented over the five-year span assumed in this 

study, the annual statewide savings would be nearly 100 X 10
12 

BTU of natu

ralgas and 440 X 106 kwh of electricity at the end of the program. 
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Table I gives estimates of energy savings and capacity reductions 

for the three conservation programs. 

Scenario Analysis 

Several differences emerge from the analysis of direct and indir

ect resource requirements embodied in each scenario. First, the overall 

rate of increase in primary energy demand over the next twenty years 

changes from scenario to scenario. For the first scenario the annual 

increase is 2.6 percent. Most of this increase is contained in a con

tinued growth of the demand for oil, and an increased emphasis on nuclear 

fission for electricity generation. The second scenario has the lowest 

annual growth rate, at 2.0 percent. Although demand for oil here also 

increases until the mid-1980's, gas availability is seen to decline with 

some, but not all, of this decrease accounted for by active solar heating 

of residential buildings. A second major change between the first and 

second scenarios is the assumption that there will be no new nuclear gen

erating capacity beyond that presently under construction. In its place, 

we postulate an increased emphasis on geothermal power for electrical gen

eration. In terms of cumulative resource use, the consumption of nonre

newable resources (natural gas, coal, oil, uranium and geothermal heat) 

is 11 percent lower in the second scenario as compared to the first. The 

major differences here are a 66 percent decline in nuclear fuel require

ments and a 31 percent drop in natural gas. The twenty-year cumulative 

energy requirments for the three scenarios are shown in Fig. I. 

A direct comparison of the first and third scenarios shows the effect 

of the energy conservation measures postulated in the third scenario. For 

nonrenewable resources there is a four percent difference in the total 

primary energy requirements for the twenty-year period. The major com

ponents of this change are a six percent savings in natural gas, a 42 per

cent drop in coal requirements (accounting for savings in SNG as coal), 

and about an eight percent decline in nuclear fuel requirements. 

The capital and manpower requirements for the three scenarios, aggre

gated to five-year periods, are shown in Table II. A significant portion 

of the capital and manpower in the second scenario is expended on active 
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Tahle II 

of Construction and rements (1976-90; 

~api ta _0 06 }974 J_)_ ~janEo\\fer (Man-years) 

Construction Operatjon Construction tion Indirect Total Average 
Annual ------ ------ --- ---

Scenario 
1976-80 10,131 7,073 101,900 259,800 189,000 550,700 110,100 

1 1981-85 22,544 7,906 203,400 274,500 374,600 852,500 170,500 

1986-90 15,239 9,116 177,900 300,000 282,800 760,700 1s.?~~ 
Total 47,914 24,095 tl83,200 834,300 846,400 2,163,900 144,300 

I 

>< < 
1976-80 19,051 7,470 258,500 298,300 330,700 887,500 177,500 1-'-

Scenario I 

2 198 -85 17,712 9,4C)6 224,200 382,700 298,800 905,700 181,100 

1986-90 18,141 1~-=~ ~08, 000 450,100 302.700 960.800 192.160 
--

Total 54,904 27,898 690,700 1,131,100 932,200 2,754,000 183,600 

Scenario 
1976-80 9,423 6,948 94,800 258,300 180,600 533,700 106,740 

3 
1981-85 18,283 7,610 172,800 267,800 337,600 778,200 155,640 

1986-90 15,097 8,~ 177,000 290,700 284,200 751.900 150.380 

Total 42,803 2::>,327 444,600 816,800 802,400 2,063,800 137,600 
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solar heating devices. These devices are installed at a uniform rate 

over time, making the capital and manpower flows more uniform than those 

of the first scenario. The large unit sizes and the non-uniform distri

bution associated with some of the facilities in scenario I and 3 appear 

to introduce significant fluctuations in capital and manpower require

ments over the period 1976 to 1990. 

In terms of the overall state economy, the capital requirement for 

the construction of new energy facilities averaged over IS years is about 

14 percent of the 1974 value of Gross Private Capital Formation in Cali

fornia. The difference, on an annual basis, between the first and second 

scenarios is 500 million dollars, or two percent of the state's Gross 

Private Capital Formation. A comparison of the first and third scenarios 

gives a smaller value, amounting to 1.4 percent of the Gross Private Capital 

Formation. The difference in the annual average contribution to Gross 

State Product between the first and second scenarios is $400 million: be

tween the first and third scenarios it is close to $100 million. These 

differences should be compared to an estimated 1974 Gross State Product of 

$157 billion. 

Future demand for manpower for each scenario is also summarized in 

Table II, which indicates that less than two percent of the present Cali

fornia labor force of nearly 9.5 million would be absorbed in the energy 

sector. More importantly, the difference in the average number of persons 

required per year between the first and second scenarios is 39,000, or 

less than O.S percent of the labor force. When compared, however, with 

the average number of new, nonagricultural jobs created annually in Cali

fornia (about 210,000 per year) these additional jobs make a large con

tribution to employment growth. Our analysis of resource requirements for 

each scenario stops at 1990. Perhaps some of the differences between the 

scenarios might decrease if the analysis was extended another five or ten 

years. In any event, our results show that one can formulate an energy 

supply scenario which is more labor intensive than another. This does not 

imply that energy policy can or should be used to make employment policy. 
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IMPACTS OF ALTERNATIVE INVESTMENTS 

We examined some of the tradeoffs between the three energy conserva

tion programs, and the energy facili construction programs. The de

lamping program could result in savings of 131 X 109 kwh of electricity 

over a fifteen-year period, and would result in a reduction in capacity 

requirement of 3080 MWe by the mid···1980 IS. This would remove the need 

for two 1100 MWe nuclear power plants, and one 800 MWe coal-fired power 

plant. These power plants would have red $1.2 billion (1974 dol-

lars) and 39,000 man-years of labor whereas the delamping program would 

require no additional resources. The passive so)ar program reduces the 

need for peak-load generating capaci by 4200 MWe in 1990, due mainly to 

a reduction in air conditioning load. A comparison of direct and indirect 

manpower required to construct new peaking capacity (using gas turbines) 

with the manpower required for the passive solar heating program indicates 

that the solar heating program would require 300 fewer man-years annually 

than the construction of new peaking capacity. The capital savings over 

this fifteen-year period resulting from the passive solar housing program 

would be $510 million. Natural gas savings accruing from both the passive 

solar housing program, and a program of retrofit insulation would amount 

to 1.6 X 1015 BTU over the next fifteen years. This is slightly more than 

be projected output of two synthetic natural gas (SNG) plants proposed as 

one source of additional supply for California. Cancellation of these 

plants would reduce capital demand by $1.5 billion (1974 dollars) and would 

reduce demand for labor by 23,000 man-years. 

The net impact of the conservation measures investigated in this 

study would be a significant savings of energy, accompanied by a reduction 

in capital requirment in the energy sector. The demand for construction 

manpower would also be lower. In general, the overall economic effects 

will depend on how these resources are used in other sectors of the econ

omy, which would in turn depend on future levels of economic activity. 

Several important limitations of this study should be kept in mind. 

First, there are limitations in both the accuracy and availability of data. 

A major portion of the data on materials and manpower were developed in 

1974 and these reflect the engineering estimates made at that time. The 

uncertainties in these data range from ± 10 to ± 50 percent. Data on new 
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technologies are even less reliable, since they are based on engineering 

estimates or experience with pilot plants. The data pertaining to the 

energy conservation measures investigated here have similar reliability 

limitations due to the nature of our assumptions. Second, we have assumed 

linearity in both energy supply processes and in economic structural 

relationships that may not be an accurate reflection of either. These 

assumptions do not take into account economy of scale considerations, or 

improvements in technologies that may take place over time. Similarly, 

the input-output model of the economy is based on the structure of the 

California economy for 1972 and thus cannot account for structural changes 

that could take place in the fifteen-year period used for our study. 

Finally, the boundaries imposed in this study can have an important 

fect upon the results. Average direct resource requirements could change 

as the time periods are extended beyond 1990. Similarly the extent to 

which indirect effects are included could alter the magnitude of some of 

these effects. 
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I. INTRODUCTION 

A major consideration facing California energy policymakers is the 

need for a more detailed understanding of the relationship of the Cali

fornia energy industry to the rest of the California economy. While it 

is obvious that expansion plans in the energy industry affect the rest 

of the economy, the magnitude and types of impacts that alternative plans 

may have are not clear. Quant ative assessments of the consequences of 

these changes in the energy sector for the rest of the California economy 

are needed for planning and policy formulation. 

The objectives of this study, performed under sponsorship of the 

California Energy Resources Conservation and Development Commission 

(CERCDC) are to 1) describe quantitatively the California energy indus

try and its relationship to the California and U.S. economies, 2) pro

vide the analytic capability for determining the direct and indirect 

employment and income impacts resulting from a given energy future for 

California, and 3) demonstrate and test the methodology with scenarios 

that embody varying combinations of conventional energy technologies, new 

energy technologies and energy conserving measures. 

In order to quantify the employment and income impacts of future 

energy systems we have developed and linked an energy supply model for 

California and an input-output (1-0) model of the California economy. The 

energy supply model simulates the construction and operation of energy 

resource extraction, transportation, and conversion facilities for the 

period 1975 to 1995. It calculates the capital and operating requirements, 

including materials and fuel, for these energy facilities. The indirect 

manpower and income effects are then estimated by transforming these re

quirements into inputs for the input-output model. This 1-0 model repre

sents the economy as a matrix of purchases and sales among all producing 

and consuming sectors. The interdependence among sectors is explicitly 

accounted for, so that the impact of changes in the production of any given 

sector can be traced to all other sectors. 

For comparative impact analysis we developed three scenarios of future 

energy growth in California. These scenarios are not forecasts; rather they 

were chosen to demonstrate the use of our methodology. 
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The first scenario is based on California electric utility plans 

and published projections of oil and gas supply and demand. The second 

scenario, developed in consultation with the CEReDC staff, differs from 

the first by 1) reducing natural gas consumption, 2) assuming no addi

tional construction of nuclear generating capacity beyond that currently 

under construction, 3) accelerating the contribution from new energy tech

nologies, including the solar-thermal heating of buildings, and 4) em

phasizing the contribution from geothermal resources. Essentially, this 

scenario calls for a change in the level of energy demand and a change 

in the mix of energy supply sources, 

The third scenario was developed from the first, with the intent 

of investigating the impact of implementing three energy conservation 

programs. These programs are 1) the delamping of fluorescent lighting 

fixtures in commercial buildings, 2) the building of "solar tempered" 

or "passive solar" housing for all new residential construction, and 3) 

the retrofitting of existing housing with insulation. 

This report is divided into three major sections with supporting 

appendices. 

Section II describes the character of the present California energy 

system, including time series for in-state petroleum and natural gas pro

duction, and generation and sales of electricity. Employment, income and 

wage rates for the California energy industry have also been tabulated 

and compared to the national average. 

Section III contains a description of the input details necessary 

for each scenario, along with a display of the resource requirements re

sulting from each scenario. These results are then compared in order to 

point out the major differences in direct and indirect impacts. 

Section IV discusses the three energy conservation programs as alter

natives to investments in energy supply facilities. In this section each 

conservation program is examined individually in order to isolate some of 

the specific tradeoffs involved in its implementation. 

A detailed description of both the energy supply model for California 

and the California 1-0 model is given in Appendix A. In Appendices B, C, 
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and 0 we discuss the three conservation measures and display the capital 

and manpower requirements and estimated energy and capacity savings for 

each. Appendices E, F and G contain material on wind power, solar thermal

electric power plants and electrical energy conversion from municipal 

solid wastes, including data on the capital and manpower requirements for 

each of these new technologies. 
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II. ECONOMIC PROFILE OF THE CALIFORNIA ENERGY INDUSTRY 

For this section we have gathered available data from a variety 

of sources on the economic sectors comprising the California energy 

industry. The energy industry in California consists of four major 

sectors: 

1) Oil and Gas Extraction (SIC 13) 

2) Petroleum Refining and Related Industries (SIC 29) 

3) Electric Utilities (SIC 491) 

4) Gas Utilities (SIC 492) 

For each of these sectors we present data on the amount of energy pro

duced and sold and its value. We also present data on employment, in

come and earnings generated by these sectors. 

Table 1 shows time series for the production of oil, gas and nat

ural gas liquids in California from 1964 through 1975. 1- 3 These data 

are summarized in Fig. 1. These trends in production of the three major 

fuels in California show different movements over the decade covered. 

The production of petroleum rises from 300 million barrels in 1964 to 

375 million barrels in 1968, an average annual rate of growth of 5.6 

percent. From 1969 through 1975 petroleum production falls at an aver

age annual rate of 3.0 percent to a level of 322 million barrels. 

The production of natural gas moves erratically from 1964 through 

1968, averaging 683 billion cubic feet per year. Production then de

clines continuously to the level of 368 billion cubic feet per year in 

1974. The average annual rate of decline over the 1968-75 period is 

9.4 percent. As for natural gas liquids, production falls in each year 

with the exception of asmall increase in 1966. The average annual rate 

of decline over the eleven-year interval being 8.5 percent. A compari

son of production of these fuels in California to the national produc-
17 d' f d . tion figures shows that for 1975 the pro uctlon 0 cru e petroleum ln 

California is approximately 10.6 percent of the national domestic pro

duction (including Alaska) and slightly less than two percent for both 

natural gas and natural gas liquids. 
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Tabl e 1 

Summary of Annual California Oil and Gas Production 

Crude Petroleum~ Natural Gasb Natural Gas Liq.~ Total value 
Year Quantity Value Quantit~ Value Quantity Value (all fuels) 

106bbl 106 $C 109 ft 106 $C 106 bb1 106 $C 106 

1964 300 729 664 199 25.5 70 998 

1965 316 753 644 199 23.7 65 1017 

1966 345 813 715 223 24.5 70 1106 

1967 359 829 679 202 23.3 66 1097 

1968 375 884 713 221 22.0 62 1167 

1969 375 920 672 206 21. 2 58 1184 

1970 372 945 642 206 19.0 58 1205 

1971 358 975 602£ 196 17.8 52 1223 

1972 347 943 555£ 205 14.3 44 1192 

1973 336 1045 514£ 192 12.2 43 1280 

1974 323 1748 388 f 201 11.0 78 2027 

1975 322d 1940e 368£ 224 e 10.Og h :> 2164 

a. Source (except as noted): Ref. 1. 

b. Source: Ref. 2. The value was obtained by adjusting the figures given in the 
California Statistical Abstracts to reflect the more accurate gas produc
tion numbers. One important caveat should be noted here. The natural gas 
production numbers listed here are for "marketed production," which means 
gross production at the wellhead minus gas used for repressuring the oil/gas 
field. Some sources, such as the California PUC, show only "net marketed 
production," which is the gas available to California after the quantities 
consumed in field use of natural gas (as a fuel), use and losses in trans
mission, and vented or flared gas are all removed from the "marketed produc
tion Ii figure. 

c. Dollar values given in current dollars for the year of interest. 

d. Source: Ref. 2, 1975. 

e. Source: Ref. 2. These values have been adjusted to include OCS oil and gas. 

f. Natural gas production numbers before 1970 do not include production from 
federal OCS lands off California; for the years 1971 to 1975, federal OCS 
gas production is included in these totals. 

g. Source: Ref. 3. 

h. Value of natural gas liquids not available for 1975. 
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In Table 2 we present time series showing the trends in produc

tion and consumption of electrical energy in California over the years 

1964 through 1975. 1,3,4 Consumption of electricity rises continuously 

through 1973 at an average annual rate of 7.0 percent. In 1974 it falls 

by 4.4 percent. The production also rises through 1973, with a slight 

interruption in 1972. The average annual rate of growth here is 5.0 

percent. In 1974 production of electrical energy falls by 11.S percent, 

then increases again in 1975. These data are shown in Fig. 2. The elec

trical energy production in California amounts to about seven percent of 

the national production. 

It is apparent from these time series that California has entered 

a phase of declining production of primary energy. With energy consump

tion still increasing California must rely more and more on out-of-state 

energy sources. In fact, California has not been "self sufficient" in 

terms of supply-demand balances for natural gas and oil since the late 

1940's or early 1950's. Figure 2 shows that the state has also become 

a net importer of electricity. Faced by these trends in energy produc

tion and consumption, California must assess the impacts of alternative 

energy futures. In later sections of this report we examine three alter

natives for future California energy supply and de~and, but first we 

describe some economic impacts of the existing energy industry. 

Table 3 displays our estimates of value added contributed to Cali

fornia's Gross State Product by four energy sectors for the year 1972. 

Alongside these estimates we present the contribution of U.S. energy 

sectors to Gross National Product for the same year. Note that the two 

energy resource sectors in California contribute relatively more to the 

Gross State Product that they contribute nationally to Gross National 

Product. Conversely, the electric and gas utility sectors are relatively 

smaller within the State as compared to their contribution nationally. 

In overall terms, however, these energy sectors form the same percentage 

of total value added both in the state and the national economies. 

In Table 4 we present data on employment and earnings in the energy 

sectors. These figures indicate that California accounts for seven per

cent of the total U.S. employment in the oil and gas extraction sector. In 

petroleum refining California accounts for 14 percent of U.S. employment 

in that sector; in the electric, gas utilities sector the figure is nine 



Table 2 

Historical Production and Use of Electrical Energy in Cali 
1 

Sales 

Generated Utilities Commercial + 
Industrial 

Private Public Total Residential Total 

U64 67.0 2002 8702 21. 0 2209 30.1 303 77 .3 

1965 69.5 23.5 S3.0 01) 23.0 27.1 2907 3.3 8301 

1966 77 08 24.2 0200 020 25.4 33.7 30.0 506 9407 .8) 

967 79.6 2809 108.5 (108.5) 27 .8 34.5 31.7 6.3 10004 0005) 

968 87.1 27.4 114.5 14. 29.5 3706 34.6 6.6 10803 080 

1969 8408 33.5 118.3 18. 3205 38.6 36.8 7.4 11503 150 
i 

1970 8702 3409 122.1 (12201) 34.6 41.3 39.1 8. 123.1 (123. 00 
I 

1971 87.9 34.7 122.6 25.4) 37.8 43.4 40.8 8.2 13002 (12S.8) 

1972 93.5 31.8 125.3 23.1) 3908 46.8 4401 8.9 139.6 340 

1973 99.1 3800 137.1 34.3) 42.2 4709 46.2 9.1 145.4 .1) 

1974 85.1 36.2 21.3 14.1) 41.4 44.7 43.7 9.2 13900 

1975 90.2 35.1 125.3 37.1) 4304 46.7 4207 006 143.4 

a. Reference 4. The numbers in are from Ref. 1 for 1975, ch are from Ref. 3. 
These ical values are shown to illustrate the fact that different sources do not agree. 
We do not understand the differences, to note that in the case of electri generated 
in 1975, the main difference appears 0 be that the CERCDC number includes electrici ed 

coal-fired power ants located out-of-state, but ial owned by California utilities. 
The FPC number, on the other hand, ly counts only electri generated within the state. 
The differe~ce between sales and on includes both power, and transmission line 
losses. 

b. Includes street Ii lic agencies and railroads. 
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Table 3 

Estimated Value Added 1972 106 Dollars 

Industry SIC Cal ifornia Percent of United Percent of 
Gross State States Gross National 

Product Product 

Crude Petroleum 1311 ; 1,432.9 1.14 8,723.4 0.74 
& Natural Gas 1321 

Refined Pet- 2810; 718.9 0.57 5,664.9 0.48 
roleum 2990 

Electric 4910; 1,451.9 1. 16 18,053.6 1. 54 
Utilities 4932 

Gas Uti li ties 4920; 825.6 0.66 8,648.0 0.74 
4932 

Total 4,429.3 3.53 41,089.9 3.50 

Source: Ref. 5. 



Table 4 

and in Energy Sectors, California and U.S., 1972 and 1974 

Year Californiaa 
Nat 

Average Average Ave Ti'J_ge Average 
Hourly Weekly Weekly 
Earnings Hours Earnings Hours 

) ) 
---

Oil & Gas Extraction 1972 20,000 5.23 40.4 268,200 4.00 43.0 
1974 21,800 6.25 39.9 304,500 4.82 44.6 

Petroleum 1972 22,700 5.21 41.2 152,300 5.25 41. 8 
1974 22,400 6.00 41.2 154,800 5.96 42.1 

Electric, Gas & 1972 63,500 5.70 40.5 712,900 4.83 41.5 
Sanitary Services 1974 65,600 6.41 40.9 742,100 5.49 41. 3 

a. Bulletin #1370 U.S.Department of Labor, Bureau of Labor Statis~ics, Employment and Earnings 
Statistics for States and Areas. 

_b. Bulletin #1312-10, U.S.Department of Labor, Bureau of Labor Statistics, Employment and Earnings 
U.S., 1909-1975. 

~ 

i 
I--' 
I--' 
i 
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percent. Average hourly earnings run slightly higher for California 

workers in these sectors, while the average work week is slightly shorter. 

Table 5 sets out data on wages and employment for detailed (4-

digit SIC) energy sectors in California based on first quarter 1975 re

turns. The annual payroll estimates are based on first quarter figures. 

In terms of employment, the petroleum refining and utilities sectors com

prise the bulk of California employment in the energy sectors. 

In considering the impacts of the energy industry on the state's 

economy, it is important to note that these sectors are among the least 

labor intensive. Using 1972 data,5,6 we have ranked the 368 sectors of 

the national economy in order of decreasing employment per million dol

lars of gross output. Of the four energy sectors in California, Elec

tric Utilities was the highest with a rank of 301 (14.3 employees per 

million dollars), whereas Petroleum Refining was the lowest with a rank 

of 353 (4.7 employees per million dollars). The median value of all 

sectors was 27.S employees per million dollars. When ranked by employ

ment per million dollars of value added, all four sectors were in the 

lowest five percentile. In terms of energy policy, this means that large 

changes in output in those sectors are required before there will be sig

nificant changes in employment. 
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Table 5 

Wages and Employment in Cali fornia Energy Industries, 1975, I Quarter 

1972 Industry No. of Annual Payroll Average First 
SIC Firms Based on First Quarter 
Code Quarter 1975 Employment 

Wages 

1 nlO Crude Petroleum & Nat- 314 194.9 11511 
ural Gas 

2 1320 Natural Gas Liquids 6 1.2 81 

3 1380 Oil and Gas Field 406 160.4 10834 
Services 

Sub 13 Oil and Gas Extraction 726 356.5 22426 Tot. 

4 2910 Petroleum Refining 99 442.4 23472 

5 4910 Electric Utilities 26 220.3 14718 

6 4920 Gas Utili ties 18 133.7 9307 

7 4930 Combination Utilities 77 495.4 33900 

Sub Part. Total Gas & Electric 121 849.4 57925 Tot. 49 Utili ties 

Source: California Department of Employment Development data; processed 
by LBL Employment Information Systems Project. 
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III. ANALYSIS OF SCENARIOS 

SCENARIO DESCRIPTION 

Three scenarios were analyzed to examine a range of alternative 

energy futures for California. These scenarios were constructed not 

as forecasts but to demonstrate the use of the methodology developed 

at LBL. The results, which were calculated using the models described 

in Appendix A, include the direct and indirect economic impacts of con

structing and operating energy and associated transportation facilities 

during the period 1976 to 1990. 

The first scenario is based on projected power plant construction 

schedules provided by the electric utilities to CERCDC and on estimates 
7-9 of natural gas and crude oil supply and demand. It was constructed 

jointly by the staffs of the Energy Analysis Program at LBL and CERCDC. 

The second scenario postulates lower natural gas availability than in 

the first scenario. It also includes extensive deployment of advanced 

electricity production technologies. These are wind turbine generators, 

solar thermal-electric power plants and waste-fired electricity genera

tion. A large block of nuclear power generation in the first scenario 

is replaced by geothermal and advanced technologies in the second scen

ario. This scenario also includes active solar heating units. It was 

formulated by the CERCDC staff. 

The third scenario emphasizes three conservation activities: de

lamping in commercial buildings, passive solar houses, and retrofit in

sulation of residences. These activities affect the growth in consump

tion of peak and base electrical power and natural gas. The third 

scenario was constructed from the first scenario by reducing the demand 

for electricity and natural gas. 
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The input to each scenario includes estimates of future supply and 

demand of fuels and electricity. The required data are listed in Table 

6. The demand estimates specify the quantities of natural gas, oil or elec-

tricity. Supply estimates specify the source and quantity of natural gas, 

the quantities of onshore and offshore oil and the characteristics of 

all fuels and power plants. 

Natural gas demand specification is broken down into firm and inter

ruptible demand categories. Oil demand is specified by four major cate

gories: transportation, industry non-fuel, residential and commercial and 

industry fuel. The latter two categories are satisfied by excess gas 

supply as a first priority, if it is available. Oil needed for electric

ity generation is computed by the model based on the type of electric 

generating capacity and its operating characteristics. 

Three types of electrical power plants that use petroleum are in

cluded in our analysis: oil-fired power plants, gas turbine power plants 

and combined cycle power plants. Other types of power plants include 

coal-fired plants, nuclear reactors, hydroelectric plants, pumped storage 

and geothermal facilities. The electricity supply system is specified 

by the operating characteristics and the generating capacity of each type 

of power plant. The model then converts these figures into the type 

and quantity of fuel supply required. In addition to these conventional 

power plants we have included wind turbine generators, solar thermal

electric power plants and biomass-fired power plants. Data on these plants 

are of a tentative nature since none of these plants have been used com

mercially on a large scale. More detail on the data is included in Appen

dices E, F, and G. 

The three conservation activities considered in the third scenario 

are: retrofit insulation, delamping in commercial buildings and passive 

solar housing. Cost and manpower data on these activities have been ac

quired from several sources and are presented in Appendices B, C, and D. 

Potential demand for these activities has also been estimated. 

Natural gas supply to California is specified by its source and 

quantity. Oil supplies are categorized as California onshore, California 

offshore and overseas. Coal and uranium supplies are assumed to be 
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Table 6 

Inputs to a California Energy Demand Scenario (1976-1995) 

I. Annual Gas Demand (10 12 ft 3/year) 

1. Firm 

2. Interruptible 

II. Annual Oil Demand (106 barrels/year) 

1. Transportation 

2. Industry non-fuel 

3. Residential and commercial 

4. Industry fuel {

Satisfied by gas if 
available; excess de
mand filled by oil. 

III. Annual Schedule of Electric Power Plant Capacities by Region (MWe) 

L Oil-fired 

2. Coal-fired with sulfur removal fad Ii ties 

3. Gas turbine 

4. Combined cyc1 e 

5. Nuc1 ear reactor (LWR) 

6. Hydroelectric 

7. Pumped storage 

8. Geothermal 

IV. Annual Schedule of Non-Conventional Facilities 

1. Retrofit insulation 

2. Delamping in commercial buildings 

3. Solar heating and cooling 

4. Waste-fired power plant 

5. Solar thermal power plant 

6. Wind-fired electricity generation 
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available from out-of-state sources. Characteristics of all these fuels 

as well as the corresponding power plants are specified. Detailed speci

fications Df the data and supply assumptions are included in Appendix A. 

Fuel Supply 

The quantity of energy consumed by each source in the three scen

arios is listed in Table 7. The second and third scenarios call for a 

lower rate of growth of energy consumption, 2.0 percent and 2.4 percent 

versus 2.6 percent in the first scenario. Oil supplies in the three 

scenarios show little variation (less than 10 percent) over the twenty

year span from 1975 to 1995. Gas supplies on the other hand drop by 55 

percent, and 12 percent by 1995 in the second and third scenarios from 

a supply of 1.4 X 1015 BTU in the first scenario. The reduction in the 

third scenario is due to retrofit insulation and passive solar housing 

programs. 

Electricity forms the third major form of energy supply to Califor

nia. The second and third scenarios postulate about 4.1 X 1015 BTU of 

fuel used for electricity generation by 1995 which is slightly less than 

the 4.3 X 1015 BTU required in the first scenario. The composition of 

the electricity supply in the second scenario is, however, very differ

ent from that in the first and third scenarios. As can be seen from 

Table 7, advanced electricity production technologies and active solar 

heating form a major source of energy supply in the second scenario. The 

energy consumption data are also plotted in Figs. 3, 4, and 5. 

Gas Demand and Supply 

The annual firm and interruptible gas demand forecast from 1976 to 

1985 for the first scenario was obtained from the California Public Util

ities Comrnission 7 and is shown in Table 8. Using a linear extrapolation 

procedure this demand forecast was extended to 1995. Gas supply sources 

and quantities were obtained from the FEA study of the California Nuclear 
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Table 7 

Primary Energy Sources for California 
(10 12 BTU) 

1975 1980 1985 1990 1995 

Scenario 1 

Natural Gas 1952 1481 1818 1314 1263 
Coal (SNG)f 0 0 258 258 258 

Oil a 3347 4170 3840 4396 4570 
. . b E1ectnCl ty 1245 1766 2443 3449 4322 

aile 873 1034 1085 939 691 
Coal c 93 136 297 329 382 
Hydrod 138 150 121 178 222 
Geotherma1 c 75 176 296 326 517 
Nuclearc 66 270 581 1677 2502 
Adv. Tech. e 0 0 3 5 8 

Solar Heating 0 0 0 0 0 

Total 5671 6383 7274 8483 9722 

-----------=~---=---=---=---=-~-=--==--~-=--=----~-----~==---------------~-----~ 

Scenario 2 

Natural Gas 1952 1402 929 781 633 
Coal (SNG) f 0 0 0 0 0 

Oil a 3346 3804 4182 4146 4101 

Eleetricityb 1245 1964 2635 3389 4146 

Oil c 873 1045 1192 927 695 
Coa1 c 93 223 350 507 634 
Hydrod 138 151 164 184 205 
Geotherma1 c 75 269 463 1188 1913 
Nuclearc 66 266 406 409 412 
Adv.Tech. e 0 10 60 174 287 

Solar Heating 0 85 170 237 307 

Total 5671 6210 6724 7626 8492 



-19-

Table 7 (Continued) 

1975 1980 1985 1990 1995 

Scenario 3 

Natural Gas 1952 1386 1813 1308 1240 
Coal (SNG)f 0 0 0 0 0 

Oil a 3347 4074 3885 4424 4564 
E1 .. b ectrlclty 1245 1670 2265 3268 4115 

Oi1 c 873 938 1116 958 687 
Coal c 93 136 248 284 341 
Hydrod 138 150 165 162 206 
Geothermal c 75 176 296 326 517 
Nuclearc 66 270 437 1533 2356 
Adv.Tech. e 0 0 3 5 8 

Solar Heating 0 0 0 0 0 

Total 5671 6192 6847 8042 9232 

a. 

b. 

c. 

d. 

e. 

This category includes oil used for electricity generation, and does not in
clude exports from California. 

Total fuel used for electricity generation, includes oil. 

Input fuel quantities (in BTU) which account for thermal efficiencies. 

Output energy (in BTU). 

Includes biomass, accounted as input (fuel) energy, and wind, solar electric 
and fuel cells accounted as output energy. 

f. Input energy. The efficiency for conversion to high BTU gas is about 55 
percent. I 
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Table 8 

Schedule of Gas Supply and Demand 
(l09 ft 3/yr) 

1975 1980 1985 ]990 1995 

Scenario 1 

Demand 
a 

957b 983 1030 1080c 1120c 
Firm d 
Interruptible 736 715 694 673 652 
Industrial fue1 e 236 197 112 124 236 
Res. + Comm. e 23 23 17 17 17 
Field use & los sese 160b 170 200 200 160 

Total Demand 2112 2088 2053 2094 2185 

Su,e,ely f 

California 361 g 349 317 250 250 
Federal OCS 6g 6 100 200 200 
Alaska 0 0 365 365 365 
Southwestern 1159b 789 601 0 0 
SNG(S.W.) 0 0 141 141 141 
Canada 365b 183 183 50 0 
Other LNG 0 108 191 404 404 

Total Supply 1891 1435 1898 1410 1360 

Unsatisfied Demand 221 653 155 681 829 

~---------~-==--~--=--=---=~-~=~-~-~----=-=---=-=--~===----=-----=------~ 

Scenario 2h 

Demand 

Firm 957b 826 i 700 577 i 453 
Interruptible 736b 368 i 0 0 0 
Industrial fuel 236 590 i 944 925 i 905 
Res.+ Comm. 23 23 i 23 98 1 174 
Field use & losses 160b 170 200 200 160 

Total Demand 2112 1980 1867 1800 1692 

Su,e,ely 

California 361g 360i 358 3131 267 
Federal OCS 6g 16i 27 114i 200 
Alaska 0 0 73 110i 146 
Southwestern 1159b 709 i 259 130i 0 
SNG(S.W.) 0 0 0 0 0 
Canada 365b 2741 183 91 i 0 
Other LNG 0 0 0 0 0 

Total Supply 1891 1359 900 758 613 

Unsatisfied Demand 221 619 967 1042 1079 
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Table 8 (Continued) 

Scenario 3j 

Demand 

Firm 
Interruptible 
Industrial fuel 
Res.+ Comm. 
Field use & losses 

Total Demand 

Supply 

California 
Federal OCS 
Alaska 
Southwestern 
SNG(S.h'.) 
Canada 
Other LNG 

Total Supply 

Unsatisfied Demand 

a. Reference 7. 

1975 

957 
736 
236 

23 
160 

2112 

361 
6 
0 

1159 
0 

365 
0 

1891 

221 

b. Actual 1975 value from Ref. 3. 

c. Extrapolated. 

1980 

891 
715 
197 

23 
170 

1996 

349 
6 
0 

789 
0 

183 
16 

1343 

653 

1985 1990 1995 

903 937 962 
694 673 652 
112 124 236 

17 17 17 
200 200 160 

1926 1951 2027 

317 250 250 
100 200 200 
365 365 365 
601 0 0 

0 0 0 
183 50 0 
191 402 387 

1757 1267 1202 

169 683 825 

d. We have used the 1975 value from Ref. 3. The California PUC has 
estimated that the interruptible gas demand will remain constant 
for the next decade. We have used this estimate for the 1995 de
mand, and have interpolated for the years between 1975 and 1995. 

e. Reference 8, medium production, medium use case. 

f. Reference 9, Table 2C.3-3. 

g. Reference 2. 

h. Supply-demand value for scenario 2 received from CERCDC, except 
as noted. 

i. Interpolated. 

j. Supply-demand values for scenario 3 are based upon scenario 1, 
with the conservation impacts allocated as follows: the gas sav
ings are assumed to be firm demand, hence this demand require-
ment is reduced; on the supply side, we assume that no Southwestern 
SNG development will occur, and that remaining gas savings will re
duce the need for "Other LNG" gas. 
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Power Plants Initiative.
9 

Annual gas supply was estimated by linear inter

polation of the data for each source. The gas supply estimates are also 

shown in Table 8. 

For the second scenario the gas demand and supply information was 

supplied by CERCDC. By 1995 California "imports" gas only from Alaska 

while the southwestern and Canadian sources are phased out. Gas consump

tion in the third scenario grows at a slower rate due to the conservation 

programs. This reduced demand for gas results in cancellation or delayed 

implementation of some supply sources. We have decided to first reduce 

the sy~thetic gas supply and then reduce imported LNG from the levels speci

fied in the first scenario. 

Oil Demand and Supply 

For the first and third scenarios, forecasts of oil demand for 

each of the four subcategories (transportation, residential and commer

cial, industry fuel and industry non-fuel) for 1980, 1985, 1990 and 1995 

were obtained from the Rand Corporation8 and are displayed in Table 9. 

These oil demand forecasts reflect the medium production, medium use 

case defined in that report. Estimates of crude oil supply sources and 

quantities are also shown in Table 9. The additional oil requirement is 

"imported." Oil demand and supply forecasts for the second scenario were 

obtained from the CEReDe staff. 

Power Plants 

The annual schedule of electric power plant capacities by region 

(either in- or out-of-state) was obtained from the utility submissions 

to the CEReDe. This schedule is shown in Table 10 and was included in 

the first scenario. A similar schedule for the second scenario was de

veloped from the data supplied by the CEReDe. These data are for the 

three years 1975, 1985, and 1995. Figures for the intervening years were 

calculated by linear interpolation. In this scenario all coal power 
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Table 9 

Schedule of Crude Oil Supply and Demand 
(10 6 bbl/yr) 

1975 1980 1985 1990 1995 

Scenario 1 

Demand 

Unsatisfied gas a 39 116 28 121 148 
Electric gen. b 

residual 136 154 154 118 79 
distillate 3 11 20 33 33 

Transportati~nc 360 391 406 425 469 
c 58 67 77 88 94 Industry non-fuel 

Crude oil exportd 68 68 68 68 68 
Total Demand (as crude)e 645 787 730 826 856 

Su,e,ely 

California f 

onshore 307g 275 249 225 203 
offshore ISg 103 250 370 350 

Total Supply 322 378 499 595 553 

Imports Required 323 409 231 231 303 

=~---~=~-~=-==--~--------=~---=--~==-==~---~--~===-=--~=~-----~====---=-

Scenario 2 

Demand 

Unsatisfied gas a 
39 110i 172 186i 192 

Electric gen. b 
residual 136 157i 169 121 i 80 
distillate 3 10i 22 29 i 33 

Transportationh 360 3l8~ 275 290 i 305 
Industry non-fuel h 58 75 1 92 10Si 118 
Crude oil exporth 68 68 i 68 68 i 68 

Total demand (as crude)e 645 724 789 783 775 

Su,e,e1y 

California h 

onshore 307g 271 i 234 182 i 129 
offshore lSg 84i 153 153i lS3 

Total Supply -rr2 3S5 ~ 282 

Imports Required 323 369 402 448 493 
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Table 9 (Continued) 

1975 1980 1985 1990 1995 

Scenario 3
j 

Demand 

Unsatisfied gas 39 116 30 122 147 
Electric gen. b 

residual 136 140 162 126 84 
distillate 3 9 16 29 27 

Transportation 360 391 406 425 469 
Industry non-fuel 58 67 77 88 94 
Crude oil export 68 68 68 68 68 

Total Demand (as crude) 645 770 ~ 83T 855 

SUEEly 

California 
onshore 307 275 249 225 203 
offshore 15 103 250 370 350 

Total Supply 322 378 499 595 553 

Imports Required 323 392 239 236 302 

a. Taken from Table 8, converted into barrels of middle distillate. 

b. Values calculated from the assumed electrical generation capacity 
mix and capacity factors used as inputs to the California Energy Sup
ply Model. 

c. Reference 8, medium production, medium use case. 

d. Taken to be constant at the level of exports for 1975, Ref. 3. 

e. Calculated as crude oil; numbers in demand categories will not sum 
to this due to different heat contents of various oil products. 

f. Based on projections in Ref. 8, and Ref. 12. 

g. Values for 1975 taken from Ref. 2. 

h. Supply-demand values for scenario 2 received from CERCDC, except as 
noted. 

i. Interpolated. 

j. Supply-demand values for scenario 3 are based upon scenario 1, with 
the conservation impacts shown as changes in oil demand for elec
trical energy generation. 



MVI)!,,) PUMPED CI'MBIIIIEO GAS 

[ERCOe FIRST SCENARIO 
GENERATING CAPACITY 

BV TYPE OF POWER Pl.N~ 

COAt lIIuelEA" GEQ- FUEL ,nLA~ CAPACITY 
"EAR ! 1111 STATE) STORAGE (l L CYCLE TURB llllt 1111 OU T IN CU T THERMAL WIIliD CELL THERMAL AVAILABLE 

SUI'l 1'115 1385( 1193) 1055 2136 ! 2'1 

1916 -II 192 
1''111 193 -'12 600 
1918 31l'i -21 236 
1'119 101 236 
1980 31 

---------------------------
SUI'l 19110 1'105(1193) 1825 22005 1096 
--------------------------------------------

I'UlI 201 II 20 -131 360 
1982 210 

983 36'1 -151 
198'1 150 -213 
1985 90 - 86 

--------------------------------------------
SUI'! 1985 8'180(1193) 29'1'5 2 252 1'156 

------------------------------

1986 
1981 
1988 
1989 
1990 

I'lGI -331 ) 

SUI'l 1990 8620 (862) 

1991 
1992 
1993 
199'l 
1995 6'10 

29'l'5 

2'100 
------------------------

SUM 1995 9260 /8(2) '53'15 

-352 

-271 
-90 

-'122 

20 117 

-'1'18 
-35 I 
-33'1 

-135'1 

116 30 

290 
23'1 
'168 

3'1'18 

-2'l 

3'12'1 

1083 

323 
162 
166 
11'1 
'166 

231'1 

600 
15 

375 
675 
300 

'f 339 

-900 
101 
505 

'fO'!5 

202 
'102 
253 

'5 3 
1?55 

6210 

800 

800 

,,20 

320 

'5 ?O 

'520 
'520 

2880 

5252(2276) 1379 

150 (157) 1060 
lObe 

flO 
70 

6002(2'133) 3657 

000 (515) 
000 (575) 
750 ('150) 

no 
1100 

880 
950 

1100 

87521'1033) 1907 

7501'!50) 33'50 
1300 
'1750 
2250 
3650 

9502! '1'183) 23207 

1250 
J3? 0 
1250 
3350 
<'2,)0 

9502('1'183) 1'4657 

NUMBf!" IN Bl'Afl(FTS I1fPRrSFNT~, CAt IF(lPNIA <,HARF rl' rUT rF <;TATF r~PAUTV 

Tahle 10 

1?70(190) 

1210 (190) 

'502 

271 
6, 

2'10 

1178 

! 10 
220 
1'i0 
220 
110 

25<t0 (381) 1978 

1270(190) 100 

100 

38 10 (,,71) 2 78 

1<; 0 

150 

9S0 

38 I 0 (" 71) 34" B 

33 
33 
3'1 

100 

100 

26 

26 

52 
'I? 

10'! 

?2'l 

15/:' 

380 

380 

36258 

37979 
39960 
41077 
'12369 
43132 

'13132 

'15606 
'17'16 ? 
,,0'191 
,,3020 
5'1988 

5'1988 

59273 
/:,0750 
66 23'5 
68'129 
72277 

72277 

7'1399 
77 70 3 

100 79b?5 
8321'1 

100 B9'161 

200 89'161 

; 
N 
co 



} , u 

-29-

plants were assumed to be located outside California. Table 11 shows 

the power plant schedule for this scenario. 

In scenario 3 two nuclear power plants and one coal-fired power 

plant that would come on line after 1983 need not be constructed due to 

the reduced base load power demand resulting from the delamping program. 

Furthermore, passive solar housing and retrofit insulation reduces the 

need for gas turbine and pumped storage peaking units. These measures 

also reduce the growth in demand for natural gas. Since power plants 

under construction would not be cancelled we decided to let the oi1-

fired plants (mostly older units) operate at a reduced load factor until 

1983 to match the reduced demand for electricity. The power plant capa

city schedule for the third scenario is presented in Table 12. 

Solar Heat 

Active solar heating units were included only in the second scen

ario. The data provided by CERCDC included the energy that would he 

available from these units by 1985 and by 1995 as shown in Table 7. The 

capital and manpower requirements for these units are taken from Ref. 10. 

Non-electrical Facilities 

Given the fuel supply and demand data and the mix of electrical 

generating facilities, the model creates a schedule for constructing and 

operating the facilities needed to supply the required energy. These 

include coal and uranium mines, oil wells, refineries, and oil and gas 

import facilities. The major non-electrical energy facilities that are 

included in each scenario are summarized in Table 13. In addition, there 

are fuel transportation and electricity transmission and distribution faci

lities. 

The manpower and capital required to construct and operate all the 

energy and transportation facilities included in the model are presented 

in Table A-I (in Appendix A). Also included are the nominal sizes of each 

type of facility. 
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Table 13 

Major Non-electrical Energy Facilities 

1975 1980 1985 1990 1995 

Scenario 1 

Coal strip mine a 
0.7 1.0 3.9 4.1 4.4 (6XI06 ST/yr) 

. . a U strIp mIne 1.4 2.4 4.8 11.8 15.4 (4.4XI05 5T/yr ore) 

Coal Gasification (Hi 
BTU (80Xl09 ft 3/yr) 0 0 1.7 1.7 1.7 

Refinery 
9.8 11.9 11.1 12.5 13.0 (2XI05 bbl/day) 

Oil import facility 
(lXl06 bbl/day) 0.8 1.2 0.7 0.7 0.9 

LNG import facility 
(2.8XI09 ft 3/day) 0 0 0.6 0.8 0.8 

-------~~=-=--~---~---~-----=---==---=---==-~--=-- -=-=--------------~=--

Scenario 2 

Coal strip mine a 
0.7 1.4 2.4 3.4 4.4 

(6Xl06 ST/yr) 
. . a U strIp mIne 1.0 2.2 2.8 .28 2.8 

(4.4Xl05 ST/yr ore) 

Refinery 
(2Xl05 bbl/day) 10.0 10.7 11.7 12.1 12.4 

Oil import facility 
(lXl06 bbl/day) 0.9 0.9 1.1 1.3 1.5 

LNG import facility 
(2.8X109 ft 3/day) 0 0 0 0 0 
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Table 13 (Continued) 

1975 1980 1985 1990 1995 

Scenario 3 

Coal strip mine a 
0.7 1.0 1.7 2.0 2.4 

(6XI06 ST/yr) 
. . a 

U stnp mIne 1.4 2.4 3.8 10.9 14.S (4.4XIOS ST/yr ore) 

Refinery 
(2XIOS bbl/day) 9.8 11.7 11.2 12.6 13.0 

Oil import facility 
(lXl06 bbl/day) 0.8 1.1 0.7 0.7 0.9 

LNG import fad 1 i ty 
(2.8XI09 ft 3/day) 0 0 0.6 0.8 0.8 

a. California share of out-of-state facilities. 
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RESULTS 

In this section we discuss the resource requirements called for 

by each scenario. The resources requirements are aggregated into two 
* regions: California and the Southern Mountain Region. Since the input 

data are in most instances specified at five- and ten-year intervals, 

the results, although calculated on a yearly basis, have also been ag

gregated into five-year periods. Results are presented for three five

year intervals running from 1976 through 1990. Requirements for the 

period 1991 through 1995 have not been calculated, since estimates for 

these years would have required us to specify facilities coming on line 

after 1995, the final year included in our scenarios. Capital and op-
. . ** eratlng costs are expressed ln constant 1974 dollars. 

Construction Requirements 

Over a long period, one would expect that increased amounts of 

energy supplied would be accompanied by increased commitments of re

sources to energy facilities. However, because many of the energy facil

ities are constructed in large discrete units, and are typically built 

ahead of demand, the growth in construction requirements may, over a 

short period such as fifteen years, move irregularly when compared to 

the actual growth of energy consumption. In scenarios 1 and 3 for exam

ple, the resource requirements reach a peak during the 1981-85 period 

and then decrease during the next period, while in the second scenario 

they decrease steadily over the fifteen-year period. This irregular 

growth can be attributed to the following major facets of our account

ing of the energy supply system for California. 

* The Southern Mountain Region comprises the states of Arizona, Colorado, 
Nevada, New Mexico and Utah. 

** It should be noted that the construction resources data include re-
sources required for engineering, design, procurement, construction and 
startup for each energy facility. There are other costs, mainly "owners' 
costs" which are highly variable and difficult to estimate. These are 
not included in our results. Owners' costs typically include project 
feasibility studies, site evaluation, studies required for site and pro
ject approval by government agencies, interest during construction, and 
land costs. Owners' costs average 25 to 30 percent of construction costs 
incurred by the builders for many major energy facilities. They are higher 
for energy extraction facilities, on the order of 40 to 60 percent. 
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Capital outlays for construction of synthetic natural gas (SNG) 

plants, LNG import facilities and offshore oil wells account for $5 bil

lion of the $22.5 billion of capital invested in the first scenario 

during 1981-85. In this scenario, SNG plants are not constructed after 

1985, LNG import facilities constructed during 1981-85 are sufficiently 

large to accommodate all LNG imports until 1995, and construction out

lays for offshore oil wells decline by almost 50 percent during 1986-

90 as offshore oil supply is not projected to increase as rapidly.' 

These facilities account for a $3.4 billion decrease between the latter 

two periods. Reduced construction of several other facilities accounts 

for the remaining decrease of $4 billion. 

The decrease is misleading for two reasons. First, we do not ac

count for the capital needed to extract natural gas and oil from Alaska 

and foreign countries for use in California. Capital for extracting oil 

would have to be expended during the first quinquenium. Alaskan LNG 

supplies level off by 1985 so this would add to the resource require

ments during the second quinquenium. Other LNG supplies would require 

capital mainly during the 1976-80 and 1986-90 periods with some require

ments during 1981-85. 

Second, the electricity supply schedule submitted by the utilities 

to CERCDC calls for 5200 ~nVe of electrical capacity added during 1995 

excluding the nuclear and coal-fired capacity scheduled for that year. 

Capital expenditure for these plants would take place entirely during 

1991-95. Much of the expenditure for the nuclear and coal-fired plants 

also occurs during this period. The reasons presented above for the tem

poral distribution of resource inputs should serve as a caution to the 

reader that the time trends of our results must not be extrapolated in 

any simple manner. 

Tables 14 and 15 display the capital and manpower resources re

quired for the construction of the various facilities in the three scen

arios. The requirements are broken down to show facilities actually 

constructed within California and the share of out-of-state facilities 

which would serve California's energy demand. For example, if it is 

estimated that California would use 50 percent of the power produced by 

an out-of-state facility, then it is assumed that 50 percent of the capi

tal required for such a facility would be forthcoming from California 

utilities. Although the manpower requirements have been broken down 



Scenario 1 

Energy Facilities 

Transport. Facilities 

TOTAL 

Scenario 2 

Energy Facilities 

Transport. Facili ties 

TOTAL 

Scenario 3 

Energy Facilities 

Transport. Facilities 

Conservation Programs 

TOTAL 

Construction 

1976-80 

---

6196 

3935 

10131 

14908 

4143 

19051 

5491 

3175 

757 
-~. 

9423 

(106 
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Table 14 

Capital Requirements 
1974 dollars) 

1981-85 

14358 

8186 

22544 

13941 

3771 

17712 

11813 

6470 

0 -_.-
18283 

1986-90 

8628 

6611 -_. -
15239 

13918 

4223 

18141 

8756 

6341 

0 

15097 

Total 
1976-90 

29182 

18732 
.~.~ 

47914 

42767 

12137 

54904 

26060 

15986 

757 -,--
42803 

Avg. AnnuCll 
Capital 

1945 

1249 

3194 

2851 

809 

3660 

1737 

1066 

50 

2853 

Cost 
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Table 15 

Manpower Requirements for Construction 
(Man-Years) 

1976-80 1981-85 1986-90 Total Avg. Man-Year 

Scenario 1 

Energy Facilities 56,200 113,900 

Transport.Facilities ~5, 700 89,500 

TOTAL 101,900 203,400 

Scenario 2 

Energy Facilities 209,000 180.800 

Transport.Facilities 49,500 43,400 

TOTAL 258,500 224,200 

Scenario 3 

Energy Facilities 49,100 101,000 

Transport. Facilities 37,700 71,800 

Conservation Programs 8,000 0 

TOTAL 94,800 172,800 

96,200 

81,700 

177 , 900 

161,700 

46,300 

208,000 

98,500 

78,500 

0 

177, 000 

1976-90 

266,300 

216,900 

483,200 

551,500 

139,200 

690,700 

248,600 

188,000 

8,000 

444,600 

17,750 

14,460 

32,210 

36,770 

9,280 

46,050 

16,570 

12,530 

530 

29,640 
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accordihg to the same proportions, the out-of-state figures here have 

no meaning in terms of employment generated within California; hence 

these are not included in the tables. 

Scenario 1 would require investment capital of $47.9 billion 

(1974 dollars) over the fifteen-year period ending in 1990, $29.1 bil

li6n dollars for energy facilities plus $18.7 billion for transporta

tion facilities. Scenario 2, which calls for extensive investment in 

solar space heating equipment, calls for total capital investment of 

$54.9 billion (1974 dollars) by 1990, $42.7 billion in energy facili

ties plus $12.1 billion in transportation facilities. 

Although the capital requirements of scenario 2 are 15 percent 

higher than scenario 1, the manpower requirements within California are 

some 43 percent higher (691 thousand man-years versus 483 thousand), 

This is accounted for primarily by the heavy emphasis on the construction 

and installation of solar space heating equipment, a relatively labor 

intensive activity as compared to the construction of conventional energy 

facilities. 

Scenario 3, which incorporates the three major conservation pro

grams described briefly above, and in detail in Appendices B, C, and D, 

requires total investment capital of $42.8 billion (1974 dollars) through 

1990, $26 billion for energy facility construction. $15.9 billion for 

transportation facilities, plus $0.8 billion for conservation activities. 

This represents a reduction of 11 percent in capital requirements when 

compared to scenario 1. Since manpower requirements are reduced by ap

proximately eight percent in scenario 3 (445 thousand man-years as 

against 483 thousand), it appears that the relative capital intensity of 

scenario 3 is higher than scenario 1. 

Looking at the time phasing of capital expenditures shown in Tables 

16 to 18, we find that in scenario 1 capital outlays more than double 

between the first and second five-year interval, and then fall by 32 

percent in the third. In scenario 2 the flow of capital remains at a 

uniformly high level over the fifteen-year period. In scenario 3 the 

pattern is similar to that of scenario 1, capital requirements rising by 

94 percent and then falling by 17 percent. 
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SOUTHERN AOUNTAIN 
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20 230 KVAC TRANSM ~SiON LINE I~80 MWf, 500 I'll) 
21 3'15 KllilIC TRANSMISSION LINE 960 MWf, 500 I'll) 

22 500 K\I/IC TRANSMISSION liNE (2080 MWf, 500 I'll) 
25 HfCTRlcnv DF:,TRIBUnON (13!.6 MWf) 

TRANSPORTATION fACiliTIES 

(l 1974 $) 

CAPITAL REQUIREMENT 

16-8!J 81-85 86-90 

99. 679. 270. 
3. l- I. 
I. 6. 0 

0 7. 0 
99. 368. 160. 

202. 106O. ~ 31 . 

CAPITAL REQUIREMENT 
--------------------------

16-80 81-85 86-90 

16O. ° 32. 
51 . 28. "". 
'I~ . 16 . 31 . 
5! . 13. 0 
59. 1'1. '18. 
I. 29. 30. 

0 18. 'I. 
n. 166. 85. 

10O. 600. 200. 
121. 2'12. 95. 

0 120. 0 
188. 359. 188. 

28 8. 5521. 5'118. 

3733. 7126 . 6180. 

Table 16 inucc! 

-years) 

MAN-POWiR REgUIR[~fNl 
------------------------

16-80 81-85 86-'11) 

125~ . 82~ I. 3331. 
0 0 () 

I 
15. 1"1. !J .jO. 

() 83. 0 0 
() 0 C I 

127O. tl399. 333 

MAN-PQWf~ REQUIR[MENT 
------------------------

76-80 81-185 86-9() 

0 0 0 
0 0 I) 

~50 165. 329. 
~~2 . 11 O. 0 
'536- 125. ~ 31 

31 . 332. 318. 
0 {) !l 

902. 2111. 1201. 
0 0 0 

1650 3185 . 126~ . 
0 1695. !l 

2312 . ~5 31. 2312. 
3932 I . 77136 . 15151. 

~5 71 o. 89~5 I . 811'11. 



(ERCOC SCENARIO 2 - CONSTRUCTION REQUIREMENT 

SOUTHERN MOUNTAIN 

25 SUI1FACf IoIESlfRN COAL MINE 16 MMT/V) 
33 SUI'FACE UI<M<IIUM MINE 11200 T()NS/O ORE) 
3'5 UHINIUM MilL 11000 TID CAE) 
%9 (CAL FIRED POWER PLANT-lOW BTU 1800 MWE) 
53 SULFUR 01 DE REMOVAL 1800 1'11011') 

CAlIF(lRNIII 

2 CFF~MCRE (lll PRrDueT rN-LrwER ~B Iq MB/D) 
'5 l('W-(;ACrlINE I'HINHV 1200 MS/O) 

II CN':HCH (lll IMPeRT ( 000 MB/D I 
1 CFF~HCRE Gas PRODUCTION-LOWER qB 150 MMCF/O) 

31l I.WR FUrl 1'.81'1(1' CN-N(l PU RfCYClEI600MTU/Y) q, fll-FIRED POWER PLANT I BOO MWE) 
55 WIND lU~BINf GfNERATr~ (4 MWF 1 
56 rrMBINfD CYCLE PCWER PLANT (400 MWf) 
51 Gil' TIJ~BINf POWER PLANT (133 MWf ) 
';9 tiGHT WlllfR PfACTl'R IlWR) (1100 MWE) 
~2 CAM' HV[)I<(,[U:f.TRIC p(lwn~ PLANT 1200 MWf) 
~3 P1JI'1PfD SH11<AGf (1000 I'lWf 1 
6~ GfflHfPMAl POWER C(lMPlf~ (200 MWfl 
(1.5 Crt AP '·PArf HEATING 130000 own LING' 1 

ENERGY FACiliTIES 

(1 1974 $) 
CAPITAL REQUIREMENT 

76-80 81-85 86-90 

"'4. '1'1. '1'1. 
1'1. 6. 0 
1. 0 7 . 

528. 188. 10'10. 
160. 201. 320. 

153. 10'16. 1'1 I. 

CAPITAL RfOUIREMfNT 

16-80 

166'1. 
'186. 

58. 
33. 

o 
80. 

o 
132 . 
238. 
828. 

o 
225 . 
76 I. 

9550. 

<; 1'5 '5 . 

81-S5 

1 36. 
G 

37 . 
l'f 3. 
'Is. 

11? . 
216. 
15 I. 
200. 

87 . 
81. 

232. 
11~6. 

86'12. 

12B9'5. 

Table 17 

86-90 

() 

o 
o 

3'10. 
G 
G 

10%. 
160. 
102. 

() 

86 . 
2B7. 

2880. 
1606. 

2507. 

(man-years) 
MAN-POWER REOUIREMENT 
------------------------

76 -80 81-85 86-90 

'il'l. '11'1. '11'4. 
277. 150. 0 

i 
113. 0 113. .j;>. 

598'1. 9023. 11875. ...... 
2083. 2688. '1167. i 

8871. 1227'1. 16568. 

M~N-POWER REQUIREMENT 
---------------------------
16-80 81-85 86-90 

1713. 5299. I) 

7988. 0 C 
626 . 35\). (; 

165. 197 . 1875. 
C 71 0 

2292 . 2258. 0 
0 951. '1603. 

137'5 . 1561 IH2. 
/'33. 1313. no. 

11291. 572. 0 
0 126'1. 1389. 

33~ \). 3'11'1 '1272 . 
3295. 1802. 12'100. 

1692'11. 1'533q 1 . 13'182'5 . 

2090n. 180163. 1617'16. 



CERCOC SCENARIO 2 - CONSTRUCTION REQUIREMENT 

SCU1HERN ~eUNTA!N 

9 I;AIll<OAO I ~O MiLES, SINGLE TR~CK) 
15 [('I'l TRUU (25 T) 
20 230 KWAC TRANSMISSION LINE I~BD MWE, 500 MI) 
22 SOD KVAC lRANSMISS ON LINE 12080 MWE, 500 MI) 
26 CONIIENTIONAl RAil 110,500 TON 1 

(Ill IF 01'1111 II 

rll TANKER 190,000 DWTl 
5 r It TANK TRUCK 19500 GAl ) 
6 FRvourT" PiPELINE 110 MB/D, 100 I'll) 
7 "~T 011 P PH !NE I ~o MB/D, 50 I'll) 
e FEF1NEC PRODVCTS BULK STATION (69 MB/D) 

17 GOS DISTR1RUT10N ,/I[IUTltS (50 MMSCF/O) 
19 LNG TANKER (2.6 !leF) 
20 230 KV~( TRAIII'·MI:",!rN LINE (~80 MWF, ,00 M ) 
?2 '5 00 K II AfT R A III SM IS:, I' N I.l N to (? G 8 0 MW F, 5 00 M I ) 
?, HtCTRlflTV 0 STRIRUHrN ( 3 .6 MWF) 

TRANSPDRTATION FACILITIFS 

(l 1974 $) 

CAPiTAL REQUIREMENT 

76-80 81-85 86-90 

PH. 197 . 278. 
2. I. I. 
e 0 0 

17. 0 Il. 
2!2. 230. 3~5 . 

371 . ~ 28. 6~ I. 

CAP TAL REQUIREMENT 
---------------------------
76 -80 81-85 86-90 

96 . 64. 6~ 

~() 39. 32 . 
28. 3! . 16. 
,3. 36. 0 
~! . 34. 3'4 . 
60. 113. 150. 

0 100. 100. 
95 . 29. 62. 

35 \1. 0 35 \1 . 
2999. 2897. 2665. 

3772. 3 3~ 3 . 3,82. 

Table 17 inued) 

(man-years) 
MAN-POWER REQUIREMENT 
------------------------

76 -80 81-85 86-90 

170 2~ 3~ . 3'13'1. i 
0 0 0 ..,. 
0 0 0 N 

2!" . 0 21~ . I 

0 G C 

91~ . 2'13'1. 36~ 8. 

MaN-POWER REQUIREMENT 
--------------------------
76-80 81-85 B6-9G 

{; 0 0 
0 0 () 

286. 329. 165. 
~ 7 I 30;> . f, 

J 75 . 312 312. 
80 I . 1 ~45 . 1979. 

0 {; {; 

12H. ~ 23. 2109. 
~5 J 1 {; ", J I . 

~1799. ~O60 37240. 

~ 9529 . ~ 3'1 1 "'" 336. 



CEAcoe SCENA~IO 3 - CONSTRUCTION ~EQUIREMENT 

SOU1~EAN MOUNTAIN 

2') SUAf44C[ WESHRI\I COAL (I> MMlIY) 
33 SURFACIE UIlANlU!'l !'liNE (I TONSIO ORE) 
35 IHHIl\llUl'I !'lill (1000 T 10 ORE) 
~~ C0Al fIRED P0WlER PlANT-l0W STU (800 MWE) 
53 SULfUR OIIDE AE!'lOVll IBOO !'lWE) 
'5Q liGHT WATER REACTOR IlWA) 1100 !'lWEI 

CALIFORNIA 

2 CHSHQAE OIL PRfHlUCTlON-lDWH ~8 (" 1'11110) 
5 lDW-GAS(llIIllE REF INfAV 1200 1'16/0) 
I ONSHORE OIL iMPORT 11000 MS/O) 

11 CffSHORf GIS PRODUCTION-LOWER "8 (50 MMCF/OI 
21 LIIIG IMP()IH (UQ5 MMCF 10) 
3B lWA FUEL FABRICATION-NO PU ~E(Vf,lE(600MTU/V) 

~7 fIt-FIRED POWER PLANT I BOO MWEI 
'<9 ('Al FIllED powH PUINT-lOW BTU (BOO MWE) 
53 SULFUR OXIDE REMOVAL 1800 MW E ) 
5S WIIliO TURBINE GENERATOR (" MWE) 
56 COMSINED CYCLE POWER PLANT ("aD MWE) 
51 GAS JUAB INE POWER PlAIliT ( 133 MWE ) 
58 Fun CELLS (26 MWF I 
59 LIGHT WAUR HACTOR (lWR) (liDO MWE) 
61 SOLAR POWER PLAIliT (IOOMWE) 
62 DAM + HV[)ROHE(lRIC POWER PLANT (200 MOlE) 
63 PUMPED STORAGE (I 000 MWE) 
6" GEOTHERMAL POWER COMpLEr 1200 MWE) 

ENERGY FACILITIES 

(1 1974 $) 

CAP TAL REQUIREMENT 

16-80 81-85 86-90 

() 20. 22. 
0 6l. 80. 
0 22. 32. 

103. ~82. 0 
~. 180. 0 

152. 117 . 0 

260. 883. ! 3~ . 

CAPiTAL REQUIREMENT 

76-80 

2008. 
661. 

37 . 
109. 

o 
31 . 

I~ 2. 
o 
o 
o 

156. 
70. 

B. 
] 17 J . 

o 
269. 

3" . 
522. 

'5 ? 31. 

81-85 

3992 . 
37~ . 

o 
~08. 
420. 
II. 

o 
8. 
o 
o 

273 . 
100. 
II! . 

%32. 
o 

271 . 
o 

330. 

10930. 

Tahle 8 

86-90 

1651. 
486. 

o 
23! . 

o 
II. 

o 
567. 
160. 
50. 
57. 

o 
o 

'5 I '5. 
26 
22. 
72. 

17~ . 

8622. 

(man-years) 
MAIII-POWER REOUIRE!'lENT 

---------------------------
16-80 81-85 tlS-'10 

.' 0 191. 206. 
0 1161. 1571. 
0 360 520 

IO'H . 5595. 0 
1>1. 232~ . 0 i 

1895. I1ld. 0 ~ 
IJ.l 

305 'II. 11400. 2298. i 

MAN-POWER REQUiAEME~T 
---------------------------
71>-80 8\-85 86-90 

9'119. 186!6 . 7689 
10952. '57! O. 1988. 

359. 0 0 
587. 2250. 1288. 

0 '5182. 0 
5~ 3. 167 . lOS. 

1871. C () 

!J ~ 7. 6~ 35 . 
C 0 2083. 
I) 0 220. 

1690. 2191 . ~"6. 
~80. 681. 0 

20. 281. {I 
16001. 5 98~ i. 69181. 

0 () 13'l. 
~ 326. ~054 . 381 

585 . 0 1008. 
22 70. 13" 3. 771. 

"9116. 100969. 985" 9. 



CEReoe SCEN~RIO 3 - CONSTRUCTION REQUIREMENT 

SOUTMERN MOUNTAIN 

, ~AllROAO I~O MilES, SiNGLE TRACK) 
1'5 (Clll nucl( 125 1) 
20 230 UAC TRANSI'IISSH1N LINE I'ISO I'1W[, 500 1'11) 
22 SOD I(VAC TRIII\ISI'1ISSiON LINE (2080 I'1Wf, 500 MI) 
26 CONVENTIONAL RAil (10,500 TON) 

CAliFORNil'l 

3 OIL 'INIER 190,000 OW,. 
'5 OIL 'INI( Hlue. ! 9500 GIll 
6 PRODUCTS PIPELINE 110 1'16/0, 100 1'1 
1 Mor Oil PiPELINE 1'10 1'18/0, 50 M ) 
8 RfFINED PRODUCTS BUll STATION 69 1118/0) 
'I IHlIlROAO! 40 MilES, SINGH TRIICI) 

10 (Dill TRIltIN 110,500 TON) 
11 GAS OISTRIBUl ON FACiliTIES 50 I'1MSCF/D) 
I 9 l NG TIl II/~ E R I 2 . 6 II C F ) 
20 230 KV~( TRANSMISS1CN liNE !~eo I'1WE, 500 1111; 
21 3~5 KVAC TRANSMISSI(lN LINE! '160 MWf, 500 MI) 
22 500 ~¥AC TRANSMISSION LINE 12080 MWE, 500 MI) 
25 ElHTRICllv DISTRII3IHION ! 131.6 I'1Wf) 

TRANSPORTATION FACiliTIES 

(1 1974 $) 

CAPITAL REQUIREMENT 

16-80 In-85 86-'10 

'16. 318. 213. 
3. I. 
I. 6. 0 

() T- O 
99. 165. 1!1 . 

19'1. 'i9l. 391. 

CAPITAL REgUIREI'1ENT 
--------------------------

76-80 81-85 86-'10 

128. 0 32. 
51. 25. ~ 

'I'!. 3. '1'1. 
15. 61. 0 
52. 16. 52. 

0 a 32. 
0 () 'I. 

71. 166. 85. 
0 100. ZOO. 

2'1" . 213. 95. 
0 0 120. 

56. 303. 188. 
2315. '1'185. 50'15. 

2916 . 5913 . 5'150. 

Table 13 inued) 

(man-years) 

~AH-POW[R RE~UIREMEHl 
------------------------
76-80 81-85 ®6-"/() 

1186. 3861. 3311 . 
! 0 0 0 .j:>. 

15. 7'1. 0 .j:>. 
0 @3. 0 ! 
0 0 0 

1202. "iOI',). 3377 . 

I'1AN-POWE~ REQU1RE~ENT 
---------------------------
16-80 81-85 86-',)0 

0 0 0 
0 () 0 

"i50. "i 3. '150. 
1'10. 522 . 0 
'In. 152. '173. 

0 0 "03. 
0 !) 0 

902. 2lII. 12!H. 
I) () () 

3338. 2162. 1266. 
0 !) 1695. 

!lOll. 3732. 2372. 
31612. 1>2"11'1. 10601. 

3H15. 717'16. 113'17'1. 
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The rise in capital requirements during the 1981-85 interval in 

scenario 1 can be traced to heavy outlays on: 

1) out-of-state facilities, particularly coal gasification 
plants,coal-fired power plants and natural gas production 
facilities 

2) increased offshore oil and gas production 

3) nuclear facilities 

4) LNG import facilities 

5) railroad facilities 

Investment in each of these facility types, with the exception of nuc

lear power plants, then falls during the subsequent five-year period 

.(see Table 16). Specifically the sharp drop in capital outlays during 

1985-90 is due to diminished expenditures for offshore oil production 

facilities since offshore oil production is expected to peak by 1990, 

and in smaller outlays for coal-related facilities including no outlays 

for construction of coal gasification plants during this period. 

The relatively uniform flow of capital requirements over time in 

scenario 2 masks certain shifts in the components which comprise the 

totals (see Table 17). Those facility types which call for diminishing 

investment outlays over the fifteen-year interval are: 

1) offshore oil production 

2) petroleum refining 

3) oil-fired generating capacity 

4) gas turbine generating capacity 

5) nuclear-fired generating capacity 

The facility types which absorb larger amounts of capital over succeed

ing five-year intervals are: 

1) offshore gas production 

2) wind-turbine generating capacity 

3) geothermal generating capacity 

The capital requirements of scenario 2 are dominated by the construction 

and installation of solar space heating equipment. These requirements 

amount to 60 percent of total capital required for the scenario. 

The time pattern of construction outlays under scenario 3 is simi

lar to scenario 1 (see Table 18). The Hlumping" of capital requirements 

during the second five-year interval is attributable, in general, to the 
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same list of facilities cited above for scenario 1. Scenario 3 comes in 

with lower capital requirements largely due to the 

1) omission of out-of-state coal gasification 

2) reduction in the need for new electricity distribution 
facilities, and 

3) omission of in-state coal-fired and nuclear facilities. 

Operation Requirements 

Tables 19 and 20 display resources required to operate the energy 

and transportation facilities called for by the three scenarios. These 

operations resource figures are not comprehensive. They include only 

the direct manpower, materials, and equipment required to operate the 

facilities which are on-line. Central management and staff activities 

are excluded, as are the costs of fuel inputs. Fuel requirements for 

the scenarios are discussed above. The data presented here are not de

signed to establish the full operating costs for the energy-related facil

ities, but rather to compare the more readily predictable costs of op

eration of the alternative energy system configurations. 

Table 19 indicates that scenarios 1 and 3 are very similar in 

their operating resource requirements, each requiring an average annual 

cost in 1974 dollars of approximately $1.6 billion. Scenario 2 comes 

in higher by approximately 16 percent, or an average annual difference 

of $250 million. This is largely due to the inclusion in scenario 2 of 

a large number of solar heating units. 

In terms of operating manpower requirements scenarios 1 and 3 

again are similar in their requirements. Scenario 1 calls for average 

annual operating manpower of 55,620 workers as against 54,450 workers 

for scenario 3. Scenario 2 requires 20,000 additional workers, which is 

36 percent higher than scenario 1. 

Since these figures for operating requirements do not include major 

items involved in operation (fuel and labor costs) it is not possible to 

make statements about the relative labor intensities of the operations 

phase of the alternative scenarios. We can note that the average annual 

employment generated by both construction and operation in each scenario 

run as follows: 
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Table 19 

Partial 0Eerating Costs 
(10 1974 $) 

1976-80 1981-85 1986-90 Total Avg. Cost 
1976-90 Per Year 

Scenario 1 

Energy Facilities 5,668 6,360 7,277 19,305 1,288 

Transport.Faci1ities 1,405 1,546 1,839 4,790 319 

TOTAL 7,073 7,906 9,116 24,095 1,607 

Scenario 2 

Energy Facilities 6,162 8,072 9,469 23,703 1,580 

Transport.Faci1ities 1,308 1,394 1,493 4,195 280 

TOTAL 7,470 9,466 10,962 27,898 1,860 

Scenario 3 

Energy Facilities 5,566 6,146 7,046 18,758 1,251 

Transport.Facilities 1,382 1,470 1,717 4,569 304 --
TOTAL 6,948 7,616 8,763 23,327 1,555 



Scenario 1 

Energy Facilities 

Transport.Facilities 

TOTAL 

Scenario 2 

Energy Facilities 

Transport,Facilities 

TOTAL 

Scenario 3 

Energy Facilities 

Transport. Facilities 

TOTAL 

-48-

Table 20 

Manpower Requirements for Operation 
(Man-Years) 

1976-80 1981-85 1986-90 

150,500 155,400 

109,300 119,100 

259,800 274,500 

163,900 

136,100 

300,000 

194,400 

103,900 

298,300 

150,000 

108,300 

258,300 

271,400 331,800 

111,300 118,300 

382,700 450,100 

153,200 

114,600 

267,800 

161,200 

129,500 

290,700 

Total 
1976-90 

469,800 

364,500 

834,300 

797,600 

333,500 

1,131,100 

464,400 

352,400 

816,800 

Avg.Man-year 
Per 

3L~20 

24,300 

55,620 

53,170 

22,230 

75,400 

30,960 

23,490 

54,450 
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Scenario 1 88,000 man-years 

Scenario 2 121,000 man-years 

Scenario 3 84,000 man-years 

The difference between the high and low manpower figures here is 37,000 

man-years. 

Indirect Impacts 

To gain a somewhat more complete assessment of the economic im

pacts of the alternative scenarios, we have linked the direct capital 

construction requirements derived from the Energy Supply Planning Model 

to a California Interindustry Model (see Appendix A for details of meth

odology). By doing this we are able to estimate the indirect impacts 

of construction expenditures on the various industrial sectors which 

make up the California economy. Furthermore, we are able to estimate 

and compare the overall contributions of each scenario to Gross State 

Product. 

Table 21 summarizes the direct and indirect contributions of the 

three scenarios to Gross State Product. The value added figures shown 

in this table represent payments to the various factors of production 

(wages, rent, interest and profits). As such they provide a measure of 

the economic services rendered by these factors. Gross State Product for 

any given period represents the sum of services rendered by all factors 

of production in the economy of the state during that period. Summing 

the value added figures for each scenario is a way of estimating the con

tribution of each scenario to the general level of economic activity in 

the state.* 

The estimates in Table 21 indicate the following average annual 

contributions to Gross State Product (1974 dollars): 

* We should note here that not all of the indirect economic impacts gen-
erated by the construction activity in each scenario is confined to the 
State of California. Some of the additional demand elicited by construct
ing facilities in California will be met by the importation of products 
produced elsewhere in the United States. Estimates of the proportion of 
additional demand in each sector which would be met from California pro
duction have been based on proportions observed in the 1972 input-output 
data. 
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Table 21 

Direct and Indirect Contributions of Construction Activity 
to California Gross State Product 

1976-80 

Scenario 1 

Direct Value Added 2,760 

Indirect Value Added 3,533 

TOTAL 6,293 

Scenario 2 

Direct Value Added 6,405 

Indirect Value Added 6,164 

TOTAL 12,569 

Scenario 3 

Direct Value Added 2,289 

Indirect Value Added . 3,039 

Conservation Programs 709 Total Value Added --
TOTAL 6,037 

006 1974 $) 

1981-85 

5,530 

6,976 

12,506 

5,745 

5,585 

11,330 

4,834 

6,233 

57 

11,124 

1986-90 

4,641 

5,251 

9,892 

5,435 

5,651 

11,085 

4,594 

5,219 

57 

9,870 

Total 
1976-90 

12,931 

15,760 

28,691 

17,585 

17,400 

34,984 

11,717 

14,491 

823 

27,031 

Avg. Per 
Year 

862 

1,050 

1,912 

1,172 

1,160 

2,332 

718 

966 

55 

1,802 



Scenario 1 

Scenario 2 
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$1.91 billion 

$2.33 billion 

Scenario 3 $1.80 billion 

While scenarios 1 and 3 come within $110 million of each other, scen

ario 2 is roughly 21 percent higher. However, the $400 million differ

ence between scenario 2 and scenario 1 must be viewed against a 

Gross State Product which in 1974 was running at an annual rate of $157 

billion. With the continued growth in Gross State Product, we are look

ing at something less than 0.25 percent as a possible net contribution 

of scenario 2 construction activity. 

It is of some interest to compare the ratios of total (direct plus 

indirect) value added to direct value added among the scenarios. These 

ratios are: 

Scenario 1 

Scenario 2 

Scenario 3 

2.22 

1.99 

2.25 

The explanation for the low ratio exhibited by scenario 2 lies in the 

heavy outlays for solar space heating equipment. Such equipment is less 

capital intensive, and therefore sets off a smaller chain of indirect 

effects than would be set off by equivalent outlays for the equipment 

going into a power plant. 

Table 22 presents the indirect manpower requirements called for 

by the construction activity postulated in each of the scenarios. The 

indirect employment impacts in California of scenarios 1 and 3 differ by 

only five percent, while scenario 2 would have a ten percent greater im

pact on indirect employment in California than scenario 1. The differ

ential impact on employment of scenario 2 is much stronger in terms of 

direct employment requirements (42 percent) than it is in terms of indi

rect employment. The reason for this, once again, lies in the heavy em

phasis in scenario 2 on the construction and installation of solar space 

heating equipment. The production of such equipment (in contrast to its 

installation) is relatively less labor intensive than is the production 

of the equipment and components which comprise conventional energy faci

lities. 
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Table 22 

Indirect Manpower Requirements 
(Man·~Years) 

1976-80 1981-85 1986-90 Total Avg. Annual 

Scenario 1 189,000 374,600 282,800 846,410 56,400 

Scenario 2 330,700 298,800 302,700 932,200 62,100 

Scenario 3 180,600 337,600 284,200 802,400 53,493 

Energy & Transport. 162,600 334,600 281,200 778,400 51,893 
Facilities 

Conservation 18,000 3,000 3,000 24,000 1,600 
Programs 
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Induced Effects 

Each of the three scenarios contributes a different amount to 

personal income in the state. We have not traced the effects of these 

differences on the California economy. Any increase in personal in

come will be spent in part on consumer goods and services, which in turn 

will induce additional employment and income. To calculate these induced 

impacts one has to make assumptions about 1) the change in the level of 

personal income due to a change in output in each sector; 2) the result-

ing shift in income distribution; and 3) the elasticity of demand for 

the output of each sector by each income class. 

A complete analysis of this problem is beyond the scope of this 

study. However, based on the assumption that changes in income and con

sumption are proportional to their current distributions, it has been 

estimated,ll that for California in 1972 the induced income and employ

ment represents an additional 80 percent change in direct plus indirect 

values. We do not use this figure in assessing our results; we present 

it to show that this "multiplier" effect can magnify the differences 

between scenarios. For this reason, and because of uncertainties in the 

data and projections used in discussing our results, we will emphasize 

their relative rather than their absolute values. 
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DISCUSSION 

In considering the results we have just presented. it is instruc

tive to place the difference among the scenarios in the context of a 

larger energy and economic picture for California over the next 15 to 

20 years. 

The cumulative twenty-year fuel requirements for the five major 

non-renewable resources (including geothermal energy) have been calcula

ted. A comparison of scenarios 1 and 3 shows a net cumulative savings 

for scenario 3 of 6.0 X 1015 BTU (out of a non-renewable resource re-
15 quirement for scenario 1 of 147.6 X 10 BTU). or about a four percent 

savings. A more detailed look at the components of these savings shows 

about a six percent savings in overall natural gas consumption or the 
. f 2 14 f 3. h .. d If eqUIvalent 0 nearly X 10 t In t at twenty-year tIme perlo . 

one accounts for SNG savings as coal (input energy), then there will be 
6 a 42 percent decrease in coal usage, equal to 140 X 10 short tons of 

6 coal. Finally there is a one percent oil savings, or nearly 100 X 10 

barrels of crude oil, and an eight percent savings in nuclear fuel re

quirements, or 3.5 X 106 short tons of uranium ore. 

Comparing scenarios 1 and 2, more dramatic changes in the use of 

non-renewable energy resources are evident. In part this is due to lower 

overall primary energy flow, and in part because there are major shifts 

to alternative technologies, including a substitution of geothermal elec

trical generation for electricity supplied by nuclear fission. Overall, 

the use of non-renewable resources in scenario 2 is 11 percent less than 

in scenario 1. The largest portion of this is due to a 66 percent reduc

tion in nuclear fuel requirements (27.7 X 10
6 

tons of uranium ore); a 31 

percent change in natural gas (equivalent to ~9 X 1012 ft 3); and a five 

percent drop in crude oil flow (nearly 800 X 106 bbls). Including coal 

used for SNG, scenario 2 shows a decrease in coal use by five percent,or 

approximately 17 X 106 short tons. The greater use of geothermal re

sources in this scenario increases the geothermal requirements by 190 per

cent over scenario 1. 

We now place the variation among scenarios in the context of the 

California economy. In 1974, personal income in California is estimated 

to have been $125.4 billion. l3 Over the past quarter century, personal 

income on the national level has typically been about 0.80 of Gross National 
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Product" Applying this factor to California personal income yields an 

estimated 1974 Gross State Product of $157 billion. Gross Private Capi

tal Formation on the national level over the past quarter century has 

averaged roughly 16 percent of GNP.14 Assuming this relationship to hold 

for California, we estimate 1974 capital formation in California to have 

been approximately $25 billion. 

Scenario 2 has the largest capital requirements of our three scen

arios: $54.9 billion over the fifteen years from 1976 through 1990. This 

averages to $3.7 billion (1974 dollars) per year. Capital requirements 

for the energy industry in this scenario therefore average 14 percent of 1974 

outlays for total private capital formation in California. But it is 

perhaps more pertinent to examine the variation in capital requirements 

between two scenarios, as this would indicate the impact of following one 

path rather than another. The difference in total capital requirements 

for scenarios 1 and 2 amounts to $7.0 billion (1974 dollars). Averaged 

over 15 years the annual difference comes to approximately $0.5 billion, 

or 2 percent of the 1974 figure for gross private capital formation in 

California. This change does increase the new capital requirements for 

the energy sector by 15 percent. 

A similar comparison of scenarios 1 and 3 shows a difference in 

capital requirements of $5.1 billion (1974 dollars), or an average of 

$0.3 billion dollars annually. This is 1.4 percent of the 1974 California 

gross private capital formation. However, this difference reduces the 

new capital requirements for the energy sector by 11 percent. 

These figures indicate the limited significance, as regards overall 

capital needs, of the choices we have posited. The conservation options 

used in developing scenario 3 are limited to three measures; a more com

plete set of conservation measures might show a larger impact on capital 

requirements. Nevertheless, if capital scarcities should develop at a 

time when the capital requirements in the energy sector are large, any 

reduction in these requirements due to energy conservation strategies 

would be important. 

A summary of manpower requirements is given in Table 23. The aver

age number of persons who would be employed per year under the scenarios 

we have analyzed should be viewed against the total California labor 



Table 23 

Total Requirements (Man-years) 

Construct Construction & 0Eeration Direct + Indirect 

Total Persons Total Persons Average Total Persons Average 
1976-1990 Per Year 1976-1990 Per Year 1976-1990 Per 

I 
VI 
0-

Scenario 1 483,200 32,210 1,317,500 87,833 2,163,910 144,260 I 

2 690,700 46,050 1,821,800 121 ,453 2,754,000 183,600 

Scenario 3 444,600 29,640 1,261,400 84,093 2,063,800 137,586 

./ 
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force, which was just under 9.5 mii1ion in 1975. 15 These figures indicate 

that direct and indirect manpower requirements, even under scenario 2 

would absorb less than two percent of the labor force. More pertinent, 

the difference in average number of persons per year required in scen

arios 1 and 2 amounts to 39,000 (see Table 23). This represents less than 

0.5 percent of the 1975 California labor force. 

Of course, one might argue that it is more significant to compare 

the construction manpower requirements with the labor force engaged in 

construction activities. Employment in the construction sector in Cali

fornia has been averaging just over 300,000 during the past decade.
16 

.With 

this as a reference point, the maximum difference in construction employ

ment generated by the alternative scenarios amounts to five percent of 

average annual employment in construction activities in California. 

It is also of interest to compare the incremental manpower require

ments associated with scenario 2 with the number of new jobs which the 

California economy may be called upon to create over the next fifteen 

years. To illustrate this, we note that over the years 196& to 1974, non

agricultural employment in the state increased on the average by 2I0,OnO 

per year. IS If this figure is typical of the employment growth over the 

next fifteen years, the average additional 39,000 persons per year ah

sorbed by scenario 2 over scenario 1 would make a considerable contribution 

toward meeting this growth. While scenario 2 appears to have some positive 

employment impacts, it also has a lower primary energy requirement than 

scenario 1. One should note our earlier caveat that the aggregated resource 

requirements are calculated only to 1990. During the next five-year period 

some of these employment differences could decrease. 

A comparison of scenarios 1 and 3 shows that the average annual 

employment levels stay very nearly the same, while the energy requirements 

for scenario 3 are lower. If one compares the savings in new energy de

mand over this fifteen-year period (that is, the additional energy each 

scenario requires beyond present levels) with the direct manpower and in

direct manpower required for construction in the energy sector, the energy 

required in scenario 3 drops by nearly 17 percent, while the demand for 

direct and indirect construction manpower decreases by about six percent. 
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Placed in the context of whether changes in the energy supply

demand picture have employment impacts, our results indicate that there 

are alternative paths with both lower energy flows and nearly the same 

or even greater employment levels. These relative statewide employment 

impacts should be considered as one of the tradeoffs in setting energy 

policy. However, other important issues, which we have not investigated 

in this report, such as environmental degradation, radioactive waste dis

posal, health and safety effects, future resource availability, and re

liability play important roles. 

If it is desirable to put idle manpower to work, then this problem 

should be attacked in terms of which alternative uses of the manpower 

would yield the greatest benefit to the commun~ty. To follow a path of 

least resistance and expand anyone sector such as the energy sector, 

merely because it can generate additional employment would dwarf the ap

parent short-term gain through job creation. In sum, the problem of 

generating employment is one which should be tackled on its own, and not 

be confused with other significant issues. 
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IV. IMPACTS OF ALTERNATIVE INVESTMENT STRATEGIES 

The future dimensions of the California energy system depend in 

some degree upon the nature and extent of various energy conservation 

programs. The energy saving aspect of these conserVation measures can 

contribute directly to the alleviation of pressure on the supply of 

energy resources. In this section we present some preliminary esti

mates of 1) the potential savings in energy from selected conserva

tion programs, 2) the amount of electrical generating capacity obviated 

by the implementation of these conservation programs, and 3) the magni

tude of certain economic impacts with and without the implementation of 

the conservation programs. The full impacts of alternative energy 

paths go beyond the issues considered here. They involve questions of 

reliability, risk, health and safety effects,and life styles which are 

beyond the scope of the study reported here. 

Pressures on conventional energy resources can also be alleviated 

by bringing on line certain "new" or "nonconventional" electricity gen

erating technologies. For selected new technologies we have attempted 

to derive preliminary estimates of the major economic impacts entailed 

in incorporating these technologies into California's energy supply sys

tem. These data are shown in the appendices. 

In advance of actual operating experience reliable estimates of 

potential energy savings and costs associated with energy conservation 

measures and new energy technOlogies are difficult to obtain. Our choice 

of which measures and technologies to include has therefore been governed 

in part by data constraints. The estimates must be considered tentative 

and subject to revision. The analysis should therefore be viewed as an 

initial effort to examine the magnitude of some of the tradeoffs which 

may be involved in choosing one path rather than another. 

The third scenario analyzed in Chapter III incorporates three con

servation programs. The total resource requirements calculated for scen

arlO 3 are the outcome of the interaction of these conservation programs 

with the energy production and transportation facilities specified to com

plete the California energy system. The results obtained enable compre

hensive comparisons to be made among the three scenarios, two of which do 

not include the conservation programs. 
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In this section we examine each conservation program individual 

in order to isolate some of the specific tradeoffs involved in their 

implementation. 

CONSERVATION PROGRAMS 

are: 

The three energy conservation programs which we have considered 

1. construction of "solar tempered,lt or "passive solar" housing; 

2. delamping of fluorescent lighting fixtures in commerical 
buildings; 

3. retrofitting of ceilings in the existing housing stock with 
insulating materials. 

For the first of these measures we consider a program for the building of 

"solar tempered" or "passive solar" housing. A solar tempered house is 

one whose orientation, insulation and glazing are designed to take maxi

mum advantage of solar heat gain in winter and to minimize solar heat 

gain in summer. We have hypothesized a program in which all new con-

struction of single and multifamily residential units meet the require

ments of passive solar housing. These requirements are summarized in 

Appendix B. For delamping we have hypothesized a five-year program in 

which a portion of fluorescent tubes are replaced by Phantom™ tubes in 

order to reduce energy consumption for lighting. The details of this 

delamping program are described in Appendix C. The retrofit insulation 

program would result in the upgrading of the ceiling insulation to an 

R-19 standard in approximately 4.5 million residential housing units. 

Once again, we assume a five-year period for completion of this program. 

Details are spelled out in Appendix D. 

Cost and manpower data for the conservation programs as well as 

for selected energy facilities are presented in Table 24. In the 

case of the delamping program we have not regarded as net additional costs 

the cost of producing and installing Phantom™ tubes. If a delamping 

program of the scope envisaged were undertaken, it is likely that the 

costs would be comparable to the costs of producing and installing stan

dard fluorescent tubes. As a first approximation it appears reasonable 

to regard the production of Phantom™ tubes as a substitute for that of 



Table 24 

Comparison of Economic s of Alternative Investments 

Construction Annual Operations 

Investment Capital Direct Indirect Indirect 
~ost (l (man-years) Value Added 

(10 $ 1974) (man-years) (man-years) 11 1974) 

Nuclear LWR 460 6250 8800 5.8 112 164.5 
(HOD 

Coal-fired 260 2970 5700 3.8 125 104.4 i 
Q\ 
1-' 
i 

Gas turbines 17 120 330 0.3 7 6.5 
(133 

Coal Gasification 750 10780 17100 7.5 590 310.1 
(250XI06ft 3/day SNG) 

De 0 0 0 0 0 0.0 

Retrofit Insulation 756 8000 15000 0 0 300.0 

Passive Solar 
(each 5 years) 

0 0 3000 0 0 57.0 
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standard flubrescent tubes, with no significant additional costs entailed. 

We also assume that delamping would take place during routine replacement 

of existing fluorescent tubes, hence would entail no additional cost. 

In the case of the retrofit insulation program, we have assumed the 

insulating material to be fiberglas. Estimates are given for the cost of 

the insulation, the associated value added (largely wages) and the man

power requirements for installation. 

Our figures indicate that a passive solar housing program such as 

we have assumed would be without net additional capital costs. This is 

due to the fact that the cost of the additional materials going. into the 

construction of passive solar housing would be offset by a reduction in 

the sizes, and therefore the costs, of heating and air conditioning units 

necessary to maintain a given temperature in the dwelling. Although we 

expect no increase in the direct labor for constructing passive solar 

houses, the indirect effects of materials purchases would result in a 

net increase in employment. This stems from the fact that the produc

tion of the additional housing materials is more labor intensive than the 

production of heaters and air conditioners. 

The implementation of these conservation programs would, other 

things remaining constant, result in reduced electricity and natural gas 

consumption, and consequently in a somewhat smaller future generating 

capacity than would otherwise be needed. Table 25 presents our estimates 

of the resulting energy savings and reductions in capacity. We estimate 

that by 1981 the required base load generating capacity could be reduced 

by as much as 3080 MVve, and the peak load capacity by as much as 1400 HWe. 

For each subsequent five-year period the peak load capacity could be re

duced by an additional 1400 MWe. This would be accompanied by a fuel 

savings of 320 X 1012 BTU over the first five years, 1010 X 1012 BTU over 

the first ten years, and 1800 X 1012 BTU over the first IS years. 

In addition to these savings of fuels in electricity generation, 

we find that because 'of better insulation there would be large savings in 

natural gas for space heating. 

of natural gas would be reduced 

by a total of 900 X 1012 BTU by 

1012 BTU by the end of 1991. 

We estimate that cumulative consumption 

by 287 X 1012 BTU between 1977 and 1981, 

the end of 1986, and by a total of 1590 X 



Table 25 

Estimates of Energy Savings and Capacity Reduction 

Cumu1ati ve Energr Savings~ ______ 

Natural Gas ( 012 E1ectrici ty (l 
to 1981 to 1986 to 1991 to 1981 to 1986 to 1991 

0 0 0 26.2 78.7 131.3 

Retrofit Insu1at 248 745 242 1.1 3.3 5.S 

Passive Solar Housing
C 

39 15S 349 4.8 19.2 43.1 

Total 287 900 1591 32.1 101.2 179.9 

a. Base load. 

b. Peak load. 

in 
Generat 
to 1981 to 1986 

3080a 

o o o 

14 

c. These programs, taken together, gas equivalent to the ected from two synthetic 
natural gas plants al ft 3/yr). 

ij 

(J\ 

V> , 

/>:../'. 
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ENERGY FACILITY ALTERNATIVES 

To assess more fully the impact of these conservation measures 

it is necessary now to examine some of the consequences arising from 

the reduction in required electricity generating capacity. Table 25 

indicates that the estimated savings in base load generating capacity 

from a delamping program would be 3080 ~Ve. This is equivalent to two 

1100 MWe nuclear facilities at a capital cost of $460 million each and 

one coal-fired plant at $240 million, for a total of $1.2 billion (1974 
* dollars). The construction of nuclear facilities is estimated to take 

place over a nine-year period, while for a coal-fired facility the per

iod is five years. Accompanying these construction outlays would be 

construction manpower requirements of 12,500 man-years for the nuclear 

facilities and 2970 man-years for the coal-fired facility. Indirect 

manpower requirements would amount to 17,600 man-years for the nuclear 

plants and 5700 man-years for the coal-fired plant. In their operating 

phase, the two nuclear plants would require $11.6 million (1974 dollars) 

annually and 224 man-years. The coal plant would require $3.8 million 

(1974 dollars) annually and 125 man-years. 

Since the delamping program requires no additional cost, omitting 

the construction of the three power plants would reduce the demand for 

investment capital by $1.2 billion. This would be accompanied by a re

duction in the demand for labor by 39,000 man-years. 

As for the passive solar housing program, the potential savings of 

generating capacity are in peak load capacity. Table 25 shows that this 

program would eliminate the need for 1400 MWe peak load capacity for 

each five-year period. (See Appendix B for details of how we arrived at 

this estimate.) 

In order to assess the impact of the implementation of this pro

gram we need to examine the cost estimates for the construction of peak 

load electricity generating capacity. For this purpose we choose cost 

* These figures do not include owners! costs. For nuclear facilities these 
have been estimated to run as high as 40 percent of capital costs; for 
coal-fired plants, 25 percent. The conservation measures we have con
sidered do not involve owners I costs of comparable magnitudes. Therefore, 
our estimates of capital savings through implementation of these programs 
are understated. 
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estimates for gas turbine facilities. According to our data base, the 

construction costs for a 133 ~fiVe gas turbine facility are $17 million 

(1974 dollars) spread over a two-and-a-half year construction period. 

(Owners' costs, in this case, are estimated to be an additional 10 per

cent.) The full implementation of the passive solar housing program 

which we have postulated would eliminate the need for ten such facili

ties by 1981, an an additional ten facilities for each subsequent five

year period. This would free investment capital of approximately $170 mil

lion (1974 dollars) by 1981 and a total of $510 million by 1991. These 

thirty plants would require 39 X 1012 BTU of fuel, 204 man-years of 

labor and $6.9 million (1974 dollars) annually for their operation after 

1991. 

Table 24 shows that a single gas turbine facility of 133 MWe capa

city requires 120 man-years of labor to construct. The indirect labor 

required by the materials embodied in such a facility is estimated to 

be 330 man-years. This brings total manpower called for by each new 

gas turbine plant to 450 man-years. If we postulate, as explained above, 

ten facilities to meet the additional peak load demand between 1977 and 

1981, we arrive at a total manpower requirement of 4500 man-years over 

this interval. In the subsequent five-year intervals equal amounts 

would be required. 

We now examine the manpower requirements for the two alternatives. 

On the level of direct labor requirements we have assumed that no addi

tional manpower would be called for in the actual construction of passive 

solar housing beyond that which would have been employed in constructing 

an equivalent amount of conventional housing. However, the indirect man

power required for the manufacture of the additional materials is esti

mated to be 3000 man-years between 1977 and 1981 and an additional 3000 

man-years for each subsequent period. 

To summarize, our estimates indicate that over the IS-year inter

val 1977 to 1991, 13, sao man-years of labor and $510 million of capi tal 

would be released by reduced construction of gas turbines. Offsetting 

this would be 9000 man-years of labor at no additional capital cost for 

the passive solar housing program. 
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Both the passive solar housing and the retrofit insulation pro

grams result in savings of natural gas (see Table 25). The cumulative 

savings are large enough to remove the need for two SNG plants which 

would be located outside California. The cancellation of these plants 

would release $1.5 billion (1974 dollars) of capital outlays and would 

eliminate 56,000 man-years of labor. The annual operating requirements 

for the two plants amount to $15 million and 1000 man-years. The coal 

input to these plants is 55 X 10
3 

tons/day. 

The retrofit insulation program, which provides the larger por

tion of the gas savings, requires a capital outlay of $760 million (1974 

dollars) and employs 8000 man-years of labor in the state. Contrasting 

these alternatives, we see that implementing this conservation program 

leads to increased capital expenditures and employment within California, 

whereas building the SNG plants leads to increased out-of-state invest

ment and employment. Furthermore, the California economy would benefit 

from the indirect impacts of the retrofit insulation program. 

DISCUSSION 

While the arithmetic comparisons presented above may seem rela

tively straightforward, the overall impact on the level of economic 

activity of pursuing a conservation program as against constructing and 

operating a conventional energy facility is by no means straightforward. 

Obviating the need for a power plant or an SNG facility means that cer

tain amounts of capital and manpower will be available for investment 

in other sectors of the economy. Whether or not these resources are 

absorbed elsewhere depends on the level of demand for capi~al goods, 

which, of course, is dependent upon the level of aggregate demand. The 

impact of investment differs in a slack economy compared to one in which 

resources are fully employed. One cannot, therefore, make a statement 

~ priori as to what the overall economic impacts of undertaking, or not 

undertaking, a particular investment project are apt to be. 

The problem is further complicated by the fact that capital and 

labor are combined in varying proportions in different uses, i.e., some 
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avenues of investment are more labor intensive (less capital inten

sive) than others. High levels of unemployment combined with relative 

tightness in capital markets indicate that, other things remaining 

the same, there are grounds for preferring more labor intensive avenues 

of investment. 

The conservation measures we examined would not increase the de

mand for labor as much as the power plant construction that would be 

displaced by these measures. This does not necessarily imply that 

unemployment will increase in California as a result of energy conserva

tion. First, the labor requirements for other conservation measures may 

be greater or less than the requirements for those measures we have con

sidered. Second, a projection of the labor required for construction 

does not imply that an equivalent number of workers are available for 

employment. If, however, unemployment exists, the financial and real 

resources that would have been used for power plant construction might 

be channeled to other sectors of the California economy. This in turn 

would stimulate income and employment. Expansion in these sectors most 

probably would involve new construction, so the demand for those occu

pations directly involved in construction would rise. As 80 percent 

of the industries are more labor intensive than the energy industries 

in terms of operation, there appear to be opportunities for net employ

ment gains (see Chapter II). 

We have discussed the impacts from obviating power plants in the 

the most direct terms possible~the construction, maintenance, and 

fuel requirements. There Rre, however, other significant savings such 

as the land that need not be set aside for power plant sites, distribu

tion facilities and transmission lines, the lower demand for water, and 

the reduction in pollutant emissions and radioactive wastes from extrac

tion and generation facilities. 
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LIMITATIONS OF THE STUDY 

There are a number of limitations that the reader should bear in 

mind when interpreting the data and conclusions from this report. The 

study is focused on the economic impacts of alternative plans for energy 

facilities construction and operation. We do not examine energy use in 

the California economy, nor do we trace the impacts of changes in energy 

supply to other sectors in the economy. 

In both models there are assumptions of linearity that represent 

abstractions from the way the economy actually functions. In the Cali

fornia Energy Supply Model, used to estimate direct economic impacts, the 

materials and manpower data for the energy facilities pertain to typical 

or "nominal" facilities. Thus there is no allowance for scaling construc

tion and operation requirements to match varying plant sizes. 

In the input-output model used to estimate indirect economic im

pacts, inputs scale linearly with outputs. By using the same model over 

the fifteen-year period we do not take into account any structural changes 

that might take place in the economy. A fixed structural relationship 

may be realistic in the short run, but in the long run the input mix may 

change for a variety of reasons (for example, the turnover of capital 

stock). Therefore, the assumptions of fixed input-output relationships 

is a limitation when making long-range projections. Moreover, the inputs 

and outputs are assumed to increase enough to satisfy the final demands. 

Thus capacity constraints are not accounted for in this model. 

Another set of limitations concerns the temporal, spatial, and 

systemic bounds we assumed. The fifteen-year time horizon is attributable 

to the 1995 cut-off of the utilities' projections. Furthermore, the util

ities' plans call for large additions to capacity in 1995, the final year 

included in our scenarios. This scheduling, combined with the fact that 

many of the facilities are large, discrete units, leads to fluctuations in 

the time distribution of construction requirements. It also implies that 

significant portions of construction will take place beyond our assumed 

time horizon. 

The California Energy Supply Model simulates energy development in 

California and the Southern Mountain Region. Therefore we do not account 

for the capital and manpower needed to uroduce Alaskan or imported oil and 
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gas. Moreover, we do not know whether the indirect economic impacts 

occur in or out of state. We ~ave assumed that the same fraction of 

total output by sector will be produced in-state as in 1972. 

Our analysis of alternative investment strategies requires the 

drawing of boundaries within which this partial analysis is performed. 

Where these boundaries are drawn with regard to indirect impacts, fuel 

and capacity savings, appliance size reduction, etc. might effect the 

results. 

Several important data limitations should be noted. Most of the 

data for characterizing the facilities in the energy supply model were 

obtained from the Bechtel Corporation. These data were developed in 

1974 and hence reflect the engineering estimates available at that time. 

The accuracy of the data is estimated to range from ± ten percent to 

! fifty percent. For new energy technologies, the data are even less 

reliable. They pertain to proposed facilities or represent extrapola

tions from small-scale existing facilities. 

Our analysis of the potential impacts of energy conservation meas

ures is based on a series of assumptions about the magnitude of these 

measures and the potential for energy and capacity savings. Due to the 

paucity of data, in some cases these assumptions are tantamount to educat

ed guesses. For example, we did not estimate implementation levels. 

Rather we assumed as extensive an implementation level as possible given 

the existing stock of residential and commercial buildings and the pro

jected growth rate of new residences. Furthermore, as we consider only 

three conservation measures, the impacts estimated in scenario 3 should 

not be viewed as the impacts from a full-scale energy conservation program. 

We have assumed a "typical" dwelling in calculating material require

ments and energy savings. The savings were calculated with computer simu

lation models that have not been fully verified. These savings then must 

be translated into capacity savings. To make this translation both a 

method and data are needed. To date there appears to be no standard 

methodology for making this calculation. Also, data regarding the contri

bution by end use to peak or base load power demand are unavailable. There

fore our capacity savings estimates should be regarded only as approxima

tions. 
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APPENDIX A 

METHODOLOGIES AND MODELS FOR ESTIf~TING ECONOMIC IMPACTS 

ESTIMATION OF DIRECT U1PACTS 

A California Energy Model was developed to estimate the direct 
* impacts of construction and operation of energy and related trans-

portation faci Ii ties. This model is based on the data developed for 

the Energy Supply Planning Model by the Bechtel Corporation.} Data 

for nonconventional facilities were acquired and developed at LBL. 

The indirect economic impacts were estimated using a California input

output table. This table has 334 sectors, reflecting the California 

interindustry structure for 1972. 

The California Energy Supply Model consists of several sub

models, shown as circles in Fig. A-I. These submodels allow the ex

ploration of energy supply options to California. The model converts 

a future fuel and electricity supply mix into a yearly schedule of elec

tric generation, fuel production, and transportation facilities. It 

will also calculate the set of direct resources and pollutant emissions 

associated with the construction and operation of these facilities for 

each year. The sequence proceeds as follows: 

* 

Inputs: 

• Annual schedules are specified for i) gas demand, ii) oil 
demand, iii) electrical generating capacity, and iv) non
conventional energy supply facilities. 

• Gas and oil supply constraints and characteristics are also 
specified. 

Calculations Performed Model 

• The computer program then calculates the necessary energy 
facility construction schedules and the fuel flows required 
for these facilities. 

• These fuel flows are then converted into transportation 
facility schedules. 

Direct impacts include all impacts arIsIng directly out of the con-
struction and operation of any facility. Indirect impacts include 
impacts due to other activities related to the construction and op
eration of that facility. For example, the manpower required to con
struct a power plant would be a direct requirement whereas the man
power required to make steel used in constructing the power plant 
would be an indirect requirement. 
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Annual schedules for 
I) gas demond 
Ii} oJ! demand 
iii) electricol generating capoClty 
iv) nanconventional facilities 

Output - Energy facilities 
schedules: Number of power 
plants a related energy facility 
requirements by: 

Type 
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Fino I Outputs· 

Environmental residuals, 
by: 

Facility type 
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Year 

XBL 763-5273A 

California Energy Supply Model 
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Model Outputs 

• The program next calculates the capital, manpower and 
equipment required to construct and operate these faci
lities. 

• A separate program can compute the environmental pollu
tants emitted by these facilities. 

Output Format 

• Finally the output from the two previous steps is reas
sembled and printed in a tabular and graphical format. 

Although the model is capable of calculating pollutant emissions 

for all facilities, for the purposes of this study pollutant emissions 

due only to power plants were estimated. These are described in de

tail in a separate report. 

Fuel Chains and Input Data for the Model 

* As noted in Table 6, the inputs to an energy scenario must be 

spelled out in detail. Fuel and energy flows into California are shown 

schematically in Fig. A-2, with basic facilities and the interlinking 

flows indicated. These links represent both present and potential flows 

for meeting California energy requirements. Table A-I lists these faci

lities and the resources and manpower required for their construction 

and operation. 

Gas Supply 

Crude oil and natural gas form the bulk of energy supplied to Cali

fornia. Natural gas for California at present comes from California, 

Texas, the Rocky Mountain states and Canada. As existing onshore sources 

are depleted, additional gas supplies are expected to come from Alaska, 

Indonesia and offshore wells. Table 8 shows a list of gas supply sources 

and their expected production for each scenario. Imported natural gas 

will be transported to California as liquefied natural gas (LNG) in 

tankers. Alaskan gas, either from the North Slope or Cook Inlet, will 

come to California either as LNG or by pipeline. Significant quantities 

* The table numbers without the prefix A refer to tables in the main text. 
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SCHEMATIC CALIFORNIA ENERGY SUPPLY SYSTEM 
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IN-STATE 
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Facilities 

I. ENERGY fACILITIES 

I. Onshore oil production 

2. Offshore oil production 

3. Low-gasoline refiner 

4. Onshore oil import 

S. Onshore gas production 

6. Offshore gas production 

7. LNG import terminal 

8. Surface western coal mine 

9. Surface uranium mine 

10. Uranium mill 

11. LWR fuel fabrication 
(no I'll recycle) 

12. Oil-fired power plant 

U. 

14. Combined cycle power plant 

IS. Gas turbine power plant 

16. Light water reactor 

17. Dam and hydroelectric 
power plant 

18. Pumped storage 

19. Geothermal power plant 

20. Solar power plant 

21. Waste-fired power plant 

22. Active solar heating 

23. Wind turbine generator 

24. Coal Gasification 

Tahle 1\-1 

Cost and Manpower nata for Nominal Facilities 

Nominal Sizea 

250 bbl/day 

4000 bbl/day 

200,000 bhl/day 

I )( 1 hhl/thy 

3 )( 1 ft 3/day 
3 

50 )( ft /day 

6 )( ST/year 

1200 ST/day 

1000 ST/day 

660 ST lI/year 

800 MWe 

800 MWe 

400 MWe 

133 MWe 

HOO MWe 

200 MWe 

CONSTRIICTTON 
--------- ----------

5. () 

32.00 

430.00 

95.00 

4.70 

68.00 

420.0() 

44.40 

14.00 

7.0() 

48.00 

180.00 

340.00 

66.00 

17.00 

460.00 

80.00 

225.00 

120.00 

lOll.OO 

167.00 

1000 MWe 

200 MWe 

100 MWe 

133 MWe 

2. I )( 

4 MWe 

2STU/season 2~4.00 

2.007 

2S0 X ft 3/day 750_()() 

ill 10:; 
man-hours 

94.00 

287.00 

13,150.00 

1,1190.00 

94.00 

720.00 

9,950.00 

794.00 

532.00 

217 .00 

1,365.00 

4,4()0.00 

7,700.00 

i,320.00 

224.00 

12,0()O.OO 

2,38S.00 

6,430.00 

992.00 

1,070.00 

3,424.00 

7,%0.O() 

16.89 

20,697.60 

IJ PE RATION 

Cos to 
in mi llj on 

(1974) do Ilars 
-.£.":!_yea_r __ 

0.04 

0.35 

72.73 

3.56 

0.032 

0.487 

8.712 

5.65 

2.31 

1.68 

34.46 

2.60 

6.61 

1. 46 

0.23 

4.04 

0.27 

0.56 

0.74 

11.20 

ZO.OO 

(,.203 

0.06 

7.S() 

Manpower 
in man-years 
-.LeI' year 

5 .12 

16.17 

402.80 

177.00 

9.53 

17 .18 

96.00 

275.90 

178.00 

H1.00 

503.00 

84.00 

195.00 

26.00 

6.80 

112.10 

12.20 

25.00 

83.00 

300.00 

375.00 

S90.00 

I 
-...! 
t.O 



Tahle h-J (Continued) 

Cost and Manpower nat~ for Nominal Facilities 

Facilities 

II. TRANSPORTATION FACILITIES 

I. Crude oil pipeline 

2. Oil tanker 

3. Oil tank truck 

4. Products pipeline 

5. Hot oil pipeline 

6. Refined products bUlk 
station 

Nominal Size
a 

800,000 bbl/day, 
1000 mUes 

90,000 owr 

9500 gallons 

70,000 hhl/day,lOO mi. 

40,000 bbl/day,SO mi. 

69,000 bb 1/ day 

7. Gas 830 X ft 3/day 

8. LNG - tanker 2.6 X ft 3/day 

9. Gas distribution facility 50 X ft
3
!day 

10. Rail line 40 miles, single 

11. Coal train 

12. Coal truck 

13. 230 kV AC transmission 
line 

14. 345 kV AC transmission 
line 

15. 500 kV AC transmission 
line 

16. Electricity distribution 

17. Conventional rail 

track 

10 ,500 ST 

25 ST 

480 MWe,500 miles 

960 MWe,500 miles 

2080 MWe,500 miles 

131.6 MWe 

10,500 ST 

CONST!<UCTION REQUIREMENTS 

Total (ostb 

in mi Il ion 
( 197<1) do 11 a rs 

406.00 

32.00 

0.07 

15.60 

12.70 

6.80 

430.00 

100.00 

30.00 

12.30 

4.60 

0.05 

95.00 

120.00 

188.00 

41.00 

4.60 

c 

--.!l!.'!!!.- hours 

6500.00 

316.00 

212.00 

120.00 

6500.00 

760.00 

289.00 

24JO .00 

3255.00 

4555.00 

noo.oo 

a. Unit Abbreviations: H11e - megawatts, electric; ST - short ton; nwr - dead weight ton 

h. Excluding owners' cost. 

c. Manpower figures not included for non-station<lry r<lciliti('5. 

d. Excluding lahar and fuel costs. 

OPERATION REQUIREMENTS 

Cost d 

in million Manpower 
(l974) dollars in m<1o-years 

pCI' year per year 

20.30 115.00 

:>.19 82.91 

0.02 2.18 

0.13 15.80 

0.18 13.20 

0.05 12.90 
i 

00 

14.811 139.00 0 
i 

4.572 90.77 

.589 82.32 

0.17 18.04 

0.85 29.70 

0.02 1.35 

0.03 4.21 

0.05 7.19 

0.07 9.40 

0.27 23.30 

0.85 29.70 
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of synthetic natural gas (SNG) are expected by 1990 from the Rocky Moun

tain states, which will be transported by pipeline. 

The model simulates the flow of gas into and within California 

and identifies the facilities required to produce and transport the nat

ural gas. For domestic flows the facilities included are onshore gas 

production wells, offshore gas production wells, and gas pipelines. For 

imported gas the facilities are LNG import terminals and LNG tankers. 

Based on the estimated annual supply of natural gas to California the 

model calculate~ the nominal numbers of each of these facilities required 

to provide ~he gas~ 

Oil Supply 

Crude oil is available from onshore and offshore wells and from 

imports. Onshore crude oil production in California is expected to de

cline over the next 20 years, whereas California offshore production is 

expected to peak in 1990. Additional oil requirements would be met by 

Alaskan oil and foreign imports. Crude oil supply sources and quantities 

for the scenarios are shown in Table 9. It is assumed that the entire 

quantity of crude oil would be refined in California and that California 

would not import any refined products. Crude oil is assumed to form the 

only major input to the refineries. These refineries are assumed to pro

duce transportation fuels, power plant fuels, and feedstocks for industry. 

In the model, the fraction of different types of fuel produced can be 

varied to meet the necessary demand, i.e., it is implicitly assumed that 

refineries can change the product fraction to meet the changes in demand 

for each type of fuel. 

Gas and Oil Demand 

The California energy flow simulation process starts with the 

stipulation of gas flows to California and then proceeds to calculate the 

flow of petroleum products. If the demand for natural gas is in excess 

of the available supplies, highest priority users are satisfied first. 

The unsatisfied demand for natural gas is then met by oil supplies. This 
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demand for fuel oil along with transportation, power plant and non-fuel 

demands determine the total crude oil requirements in a given year. 

Power plant fuel requirements are calculated based on the twenty-year 

projected mix of power plants. 

Supplies of natural gas are allocated to different types of nat

ural gas demands in the following order of priority.2 

(i) Firm Gas Demand 

(ii) Interruptible Gas Demand 

(iii) Residential and Commercial Oil Demand 

(iv) Industry Fuel Oil Demand 

In the first scenario the first two categories include the de

mands projected by the California Public Utilities Commission for natural 

gas consumption in the state. Categories (iii) and (iv) are the pro

jected demands for oil which can be met by gas supplies. It is not clear 

whether available projections for categories (ii), (iii) and (iv) are 

entirely independent of each other. As a first cut they are assumed to 

be independent, subject to later revisions. 

The combined annual demand for these four categories is expected 

to exceed the natural gas supply available in a given year. The unsatis

fiedgas demand is then met by residual fuel oil. Demands for oil supplies 

are categorized as follows: 

(i) Transportation 

(ii) Electricity Generation 

(a) Low sulfur heavy fuel oil 

(b) Distillate oil 

(iii) Industry Non-Fuel Demand 

(iv) Unsatisfied Gas Demand 

Annual demand projections for categories (i) and (iii) were ob

tained from Ref. 3 for the first scenario. Fuel requirements for cate

gory (ii), power plants, are based on the annual schedule of power 

plants coming on-line by 1995. Residual oil is consumed by both gas 

turbine and combined cycle power plants. These power plants are located 

in California only. Table A-2 shows the power plant and fuel character

istics assumed in the model. Category (iv), unsatisfied gas demand, is 

the excess demand for gas which is substituted for by oil supplies. These 
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Table A-2 

Power Plant and Fuel Characteristics 

Power Plant Capacity Thermal Fuel Heat Content 
Factor a Efficiency mi 11 ion BTU/Unit 

1. Oil 0.51 0.38 Low sulfur 6.287/bbl 
Heavy fuel oil 

2. Coal 0.66 0.38 Strip-mined 24/ton 
coal 

3. Nuclear O. 71 0.32 Enriched 6 2.5XlO /ton 
(LWR) uranium of uranium 

.033 235U 

.0025 tails 

4. Combined 0.56 0.40 Distillate 5.88/bbl 
Cycle oil 

5. Gas Turbine O. 10 0.27 Distillate 5.88/bb1 
oil 

a. Weighted averages of utility submissions to CERCUC. Annual capacIty 

factors used in the model vary from year to year based on utility sub

missions. 
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four demands are converted from physical units to a common unit of energy 

(BTU's) using conversion factors shown in Table A-3. 

Crude oil requirements (in barrels) are computed by converting 

the total BTU requirements determined above into barrels of oil required 

as input to the refineries. Crude oil for these refineries is allocated 

by the model from the three major sources in the following order of 

priority: 1) California oil from onshore wells; 2) oil from the outer 

continental shelf of California; and 3) imported oil from Alaska and 

from foreign countries. 

Coal 

Coal-burning power plants may be located in California and the 

Southern Mountain Region (consisting of the states of Arizona, Colorado, 

Nevada, New ~1exico and Utah). Power plants at both locations are assumed 

to burn the same type of strip-mined coal, all of which is mined in the 

Southern Mountain Region. Coal is transported via conventional or unit 

trains and by coal trucks from the coal mines directly to the power plants. 

The fuel chain includes two categories of energy facilities: coal mines 

and coal-burning power plants; and four types of transportation facilities: 

unit trains, conventional trains, coal trucks and fixed railroad facili

ties. 

The model calculates the amount of coal mined to meet the require

ments of the coal-burning power plants in the two regions. We have used 

an average heat content of 12,000 BTU/lb for coal found in the Southern 

Mountain Region. This comes from an assessment of the coal reserve base 

for the Southern Mountain Region, weighted by the mean heat content of 

each coal type. Based on this analysis we assume an average value of ten 

percent for the ash content and 1.0 percent for the sulfur content for 

coal in this region. These data are corroborated by a recent U.S. Geologi

cal Survey study4 of remaining identified coal resources in the U.S. from 

which one obtains a similar heat content. 
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Table A-3 

C
. a 

onverSlon Factors 

Demand Million BTU/barrel 

(i) Transportation Gasoline 

Electricity Generation 

( a) 
(b) 

'd b Resl ual 
Distillate 

(iii) Industry Non-Fuel Demand 

(iv) Unsatisfied Gas Demandb 

(v) Crude Petroleum 

(vi) Natural Gas 

5.253 

6.287 
5.880 

5.506 

6.287 

5.800 

1032 BTU/ft 3 

a. Knecht, R. L., and C. W. Bullard, "Direct Energy Use 
in the U. S. Economy, 1971", Center for Advanced 
Computation, Uni versi ty of Illinois at Urbana-Champa.ign, 
Report no. CAC-43, April 1975. 

b. CERCDC Quarterly Fuel and Energy Summary, Vol.l, No;4. 
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Uranium 

Light water reactors are the only facilities in the model that use 

uranium as a fuel. The reactors supplying electricity to California are 

located in California and the Southern Mountain Region. The fuel chain 

begins with uranium mining and milling activities, which are assumed to 

occur in the Southern Mountain Region only. Further processing of uran

ium ore, except for fuel fabrication, is assumed to occur in states other 

than California and the Southern Mountain Region and no resource require

ments are calculated for these facilities. Fuel fabrication facilities 

are located in California only if the requirements exceed 20 percent of 

the nominal size of the fabrication facility; otherwise this facility is 

assumed to be located outside the two regions under consideration. Uran

ium transportation is not considered as the quantities were deemed too 

small to make a significant change in the impacts under consideration. 

The model calculates the amount of uranium mined in the Southern 

Mountain Region and the amount of uranium fuel required by the power 

plants. These fuel requirements are based upon 3.3 percent enrichment in 
235U 0 25 235U " h " h"l hI" ; . percent In t e enrlc ment tal s; an average t erma speCI-

fic power of 30 MW/metric ton of uranium fuel; and an uranium ore con

centration of 0.15 percent. 

No uranium or plutonium recycling is assumed, so that fuel require

ments are based on flows through the reactor; therefore, our calculations 

set an upper limit on the amount of uranium needed. If uranium and plu

tonium are recycled, the amount of uranium to be mined could be less by 

as much as 30 percent. Since there is presently considerable uncertainty 

regarding fuel reprocessing and waste storage, these facilities are not 

specifically included in the model. 

The operation of fuel chains is simulated in the fuel mix generator 

(see Fig. A-I). This program also accepts all the input data outlined 

earlier along with relevant data on each type of nominal facility. Based 

on this information the program then calculates: 

• Annual fuel flows by type, source and quantity, and 

• the energy facilities' schedules, which specify the 
number of nominal power plants and related nominal 
energy facility requirements by type, regional loca
tion and year. 
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The fuel flows are then used tc determine the and sites of 

nominal transportation facilities required to meet the demand for fuels. 

Fuel flows include transmission of electricity. 

Having determined the number of nominal energy and transportation 

facilities that need to be constructed, the program next calculates the 

manpower, capital and materials resources required to construct and oper

ate these facilities. These resources are computed for each region and 

for each year until 1990. Tables A-4 and A-5 show the detailed list of 

resources included in the model. Data for these resources were acquired 

from the Energy Supply Planning Model. I The capital resources serve as 

a final demand vector which stimulates indirect production in the Cali

fornia and U.S. economies. The estimations of these indirect impacts in 

California using an input-output table for the state is described in the 

next section. 

ESTIMATION OF INDIRECT ECONOMIC IMPACTS 

The indirect economic impacts of a in final demand can be 

estimated using an input-output table. In an input-output table the 

economy is broken up into sectors such as coal min automobile manu-

facturing, or retail trade. Each element in the table is the dollar pur

chases by one sector, of the output of another sector, during one year. 

Reading across the rows shows the sales of a given commodity to all seco. 

tors including final demand. (Final demand is the consumption by ul ti-

mate consumers such as households, government, s, and capital 

formation.) Reading down a column shows all the inputs to a given sector 

including value added which represents payments to the factor of produc

tion (land, labor, capital, etc.). The sum of all the elements in a column 

is called the gross output of that sector. If each element in the column 

is divided by the gross output, the resulting vector of technical coeffi

cients shows the inputs from each sector needed to produce one dollar's 

worth of output in that sector. Insofar as these technical coefficients 

do not change significantly over the time period of this study, an input

output table can be used to calculate the changes in gross output due to 

a change in final demand. 
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Table A- 4 

California Energy Supply Model 

Construction Resource Requirements 

Manpower in Thousands of Man hours 

Chemical Engineers 
Ci viI Engineers 
Electrical Engineers 
Mechanical Engine~rs 
Mining Engineers 
Nuclear Engineers 
Geological Engineers 
Petroleum Engineers 
Other Engineers 

Total Engineers 
Total Designers & Draftsmen 
Total Supervisors & Managers 

Total Technical 
Total Nontechnical (Nonmanual) 

Pipefi tters 
Pipefitter/Welders 
Electricians 
Boilermakers 
Boilermakers/Welders 
Iron Workers 
Carpenters 
Operating Engineers 
Other Major Skills 

Total Major Skills 
Other Craftsmen 

Total Craftsmen 
Total Teamsters & Laborers 
Manpower Total 



29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
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Table A-4 (Continued) 

Materials 

Refined Products (Tons) 
Cement (Tons) 
Ready Mixed Concrete (Tons) 
Pipe & Tubing (Less than 24" D) (Tons) 
Pipe & Tubing (24" D & Greater) (Tons) 
Oil Country Tubular Goods (Tons) 
Steel Forgings(Tons) 
Iron & Steel Castings (Tons) 
Structural Steel (Tons) 
Rebar (Tons) 
Valves (24" D & Greater) (Items) 
Valves (24" D & Greater) (Tons) 
Steam Turbogenerator Sets (1000 HP) 
Steam Turbines W/O Generators (1000 HP) 
Gas Turbogenerator Sets (1000 HP) 
Gas Turbines W/O Generators (1000 HP) 
Draglines (Cubic Yards) 
Draglines (Tons) 
Drill Rigs (Item-Years) 
Pumps & Drives (100 HP)(Items) 
Pumps & Drives (100 HP)(Tons) 
Compressors & Drives (1000 HP)(Items) 
Compressors & Drives (1000 HP)(Tons) 
Heat Exchangers (1000 Sq Ft Surface) 
Pressure Vessels (ll-z" Plate) (Tons) 
Boilers (106 BTU/hr) 
Nuclear Steam Supply Systems (GWe) 



* 

56 
57 
58 
S9 
60 
61 
62 
63 
64 
6S 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7S 
76 
77 
78 

Table A-4 (Continued) 

Construction Costs in Million Dollars 

* Wood Products (20) 
Chemicals & Allied Products (27,28,30,32) 
Petroleum Products (31) 
Stone & Clay Products (36) 
Primary Iron & Steel Products (37) 
Primary Nonferrous Metals (38) 
Fabricated Structural Products (40) 
Other Fabricated Products (42) 

~1aterial s Subtotal 
HVAC Heating & Cooling Units (52) 
HVAC Ductwork & Accessories (40) 
Turbines (43) 
Construction, Mining & Oil Field Eqp (4S) 
Gas Welding Sets & Metalworking Eqp (47) 
Electric Welding Sets (53) 
Materials Handling Equipment (46) 
General Industry Equipment (49) 
Instrumentation & Controls (62) 
Electrical Equipment (53) 
Fabricated Plate Products (40) 

'Miscellaneous (1-68, Except Above) 
Equipment Subtotal 
Construction Capital Cost Total 

Figures in parentheses are BEA input-output sector numbers. 
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Table A- 5 

California Energy Supply Model 

Operation Resource Requirements 

~anpower in Man-years 

Chemical Engineers 
Civil Engineers 
Electrical Engineers 
Mechanical Engineers 
Mining Engineers 
Nuclear Engineers 
Geological Engineers 
Petroleum Engineers 
Other Engineers 

Total Engineers 
Total Designers & Draftsmen 
Total Supervisors & Managers 
Total Other Technical 

Total Technical 
Total Nontechnical (Nonmanual) 

Pipefi tters 
Pipefitter/Welders 
Electricians 
Boilermakers 
Boilermakers/Welders 
Iron Workers 
Carpenters 
Equipment Operators 
Other Operators 
Underground Miners 
Welders, Unclassified 
Other Major Skills 

Total Major Skills 
Other Craftsmen 

Total Craftsmen 
Total Teamsters & Laborers 
Manpower Total 



* 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
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Table A- 5 (Continued) 

Operating Costs in Million (1974) Dollars 

* Lumber & Wood Products (20,21) 
Paper & Paper Products (24-26) 
Chemicals & Allied Materials (27-32) 
Stone, Clay & Glass Products (35,36) 
Nonferrous Metals (38) 
Metal Products (39-42) 
Miscellaneous 

Total Materials & Supplies 
Nonelectrical Machinery (43-50,52) 
Electrical Equipment (53-58) 
Transportation Equipment (59-61) 
Instruments & Controls (62,63) 
Miscellaneous (64) 

Total Equipment 
Fuel (Heat) (68) 
Electricity (68) 
Water (68) 

Total Util i ties 

Figures in parentheses are BEA input-output sector numbers. 
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To do this, the table is first converted into the direct require

ments matrix A by dividing each column by the gross output in that sec

tor. The Leontief inverse (I-A) -1 is computed and postmul tiplied by the 

change in the final demand vector 6Y to give the change in gross output: 

The change in value added and employment in each sector is assumed to be 

proportional to the change in gross output in that sector. 

6 V. '" v.6X. 
1 1 1 

(A-2) 
6E. _. e.6X. 

1 1 1 

The coefficients v. and e. are the value added and employment in sec-
1 1 

tor i divided by the sectoral gross output from the 1-0 table. 

To calculate the indirect impacts a preliminary version of the 368·· 

sector California Input-Output Table being developed by LBL for ERDA has been 

used. The California table is based on the technical coefficients derived 
5 by updating the 1967 national table to 1972. For convenience we aggre-

gated the California table to 87 sectors deleting those sectors which do 

not exist in the state at the 368-sector level. At the 87-sector level 

the missing sectors are Coal Mining and Tobacco Manufacturing. The table 

does not include the special industries that are used by BEA for account

ing purposes. The Leontief inverse was calculated for the remaining 79 

productive sectors. The calculation of indirect impacts is done in con

stant 1972 dollars, then inflated to 1974 dollars. 

Construction of Final Demand Vectors 

The steps in constructing the final demand vectors from the direct 

requirements calculated by the Energy Supply Model are shown schematically 

in Fig. A-3. The model output gives the construction requirements from 

1974 to 1990 for the twenty categories of materials and equipment listed 

in Table A-4. A total capital cost is also given. All these data are expres

sed in purchaser's prices in third quarter 1974 dollars. The first step is to 
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aggregate these requirements to five-year intervals starting with 1976 

and to deflate the data to constant 1972 dollars, This was done using 

deflators obtained from CAe and the of Current Business. 6 ,7 

Of the rement es only IX to the 

BEA 368-sector tlassification; the rest to two di t or groups 

of two-digit codes. Because data were available at the 368-sector level 

on the transportation costs and needed to convert er's 

• we decided to di the s to prices to producer 

368 sectors. The ions used to di e the rements were 

derived in the following manner. A representative demand vector 

was constructed by adding the columns from the 1972 national 1-0 table 

for 1) new construction of non-re identia1 buildings; 2) new construction 

of public utilities; and 3) gross te capital formation excluding the 

five new construction rows. This 368- final demand vector is an ap-

proximation to the requirements for both structures and equ needed 

in constructing energy facilities. The rements calculated by the 

model were disaggregated accord to these ions. ion 

d d > 6,8 b :1 f 'h costs an tra e marglns were su tractee .rom eaCL sector and 

assigned to the appropriate tion or trade sector. The remaining 

construction costs not included in the rements cat gories were 

allocated to the service and sectors, and value added, 

in proportion to the two construction sectors contained in the representa

tive final demand vector. 

The final demand vectors for nominal facil ties are derived from 

the construction requirements in a similar manner. The only difference 

is that instead of aggregating over a od for each category, 

the aggregation is over the construction time of the 

final demand vector and the resulting indirect 

period associated with them. 

The final demand vectors for the alternat 

ect, Thus the 

ts do not have a time 

investments are cal-

culated much more simply. The data are cat zed by SIC code and in-

put-output sector. The requirements, which are in 1976 dollars, are deflat-

ed to 1972 dollars using wholesale price indi 

propriate sector. Final • trade margins and tran 

distributed to the proper sectors. 

and entered in the ap

ion costs are 
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Changes in Gross Output, Value Added and Employment 

The interpretation of the indirect impacts depends on the method 

of constructing the California input-output table. Each column of the 

368-sector national table is divided by the corresponding national gross 

output. This gives a set of national coefficients which are multiplied 

by the state gross outputs giving the columns of the state table. The 

resulting California table has 334 producing sectors. The final demand 

columns for personal consumption expenditures, capital formation and 

government purchases are appended. The rows of the table are permuted 

so that these 334 sectors are first. The remaining rows represent im

ports by each sector. The rows are then summed to get the total consump

tion by sector within the state. Finally, a sector-by-sector net trade 

balance is calculated by subtracting the consumption from the production. 

If the difference is positive, it is assumed to represent the value of 

the exports; if the difference is negative, it represents imports. 

The electric utilities were handled as a special case because the 

mix of generating capacity in California is substantially different from 

the national mix. The general procedure is to disaggregate the electric 

utilities sector into several columns which represent generation by each 

of the technologies. The columns are expressed as coefficients by divid

ing each element by the column sum. A new electric utilities column is 

constructed by combining these coefficient columns weighted by the pro-

portion of electrici generated in California by each new technology. 

This column, which represents the inputs required for generating electri

city in California, is used in place of the national electric utilities 

column in constructing the California table. 

The first step in carrying out this procedure is to combine the 

private, federal, and state and local utilities sectors of the 1972 na

tional table into one sector. Five new columns representing electricity 

generation from coal,oil, gas, hydro and nuclear power were constructed. 

All the coal purchased by the electric utilities plus the transportation 

costs and trade margins were assigned to the coal generating column. 

Similarly, petroleum products were assigned to oil generation and natural 

gas from utilities to gas generation. The purchases of inorganic chemi

cals, which includes nuclear fuels, by the nuclear generating sector had 
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to be increased by $95 million to match the techn cal coefficients pub

lished by the Mitre Corporation.
10 

It is reasonable to expect the amount 

of inorganic chemicals to be low in the 1972 national table because it 

is an update of the 1967 table when there was little nuclear power gen

erated. There are no fuel inputs to the hydroelectric sector. The re

maining inputs, except inter-utility sales, are disaggregated in propor

tion to the amount of electric energy produced by each of the five tech

nologies. Similarly, additional columns for new generating technologies 

b d . d f' h M' C . 10 may e constructe USIng ata rom t e . Itre orporatlon, 

Before calculating the Leontief inverse, the 334 producing sec

tors were aggregated to the 87-sector level, The final demand vectors 

were aggregated to this level omitting those sectors which have no gross 

output in the state. To calculate the employment coefficients the 368-

f ' dd 11 "1 d d sector Cali ornla person employe ata were SImI arly aggregate an 

then divided by the corresponding gross outputs. 

The change in gross output 6X was calculated using Eq. A-I. To 

take into account the importation of goods into the state we multiplied 

each element of IJX by the ratio of production to conswnption for that 

sector. Thus if half of the amount of a good that is consumed in Cali

fornia is produced there, then we assume that half of the change in pro·, 

duction will occur within the state. Using this modified gross output 

vector in Eq. A-2, we calculate the indirect changes in employment and 

value added. The output and value added results are inflated to 1974 

dollars using output deflators obtained from BEA.12 
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APPENDIX B 

* PASSIVE SOLAR HOUSING CONSTRUCTION 

INTRODUCTION 

Solar energy is under active consideration as a replacement for 

fossil fuels. There are two general classes of residential solar energy 

systems, active and passive. In an active system, the sunlight heats a 

fluid that in turn is used for space heating, space cooling, and water 

heating. An active system usually requires a specialized collecting de

vice and a heat storage device. In a passive system, the orientation, 

insulation, and glazing are designed to take maximUJTI advantage of solar 

heat gain during the winter and to minimize heat gain during the sunm1E'r. 

The building itself serves as the collector and heat storage device. 

In a recent study, cost data are compared for approximately sixty 

solar heating, solar heating and cooling and/or hot water systems cur

rently in residential use in Northern California. 6 The systems showed a 

wide range of technologies and costs. Systems costs for residential space 

heating and cooling ranged from $200 to $18,000 with an average cost of 

$3391; the cost per square foot ranged from $0.91 to $32.29. With the 

exception of five systems which were under $600, the data showed that 

these solar space heating and cooling ems have relatively high first 

costs compared with conventional systems. We have included active solar 

heating in our second scenario which emphasizes new technologies. The con

struction cost, taken from the Bechtel Energy Supply Planning Model, was 

$8100 per dwelling. Although the lifecycle costs for some solar systems 

are less than those for conventional systems, it is still generally true 

that when new housing is constructed the costs are the determining 

factor in the selection of a heating and cooling system, Therefore, we 

also consider a cost competitive passive solar house as an attractive 

alternative. 

* Harold G, Nelson and Barbara A. Greene of LBL assisted in the prepara-
tion of this section. 
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The passive solar housing construction program we hypothesize is 

predicated upon a change in the state building code. The change would 

upgrade the insulation and glazing requirement to R-19 and R-30 insula

tion in the walls and ceilings, respectively, and double glazed and prop

erly shaded windows. We also assume a minimum of half the window area 

is on the south wall and that adequate thermal mass is included in the 

structure for heat storage. 

We postulate that all new single family and multifamily residences 
* completed after 1976 will conform to the code change. We use CERCDC 

estimates of housing construction rates4 to scale our calculations of 

material requirements and savings. According to these housing construc

tion estimates, the new single family and mUltifamily dwelling units will 

be constructed at a nearly constant rate of 205,000 per year over the 

next twenty years. Half of them will be single family and half multi

family. A "typical" multifamily dwelling contains four units. We per

form four types of calculations: 1) energy savings; 2) capacity savings; 

3) direct material and manpower requirements; and 4) indirect economic 

and employment impacts. For the fourth calculation, passive solar hous

ing construction will be represented in the California input-output table 

by additions to the final demand vector. These additions are the incre

ments in materials over those used in present housing construction that 

conforms to state code. 

POTENTIAL ENERGY SAVINGS 

The calculation of the energy savings in a passive solar house is 

an extremely complex problem. The major critical variables which affect 

the energy savings are climatic regions, site characteristics, type and 

design of residential structure, materials used in construction and resi

dent participation in the system. Therefore, any energy savings calcula

tion must be carefully evaluated for its assumptions and its inherent 

* Mobile homes are excluded from all calculations of material requirements 
and energy savings because the recent federal legislation on mobile home 
construction standards preempts state standards. See Federal Register, 
Vol. 41, No. 94, May 13, 1976, pl. 9855, Title 24 HUD, Part 3282. 



limitations. Although we as overall dimensions for passive solar 

houses (Table B-1), we did not speci the detail s of the actual desi gn. 

For example, we did not calculate the material requirements for several 

design features, such as shading and "thermal mass, which also affect 

the energy savings. These design components have a wide range of mater

ial composition, each varying in its effectiveness. The thermal mass of 

the house may be increased concrete slab flooring, sealed drums of 

water or even a baby grand piano. The greater the thermal mass, which 

acts as a storage system for the solar energy, the better the perform

ance of the entire system. It is impossible, however, to account for 

these variations in detail in this calculation, although all affect the 

actual energy savings. 

After examining the data from a vari of actual and computer 

simulated passive solar houses, we estimate that 60 percent of the heat-

ing and 60 percent of the cool load of a cal house could be car-
'k 

ried by a passive solar system. Si ent represents the conserva-

tive end of the range of actual and predi alar-carried heating and 

l ' 1 d ** b h f h' h h' h 100 t 2,7,8,11,14,15 coo Ing oa s, ot 0_ w IC go as Ig as percen, 

However, this estimate must be used with caution because: 

* 

1. We do not have data for houses which are directly comparable 
with the prototype we assumed. 

2. Calculations of energy s in space heating and cooling 
are subject to the variations mentioned above that render a 
precise estimate impossible at this point. 

If the insulation requirement for the walls is reduced from R-19 to R-ll, 
thereby obviating the need for 2 X 6 stud construction, we estimate the 
savings factor would be reduced to approximately 50 percent, 

** A calculation was performed by Barbara A. Greene and David Goldstein of 
LBL from data collected from an actual passive solar system during the 
winter of 1975~76. The data pertain to a 530 ft 2 conventional code build
ing with single glazing, moveable insulation, and a thermal mass of ap
proximately 400 gallons of water. The calculations showed that for an 
inside temperature range of 70-80°, the passive solar heating system 
would provide 73 percent of the heating load of the structure. (The out
side temperature ranged from 350 F to 550 F.) During the summer of 1976 
the temperature in the structure was monitored using a maximum-minimum 
thermometer. The inside temperature never rose above 800 during a four
day hot spell with outside t'emperatures over lOOoF. No backup cooling 
system was required. 
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Tab1 e B-1 

Dimensions of Housing Types 

Single Family Multifamily 
Dwelling Dwellinga 

Gross dimensions 38 X 38 X 8 ft 47 X 47 X 16 ft2 

Gross floor area "'1450 ft2 "4400 (11 OO/uni t b) ft2 

Gross ceiling area 1450 ft2 2200 ft2 

Gross glazing c 290 fi 880 ft2 area 

Gross wall area to 
926 ft2 be insulated 2128 ft2 

aywo story structure, two units/story 

bThe trend in average square footage of duplexes and apartment houses 
has increased at a rate of approximately 1% per year, We have assumed 
an average of 1100 ft 2 per unit for multifamily dwellings for the next 
twenty years, 

c Twenty percent of gross floor area as required by present Code 
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3. Computer simulations for calcu.lat energy consumption 
in passive solar houses have not been fully verified, 
Further, the data upon which they are based are incom
plete, 

Consequently, the 60 percent savings assumed represents our best estimate 

to date, but is subject to revision as more information becomes available 

and the state of the art in computer simulation models of energy consump

tion in buildings advances, 

The energy savings calculations were done by first estimating the 

unit energy consumption for residential space heating and air conditioning. 

These are statewide weighted averages using projected new housing construc-

, 4 l' . 9 dh' d l' 1 d f tlon rates, app Icance saturatIons, an eatIng an coo Ing oa s or 

new houses 9 built to Title 24 Standards. 18 The energy consumption for elec

tric resistance heating and central air conditioning is based on computer 

simulation of the behavior of "typical" single family and multi family resi-
18 dences constructed according to present state code. The simulations were 

performed by the TWOZONE program using weather data for several locations 

within the state. This enabled us to assign heating and cooling loads to 

each of the five major utility service districts, These loads were multi

plied by the number of units in single family or multifamily structures 

containing electric heating or cooling that are expected to be constructed 

in each service area during 1977,4 This gave an expected statewide energy 

consumption for residential electric space heating and cooling for each 

type of dwelling unit. These figures when divided by the number of units 

of each type to be constructed gave the statewide annual unit energy con

sumption estimates shown in Table B-2. 

To calculate the savings for gas heated homes the electric heating 

loads derived from the building simulations were multiplied by the expected 

number of gas heated units in each service area. The statewide average 

of these data was 8180 kwh per year for single family units and 3860 kwh 

per year in multifamily units. These were converted to BTU of gas consumed 

using a space heating efficiency of 60 percent; the results are shown in 

Table B-2. 

For room air conditioners we use the estimate of approximately 920 

kwh per year derived in Reference 9. Our estimates of future savings of 

energy and capacity in air conditioning are probably high because we have 
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not taken into account recent changes in the State Code which mandates 

increased air conditioner efficiencies. The new energy efficiency ratios 

CEER) have not been included in order to isolate the effect of passive 

solar housing construction. 

Next the 60 percent savings factor is applied to the consumption in 

each dwelling unit to get the savings at the point of end use. The unit 

savings were multiplied by the number of units projected,4 adjusted for 

saturation rates in new construction, and corrected for transmission loss

es to arrive at the statewide savings. 

POTENTIAL FUEL AND CAPACITY SAVINGS 

We assume that the reduction in air conditioning load in the pas

sive solar houses is achieved by the installation of air conditioners 

with 60 percent smaller capacity. This implies the average operating 

time remains constant. The assumption appears reasonable because con

sumers can reduce their first costs by buying smaller air conditioners. 

Currently central air conditioners in residential buildings range 

in size from two to five tons (one ton = 12,000 BTU/hr). The average 

size appears to be at the low end of this range. 13 We examined a scat

ter plot of the cooling effect (measured in BTU's/hr) versus the input 

power (measured in kilowatts) for central air conditioners. (See Ref. 9, 

App. A, Fig. A-4.3.) At the low end of the range of central air condi

tioners, these data indicate that the average size is approximately 3800 

watts, which corresponds to an EER of approximately seven. For room air 

conditioners, the average sales weighted size is about 10,000 BTU/hr with 

an EER of six BTU/hr/watt (Ref. 9, App. A). Dividing the air conditioner 

size by its EER yields an estimate of 1670 watts for the present power 

consumption of a typical room air conditioner.* 

* We have not had the opportunity to incorporate into our analysis the 
recent changes in state code requiring increased EER for air condi
tioning. These increases in air conditioning efficiency would tend 
to make our calculation of savings of energy and capacity too high. 
The yearly savings would scale by the ratio of the EER. 
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The estimates derived above reco Jui II 'Table )3·2, They have in 

turn been used to calculate capacity savings from reduced cooling load. 

To estimate capaci savings we need to make assumptions about when the 

heating and cooling demands fallon the daily and annual load curves. 

Residential space heating occurs during evening and night time hours dur

ing the winter. This does not presently correspond to the time at which 

the annual peak occurs; consequently we asswne there will be no capacity 

savings attributable to the energy savings in space heating. 

Residential cooling occurs during the summer peak; consequently 

the reduced cooling loads in passive solar houses will result in both 

energy and new generating capacity savings. For the calculation of 

capacity savings, we assume that the daily distribution of the number of 

air conditioners in use during the peak hours (approximately 1 PM to 7 PM) 

is flat. A study of air conditioning demand in the Fresno area gives a 

load distribution curve that shows less than 15 percent variation during 

this period. 12 Since the system peak occurs at approximately 2 PM, a 

change in the air conditioning load will directly reduce the system peak. 

In addition, there is evidence that little, if any, significant oversiz

ing of air conditioning units exists;12 therefore on very hot days no 

cycling of the unit is likely to occur. Our calculation of peak savings 

assumes a 60 percent reduction in the required cooling unit size only, 

and does not include air conditioner cycl during the peak hours. 

We assume the air condition capacity savings will, in turn, re-

duce the number of gas turbines and pumped storage units required. Our 

calculation takes into account transmission losses, a forced outage rate 

for gas turbines, air conditioning saturation, and projected housing con

struction rates. We estimate a total incremental reduction in peaking 

capacity at 280 megawatts per year and a total annual incremental energy 

savings of 144 million kilowatt hours per year. These results are de

rived in Table B-2. Using the power plant and fuel characteristics shown 

in Table A-I, the incremental fuel savings resulting from the reduction 

in gas turbine requirements is 310,000 barrels of distillate oil per year. 

Our calculations thus far have been presented in annual increments. 

It is also interesting to note the cumulative savings, as they will form 

the basis of our comparisons between investment strategies involving 
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energy conservation on the one power plant construction on the 

other. Over a twenty-year period, we estimate a peak load power plant 

capacity savings of 5600 megawatts, and an integrated energy savings for 

gas of nearly 0.6 X 10 15 BTU and for electricity of 77 billion kilowatt 

hours. Assuming an average heat rate of 10,000 BTU/kwh, the cumulative 

electricity savings translates to 133 million barrels of crude oil at 

the end of twenty years. This is roughly 25 percent of the present annual 

oi 1 consumption in Ca lifornia. 

DIRECT MATERIAL REQUIREMENTS 

Passive solar housing requires additional materials for wall and 

ceiling insulation and for double glazing beyond those used to comply 

with present state codes. We calculate the materials needed to upgrade 

the wall and ceiling insulation from R-ll to R-19 (currently state 

code lB ) to R-19 and R-30 respectively. We also estimate the additional 

glass and other materials used to manufacture the double glazed window 

units needed. The walls will be constructed with 2 X 6 studs on 24 inch 

centers to accommodate the thicker wall insulation; but we expect there 
* will be no additional lumber needed. 

Glass and insulation are the primary materials that will be in

creased in the construction of a passive solar house. However, other 

materials also may be important, such as those used to increase thermal 

mass or to provide shading. The major difficulty in estimating the mater

ials used for these purposes lies in predicting the amounts needed and 

the manner in which they will be combined. For example, shading of windows 

* In 2 X 4 stud construction studs are usually placed on center at 16 
inches; in 2 X 6 stud construction they are centered at 24 inches. For 
every four feet of wall, one less stud is needed in 2 X 6 construction 
(see Ref.l). For the average single family dwelling of 1450 ft 2 at 
most two 2 X 4 studs would be saved by using 2 X 6 stud construction. 
Because the difference is not large, it was assumed that no significant 
change would occur in the amount of wood required. The difference in 
lumber cost is expected to be insignificant if the lumber industry re
tools and accelerates output of 2 X 6 studs for use as the standard con
struction stud material. 



can be accomplished by , louvered sun shades, draperies, special 

gla zing, tion. Since the choice will be 

determined by personal es, availability and costs, it is not 

possible to estimate these material rements. 

The calculation of additional insulation in Table 8-3 is based on 

wholesale prices of $0.069/ft 2 for R 11, $0,119/ft
2 

for R-19 and $0.188/ 

ft 2 for R_30. l7 The incremental demand for insulation housing type 

(Table B-4) was calculated by year for the next twenty years using the 

CBRCDe estimates of housing construction rates. The additional materials 

cost 0 a 4' X 5' double azed window unit is presented in Table B-4. 

The cost per dwell of each shown in Table B-5 is calculated 

g the cost per window unit the number of window units by muItipl 

per dwell (14.5 for s Ie family and 44 for mul tifamily). The total 

annual costs are also shown in Table B,-5. 

We have assumed that builders and owners of passive solar houses 

will on the average install smaller air conditioners and space heaters. 

The statewide average s in first costs for space heating and cool-

ing are shown in Table 13,-6. The cost figures are retail prices taken 
19 from the Sears catalog. For space hea we estimated a 60 percent 

s in furnace size translates to a $60 s in single family 

dwellings and a $]00 savings in a four unit multifami dwelling. 

For air conditioners, the calculation more assumptions. 

In some areas passive solar houses will obviate the need for air condi

tioners, while in others, smaller units will be needed. One problem is 

that small central air condit ( ,\,1 ton) are not currently manu-

factured, thus we cannot estimate the due to installing smaller 

central units. For purposes of calculation we assume that 20 percent of 

passive solar dwell 

installed sizes. The 

would have central air conditioners of currently 

ed saturation for current code houses is 50 

percent. Thus we ass~me there will be 60 percent fewer central air con-

ditioners installed. In ice we this 60 percent reduction to 

result from a combination of reduced unit size and fewer installed units. 

This amounts to a savings of $800 in a single family dwelling and $960 

in a four unit multifamily dwelling. We further assume that in the ten 

percent of the dwell units that are to have room air condi-

tioners, the capaci 

of $160 per unit. 

will be 60 smaller, resulting in a savings 
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Table B-3 

Costs of Additional Insu1ationa 

(in 1976 $) 

Present State Code b 
Solar Tempered Dwellings 

R-ll walls (926 sq.ft.) $ 63.89 

R-19 ceiling (1450 sq. ft. $172.55 

Total $236.44 

Increase in insulation cost for 
solar tempered dwelling $146.35 

R-ll walls ( 212 8 sq. ft. ) $146.83 

R-19 ceiling (2200 sq.ft.)$261.80 

Total $408.63 

Increase in insulation cost for 
solar tempered dwelling $258.20 

= $64.55 per unjt 

R-19 walls (926 sq.ft.) $110.19 

R-30 ceiling (1450 sq.ft.) $272.60 

Total $382.79 

R-19 walls (2128 sq.ft.) $253.23 

R-30 ceiling (2200 sq.ft.) $413.60 

Total $666.83 

aAl1 costs calculated using the following quoted wholesale prices (1976 dollars): 
$69.00/1000 sq. ft. R-ll; $119.00/1000 sq. ft. R-19; and an estimated price of 
$188.00/1000 sq. ft. R-30. (Confidential communication with private contractor.) 

b 
Ref. 18. 
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Table B-4 

Cost of Additional Material Components of Double Glazed Window Unit
a 

(in 1976 $) 

Material Use Cost/unitb 4'XS' . d . b WIn OW unIt 

Glass c d 
$4.50 Panes 22. 5¢hq. ft 

Aluminum Spacers 0/2") .0039¢e/inch .84 

Po1ysulfide Compound Sealant .008¢e/inch 1. 73 

Po1yisobutylene Sealant .002q:e/inch .43 

Silica gel (50%) and 
Molecular Sieve Dessicant ,0038q:e/inch .82 

Zinc Corner Keys 4¢/corner e .16 
(Gussett) 

Solder and Misc. Sealant for 
Material Corners .OOlq:e/inch .22 

TOTAL ::: $8.70 

aAssumes unit is made of clear double strength glass and is 3ealed on all 
four sides. 

bproducer's prices exludes labor and equipment overhead. 

c One plate of clear double strength glass. 1/8" thick. 

d Consensus from Libby Owen Ford and Pittsburgh Plate Glass Industries. 

epaul Thompson of Havlin-Witkin. Sacramento. 
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Table B-5 

Passive Solar Housing 
Summary of annual incremental costs 

(in 1976 $) 

Cost Eer dwell~ng Total annual costs 
Sic I-O Single Multi- Single Multi-

Item Code Sector family family family family 
--~ 

Insulation 3246 36.20 146.35 258.20 15.0 6.8 

Window Units 126.15 382.80 13.1 10.0 

Glass 3211 35.01 66.70 202.40 6.8 5.3 

Aluminum 3361 38.11 12.18 36.96 1.2 1.0 

Po1ysulfide Sealant 2822 28.02 25.09 76.12 2.6 2.0 

Po1yisobutylene 2821 28.01 6.24 18.92 0.7 O.S 

Dessicant 2819 27.01 11.89 36.08 1.2 1.0 

Zinc 3356 38.09 2.32 7.04 0.3 0.2 

Solder and misc. 3356 38.09 3.19 9.68 0.3 0.3 

Total Cost Per Dwelling 272.50 641. 00 

Total Annual Cost 

(106) 

total 

21.8 

2:;.1 

12. 1 

2.2 

4.6 

1.2 

! ') 

O.S 

0.6 

44.9 
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Table 8--6 

Cost Savings for Residential Space Heating 

Space Current Future Savings 
Cooling Cost Per Cost Per Per Unit 

Dwell a Dwellinga 
,--~---~--

Room $350 $190 160 

Central - SF 800 0 800 

ral - MF 960 0 240 

Single Family 305 245 60 

~1u1tifami1y 450 350 25 

Total Heating and Cooling (Annual) 

a Cost data from Ref. 19. 

bSee footnote e Table B-2. 

and Cooling 

Dwelling 
Unitsb 

(Per Year) 

20,500 

30,750 

30,750 

102,500 

102,500 

Total 
Savings 

106 

3.3 

24.6 

7.4 

35.3 

6.1 

2.6 

8.7 

44.0 
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The total savings in first cost for space heating and cooling 

amounts to $44 million per year. The corresponding wholesale price is 

$41 million which is to be compared to an additional wholesale annual 

cost of $45 million for glazing and insulation. Since these costs are 

comparable, there will be little if any net cost increase in construc

ing passive solar dwellings. These calculations ignore any increase 

in materials requirements that may result from adding adequate shading 

and thermal mass. 

DIRECT Mt\NPOWER REQUIREMEG:TS 

No additional direct manpower requirement was calculated for con

struction of passive solar houses. There may be some additional on

site labor for additional thermal mass and shading. We have not quanti

fied this because the methods for adding these components are highly 

variable. Wall and ceiling insulation are required by present state 

code. We assume that installation of thicker layers of insulation will 

require negligible, if any, extra effort. Since most double glazed 

window units are prefabricated, no labor will be required beyond that 

already used to install single glazed units. Finally, no significant 

change is anticipated in the amount of labor needed for framing or for 

installing smaller heating and cooling units. Indirect manpower re

quirements will increase because of the increased requirements for glass 

and insulation. These are estimated and discussed in our analysis of 

the third scenario. 
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APPENDIX C 

* DELAMPING IN COMMERCIAL BUILDINGS 

INTRODUCTION 

The delamping program we consider entails the removal of a per

centage of fluorescent light bulbs from the installed fixtures and the 

replacement of them by Phantom™ tubes.** This would result in a uni-

formly lower level of light We assume a delamping program in office 

buildings, retail stores and schools that would take place in Cali

fornia over a five-year period. 

First we estimate the potential power and energy savings that 

would result from lower lighting levels in each building type. We then 

calculate the number of Phantomn1 tubes by building type required for 

this reduction. Next, we translate the power and energy savings into 

capacity and fuel savings. Finally, we discuss the material and manpower 

needed to manufacture and install the Phantom™ tubes. 

POTENTIAL POWER AND ENERGY SAVINGS 

Office Build 

The average lighting level of new office buildings has increased 

over the past twenty years. The potential savings therefore depend on 

the age of the building. The age distribution of average national light

ing levels shown in Table C-l comes from Ross and Baruzzini. 4 Since the 

lighting levels in California are generally higher than the national 

* Data collection and calculations for this section were performed by 
Edward Kahn of the LBL Energy Conservation Group as part of the con
servation research and data collection project funded by CERCDC. 

** 
Most lighting fixtures in office buildings are series-wired multiple 

lamp fixtures. To reduce the lighting level and maintain uniform light
ing throughout the building, two options are available: 1) rewire the 
fixture to take a single tube ballast; 2) install a Phantom™ tube in 
place of the tube removed. The Phantomn1 tube connects a capacitor 
across the contacts and allows the remaining tube to light. Efficiency 
is maintained but the total lighting level drops to 30 percent of the 
original level of the two-tube fixture. 
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average, we scaled up these data to get the lighting distribution in 

California. The average lighting power demand in the state is 3.56 w/ft 2 

2 as compared to the national figure of 2.72 w/ft. Thus we scale the 

power demand by 1.31. Similarly, the in-state energy demand is 1.48 times 

the national value (10.5 vs. 7.1 kwh/ft 2). The average annual operating 

hours in Table C-l are calculated by dividing energy by power demand. 

We take as a goal a reduction in lighting level to 2 w/ft 2 as 

recommended in Ref. 4. The savings in lighting power is shown in col.l 

of Table C-2. Assuming the lighting hours will not change, we calculate 

the potential lighting energy savings. Multiplying these by the exist-

. 'If f h 2. 1 lng commerCla loor space or eac age class glves a tot a power sav-

ings of 740 X 103 kw and a total energy savings of 2.67 X 109 kwh. The 
H1 number of Phantom tubes required, based on a savings of 63 watts per 

tube, is 11.8 million. 

So far we have ignored the commercial floor space that is more 
3 than 20 years old which amounts to 38 percent of the total. These 

older office buildings have, on the average, a lower lighting level than 

the new ones. Furthermore, a larger but unknown percentage are lit with 

incandescent bulbs. We have estimated that the delamping potential for 

these buildings is at most 2.5 million tubes. Because we do not know 

the breakdown between incandescent and fluorescent fixtures for this 

age class, and since the tubes required would be less than five percent 

of those in the total delamping program, we have not included them in 

our calculations. 

Retail Stores 

To estimate potential demand savings for retail stores, we rely 

upon the A.D. Little estimates l of the impact of the ASHRAE 90-75 stan

dard on new construction. This is a reasonable proxy for the distribu

tion of lighting levels in the existing stock because of the role that 

lighting plays in marketing. Retail merchants view lighting as an im

portant marketing tool. Therefore recent construction practice is not 

likely to be very different than the general lighting level in the stock 

of retail buildings, and consequently there is a uniform distribution of 
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Table C-l 

Present Power Demand and Lighting Energy 
Office Buildings 

National California 

Building Lighting Annual Average Lighting Annual Average 
Age Power Lighting Lighting Power Lighting Light ing 

(Years) Demand Energ~ Hours Deman~ Energ~ Hours 
Cw/ft2) (kwh/ft ) (w/ft ) (khw/~ 

0-4 3.43 11. 5 3350 4.49 17.0 3790 

5-9 3.26 10.1 3100 4.27 14.9 3500 

10-14 2.83 9.5 3360 3.70 14.0 3790 

15-19 2.64 7.1 2690 3.46 10.5 31)40 

Table C-2 

Potential Power and Energy Savings 
Office Buildings 

Building Power Energy Office Total Total Tubes 
Age Savin~s Savings Building Power Energy Required 

(Years) (w/ft ) Ckwh/ft2) Floorspace Savings Savings (106) 

-- (10 6 ft2) (10:1 kw) (109kwh) -----

0-4 2.49 9.4 107.9 270 1. 01 4.3 

5-9 2.27 7.9 110.7 250 0.87 4.0 

10-14 1. 70 6.4 87.8 150 0.56 2.4 

15-19 1. 46 4.4 50.8 70 0.22 1.1 

Total 740 2.67 11. 8 
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lighting levels with respect to building age. A.D. Little estimates 

that 8.24 kwh/ft 2 can be saved annually in retail lighting. Assuming 

the typical store stays lit for 3500 hours annually, the lighting 
2 energy can therefore be reduced by 2.35 watts/ft. It is unlikely that 

this estimate will apply to 100 percent of the stock of retail stores 

because not all retail stores will be lit to the levels of stores con

structed today. Since we expect the variation of lighting among retail 

stores to be less than that for office buildings, the lower bound on 

the applicable stock should be given by the estimate for office build-

(62 percent of the stock). From working with the data our intuitive 

feeling is that something more than 62 percent is the appropriate figure. 

We have chosen the figure 85 percent. Obviously, this assumption affects 

our results. Based on 85 percent of the estimate of retail floorspace 

in Ref. 3 of 820 million square feet, and a savings of 2.35 w/ft2, we 

calculate total power savings of 1638 X 103 kw. Converting this into 

Phantom™ tubes required, at a savings of 63 watts per tube, we calculate 

26 million tubes are required. The energy saved is 5.73 X 109 kwh, based 

on 3500 hours per year of lighting. 

Schools 

Using the A.D. Little estimates l of lighting energy than can be 
2 saved in school buildings, we derived an estimate of 2 kwh/ft annually. 

2 
Assuming 2000 hours of lighting annually, this means about I w/ft of 

demand can be eliminated. The estimate of school floorspace, given in 

Ref. 3, of 570 million square feet, yields a total power savings of 

03 ... TIl b . d Th 570 X I kw. NIne mIllIon Phantom tu es are requIre. e energy 

saved is 1.14 X 109 kwh. 

Addi tional 

Reduced lighting levels reduce the heat load of a building. This 

leads to a decrease in the energy and capacity required to cool in the 

surrrrner. It also leads to an increase in the energy required to heat 

during the winter. A rough rule of thumb is that energy requirements 
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for cooling are reduced by 50 percent of the reduction in lighting level, 

and those for heating are increased by 33 percent. Thus there may be an 

additional net energy savings attributable to delamping. 

However, an estimate of these savings requires data on the frac

tion of commercial floor space that is air conditioned and on the effi

ciency of the air conditioners, both of which are presently not available. 

Therefore, we have not calculated the additional energy and capacity 

savings from reduced space cooling requirements which might be expected. 

FUEL AND CAPACITY SAVINGS 

The demand for commercial lighting is nearly constant throughout 

the year and occurs primarily during the daytime and evening hours. We 

assumed that this demand is satisfied by base and intermediate load 

power plants. The reduction in capacity will therefore take place by 

cancelling or delaying base load power plants. Any additional energy 

reduction not accounted for by decreasing capacity is assumed to result 

from a decrease in the amount of residual fuel oil burned. 

Base load capacity savings due to the delamping program are cal

culated directly from the power demand in office buildings and retail 

stores. Since schools are not in use for the full year, we have not in

cluded their power demand in our calculation of base load capacity re

duction. The capacity reduction is the power demand multiplied by 1.1 

to remove transmission losses and divided by (1 - forced outage rate) 

which is taken to be 0.15. The results, shown in Table C-3, total 3080 

MW at the completion of the five-year delamping program. 

Annual fuel savings, shown in the last column of Table C-3 are de

rived from the energy demand savings multiplied by 1.1 to correct for 

transmission losses and by 10,000 BTU/kwh, the assumed heat rate. The 

total savings are approximately 105 X 1012 BTU. This result may differ 

slightly from the savings calculated in scenario 3 because the heat rates 

used there are tied to the particular type of capacity obviated. 



Table C-3 

rements from Delamp 

Power i Annual Fuel 
Tubes Demand Demand Reduction Savings 3 

red Reduction (10 12 BTU) 
(1 kw) 

Office Bui 11.8 2.67 740 960 29 

Retail Stores 26.0 5.73 1640 2120 63 

Schools 9.0 1.14 570 13 

Total 46.8 9.54 2950 3080 105 

a. Annual fuel savings after completion of the program. 

b. Schoo s are not included in base capacity reduction because are not in use 
the year, 

, 
f-' 
N 
o 
I 
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DIRECT MATERIAL AND NJANPOWER REQUIREMENTS 

The Phantom™ tubes consists of an uncoated fluorescent tube with 

a capacitor connected from one end to the other. Presently the compon~ 

ents are purchased separately and assembled by hand. Assembly requires 

soldering and gluing. It appears likely that production of Phantom™ 

tubes for a large~scale delamping program would be mass produced, per~ 

haps by firms currently producing fluorescent bulbs. In this case, 

Phantom™ tube production would be substituted for fluorescent tube 

production to the extent required by the delamping program. Under these 

circumstances, as a first approximation, there would be no appreciable 

change in employment for production. The materials are similar for both 

products; therefore there would be no appreciable change in income to 

other sectors as production shifts from fluorescent to Phantom™ tubes. 

This statement does not hold for a few inputs unique to each product. 

If vve assume that the installation of Phantom TM tubes would be done during 

routine replacement of fluorescent tubes, there would be no added employ

ment impact for installation. We will use these assumptions for our cal

culations of the indirect impacts in the third scenario. 
TM If the Phantom tubes are not mass produced, which may be a less 

likely case, the wholesale price would be approximately $5.l0/tube in 

large lots. This amounts to approximately 240 million dollars for the 

statewide delamping program, of which 43 million would be for direct 

labor. Installation would require an additional 30 million dollars if 

not undertaken during routine replacement. The details of these calcula

tions are given in Tables C-4, C-5, and C-6. 
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Table C-4 
TM Direct Material Inputs for Phantom Tubes 

Item 

d Bipin Connectors 
e Glass Envelopes 

C 
. f apacltors 

Total g 

Whole~3le Priceh 

SIC 
Code 
1972 

2891 

3357 

3643 

3229 

3629 

a. Includes shipping cost. 

Input-Output Cost/tube a 

Sector $ (1976) 

24.04 .0032 

38.10 .057 

55.03 .067 

35.01 .160 

53.08 .856 

1.143 

5.12 

Cost of Program 
103 $ (1976) 

150 

2,670 

3,150 

7,490 

40,000 

53,500 

240,000 

b. Hot melt glue suitable for glass and aluminum at $3.17/lb - estimated to 
be good for 1000 tubes. Price from Cal-State Distributors: Cold and Hot 
Melt Glue Systems, 1628 E. 14th St., Oakland. 

c. Wire at $13.34/100 ft; 4 ft/tube. Beldon: 20 gauge; 7 strand. PUC jacket 
tinned. Depending on the type of wire used the price of this item could 
vary by a factor of two. 

d. Cost $29.70/thousand. Shipping cost to west coast: $4.00/1000. Source: 
G.E. Lamp Products Division. 

e. Cost for envelopes; 4 ft. $65.65/1000, 8 ft. $124.75/1000, Other $100.00/ 
1000. Current mix of sales for Phantom™ tubes 70 percent 4 ft., 18 per
cent 8 ft., and 12 percent other. Shipping costs to west coast: $60-100/ 
1000 tubes depending upon size and weight. Source: G.E. Lamp Products 
Division. 

f. Assumes 90 percent of sales are Sprague 277-P or equivalent at $640/1000. 
Approximately 10 percent of sales with capacitor costing 4 times as much. 
Sources: William J. Purdy Co. and Development Sciences. Inc. 

g. The solder input is assumed to be negligible. Also, there is no allowance 
for breakage or theft. 

h. Cost for sales in large (20,000) lots. Price for medium size lots (1000) 
is $6.25/tube; small lots cost more than $7/tube. Source: Developmental 
Sciences, Inc. Cost in table includes l2¢/tube for shipping. 
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Table C-5 

Direct Labor Inputs for Phantom TM Tube Production 

State delamEing Erogram 

Type of Labor Wage f..1an-hrs/ Cost/ Cost Labor 
$/hr tube 103$ a man-yrs 

$ (1976) 

Assemblers (unskilled) 2.50 0.23 .57 26,700 5380 

Supervisors 6.50 0.03 .18 8,400 700 

Shipping-Packing 3.50 0.02 .07 3,300 470 Receiving-Secretarial 

Quality Control 6.50 0.01 .09 4,200 230 Inspectors 

Total (on average) 3.16 0.29 .92 43,000 6800 

Installers 5.80b 0.11 .64 30,000 2570 

a. Assumes 50-week work year; 2 weeks paid vacation. 

b. Assumes a team of two persons, consisting of an apprentice electrician 
at $6.S0/hr and a laborer at $4.S0/hr. 
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Table C-6 

Summary of Direct Inputs 

Cost/tube Cost of Program 
$ (1976) 103 $ (1976) 

Labor 0.916 42,900 

Materials 1.143 53,500 

Capita1 a 0.008 400 

Rent b 0.076 3,600 

Shipping c 
0.120 5,600 

Sub-total 2.263 105,900 

Wholesale Price d 
5.12 240,000 

Installation .64 30,000 

Price + Installation 5.76 270,000 

a. Assumes a five-year program, the mInImum amount of time esti
mated by the manufacturers to amortize investment in machinery 
and air conditioning equipment in leased floor space. An esti
mated $100,000 capital is needed to product 2.5 X 106 tubes/ 
year, so in five years this capital can produce 12.5 million 
tubes. Capital expense estimate from Developmental Sciences, 

, Inc. 

b. 100,000 ft 2 floor space is required for production of 2.5 X 106 

tubes/year. The cost is approximately 16¢/ft2/month assuming 
that one-half of the floor space is air conditioned. 

c. $12-15 shipping/IOO tubes. Costs lower for larger orders. 
Source: Developmental Sciences, Inc. 

d. See footnote h, Table C-4. 
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APPENDIX D 

RETROFIT CEILING INSULATION 

INTRODUCTION 

The retrofit insulation program is designed to upgrade the ceil

ing insulation to an R-19 standard in approximately 4.5 million exist

ing residences. Increased ceiling insulation serves to retard heat 

loss through the ceiling during the winter, and to limit heat gain 

through the ceiling during the summer. We decided to limit our esti

mates to ceiling insulation because it appears most likely to be retro

fit. The basic operation involves unrolling insulation batts or blow

ing loose insulation into the attic. Obviously additional energy savings 

are possible by retrofit insulating walls also, but this is a more 

difficult operation. 

While the central concepts regarding retrofit ceiling insulation 

are simple, the calculations of the energy and capacity savings, and 

material and manpower requirements are not. Factors that can affect the 

potential energy savings include the number of dwellings that can be 

retrofit, the amount of insulation in the existing housing stock, the 

percentage of this stock with open beamed ceilings or flat roofs (and 

therefore less likely to be insulated), and the quality of the building 

materials, glazing, and weather stripping in the present stock. This 

information is not available. Therefore we have had to make estimates 

based on very small samples and extensive assumptions. Our calculations 

should be interpreted as rough estimates that at best indicate the order 

of magnitude of the savings. Because of the imprecision inVOlved, we 

have tried to be conservative in our estimates. 
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* MATERIAL AND ~~POWER REQUIREMENTS 

For the calculation of the materials and labor requirements. we 

assume the housing stock can be categorized into three types: single 

family, two unit multifamily, and mobile. We have estimated the number 

of dwellings with gas heat or electrical heat for each type and their 

average roof areas; these data are shown in Table D-l. 

The calculation of the amount of insulation required is summar

ized in Table D-l. Of the existing single family houses. about 2.3 
I million are gas heated. There are an additional 245 thousand electri-

cally heated single family homes that are estimated to have an average 

insulation level of R_7. 2 To bring all these single family dwellings 

up to the R-19 standard would require 3.4 X 109 ft 2 of insulation. Simi

larly, we estimate there are 1.2 million gas heated 3 and 480 thousand 

electrically heated2 multifamily dwellings that are not fully insulated. 

We assume that due to structural variations, such as flat roof construc

tion, only half of them are insulatable. This gives us about O.S X 10
9 

ft 2 of roof area to be insulated. There are also 300 thousand uninsula

ted mobile homes in the state,4 most of which are gas heated. This 

represents an additional 0.3 X 109 ft 2 that can be insulated. Thus a 

total of 4 X 109 ft 2 of R-19 equivalent insulation will be required for 

this program. 

The current wholesale price of R-19 insulation is $0.12 per square 
5 foot and the installed price is $0.22 per square foot. This gives a 

direct materials cost of $480 million and a direct increase in value 

added of $400 million. We estimate that 8000 man-years of labor will be 

needed for installation. 6 The insulation used will be either mineral 

wool or fiberglas which are the principal outputs of the mineral wool 

industry (SIC code 3246). Using data from the 1972 of Manufac-
~~~~~----------~ 

7 
tures, 

tion. 

* 

we estimate the number of workers needed to produce the insula

It requires 17,500 employees to produce $730 million worth of 

Data collection and calculations for this section were performed by 
Robert Clear of the LBL Energy Conservation Group as part of the con
servation research and data collection project funded by CERCDC. 



-128-

Table D-l 

Requirements for Retrofit Ceiling Insulation 

Number of Dwellings a 

(mi 11 ions) 

Gas Heated 

Number uninsulated 
(millions) 

Ceiling area per unit 
(ft 2) 

h Insulatable area 
(l09 ft 2) 

Electrical} Heated 

Single tvlul ti-
Family ral!l~~!Z 

4.8 2.4 

3.2 0.3 

* 

Mobile 

-<~---

0.4 

0.3 

Number 0 f un its i 0.245 0.48 (millions) 

Ceiling area per unit 
(ft2) 

h 
Insulatable area 
(l09 ft 2) 

Area of R-19 equival~nt 
insulation (10 9 ft2)J 

Total Area of R-19 
Equivalent Insulation (10 9 ft 2) 

* Based on 1975 data. 

a. Reference 2 

b. Reference I 

Reference 3 

d. Reference 4 

1450e 550 f 

0.4 0.3 

0.2 0.17 

3 A ."+ 0.47 0.3 

Total 

,- . ~ 

''v 4 . 0 

3.8 

0.7 

0.4 

'\4.0 

Area of a "typical" e. single family house being use in the TWOZONE program. 

f. Roof area for a "typical" two story multifamily structure containing two 
units is 1100 ft2. 

g. Calculated from average lengths and widths in a mobile home park resi
dents survey. See Ref. 9. 

h. We have assumed that 95 percent of all single family and mobile units 
have insulatable ceilings. A much smaller fraction of multifamily dwell
ings are insulatable to R-19; we assume this fraction to be approximately 
0.5. 

i. Mobile units are excluded because of lack of data. 

j. We assume that the average insulation in electrically heated homes, pre
sently is R-7, and the desired insulation level is R-19. Therefore the 
total amount of R-19 equivalent insulation is derived by multiplying the 
insulatable area by 12/19. 
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insulation at a producer's price of $0.06 per square foot. This amounts 
9 2 to about 1500 employees per 10 ft of insulation produced, or a total 

of 6000 employees needed for the full program. In Table D-2 we break 

this total down by skill. There are additional indirect manpower and 

materials needed to produce the materials used by the mineral wool sec

tor. These are calculated using the input-output model described in 

Appendix A. 

* Energy Savings 

We have estimated the energy savings from the retrofit insulation 

program for both space heating and cooling. The cooling estimates have 

been done for single-family housing only. Table D-3 displays the data 

we have used in these calculations. The first column shows the number 

N. of dwelling units of each type with gas heat. electric heat, central 
1 

air conditioning, or room air conditioning. The fractions, f. of each 
J 

housing type with a given level of insulation (R-O, R-7 or R-19) are 

shown in the next three columns. An estimate M. of the fraction of each 
1 

type that can be retrofit insulated to R-19 is indicated next. 

W h d h 8. h e ave use t e program TWOZONE to est1mate t e energy consump-

tion E .. of each end use as a function of housing type and amount of in-
1) 

sulation. These calculations have been normalized to aggregate energy 

consumption data reported by the utilities as follows: 

E (utility) 
E~. '" E .. 

1J 1J 
(D-l) 

Z f.' f.· E .. 
iJ 1 J 1J 

where the indices i and j denote housing type and level of insula

tion, respectively. E(utility) is the average energy consumption for the 

device provided by the utilities, and f. and f. are the fraction of hous-
1 J 

ing type and degree of insulation, respectively. The resulting energy 

consumption by device E!. for each housing type and insulation level is 
1J 

* Data collection and calculations for this section were performed by 
Robert Clear of the LBL Conservation Group as part of the conservation 
research and data collection project funded by CERCDC. 
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Table D-2 

Labor Requirements for Insulation Production and Installation 

Percentage 
Classification Breakdown 

Manufacture 
Total 100 

Production Workersb,d 82 
Machinists 34 
Packaging 20 
Warehouse-loaders 10 
Quality Control Inspectors 5 
Secretaries and Typists 5 
Engineers and Managerial 5 
Accountants 3 

Other Workers 
Including Sales, General 
Administrative and Other 
Overhead 

Installation 
Installers C 

18 

a. Calculated from Tables 1 and 3 of Ref. 7. 

Employee-years to Meet State
wide Retrofit Insulation Pro
gram of 4 X 109 ft 2 Insulation 

4920 
2040 
1200 

600 
300 
300 
300 
180 

1080 

8000 

b. The percentage of workers in production (82%) is from Table 1 of Ref.7. 

c. See Ref. 6. 

d. The breakdown of production workers by occupation was made by a plant 
engineer at TIle Willows Plant of Johns-Manville, WillOWS, California. 



Tahle 0-3 

Annual Energy Savings from Retrofit Cei ing Insulation at Completion of the Program 

N. 
1 

Housing Type End Use No. of Houses a 

Per End Use 
Category X 106 

Single Fami Gas heat 2. 

Elec. heat .245 

Central Ale .6Il9 

Room Ale 1. lI9 

Multifamily Gas heat 

Elec. heat .482 

Mobile Gas heat 

BTU 

Total Annual Savings 

Natural Gas 99.4 X 

Electricity 440 X kwh 

0 

.08 

.23 

0 

a. Unless otherwise noted, these data are derived 
3 and 4 of Ref. 2 

See Table 0-1 and accompanying footnotes. 

f 
J 

0 

0 

.77 

0 

E 
j 

s .. 
1] 

Am-mal Unit Fractions 
Insulatable Consumption Before hy Insulating to 

----

0 .95 .35 

9040 kwh .09 

.92 36]0 kwh .IB2 

0 llB3 kwh 1046 .182 .075 

0 .5 4SXI0"BTU .29 

0 .5 3320 kwh .05 

0 .95 .35 

saturations of ing cool stock 

Loss 
Factor 

Statewide 

L08 

1-

l. 

l. 

1 ~ 1 

. 08 8 . 

Tables 

c. ~ie have assumed that. in heated houses no insulation installed (R-O) electricall.y heated houses a smal amount 
(R-7) . regards to we have used the results of Ref. 1. a 1 though it appears to us that these fract ions overest imate 
the amount of insulation in both central and room "i. conditioned dwellings. 

d. For both fami and mobile homes, the present stock s vi rtual1y alIi atable. As multifamily residences, assume that 
only half is capable of being retrofit insulation. 

e. The annual energy consumption per end use is from Ref. 2, dis81ggregated by inSlllntion level using the results from TWOZONE. See text. 

f. These savings estimates are from computer simulation runs using TWOZONE (Ref. Bl. 

;-0 

IN 
H 
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shown in Table 0-3. The fraction energy savings S.. shown in the ad-
1J 

jacent column is taken directly from the TWOZONE calculations. 

The energy savings is then given by: 

E. (savings) 
1 

N.· f.. M.· [' . S .. · T. 
1 J 1 ij 1J 1 

(D-2) 

where T. corrects for transmission losses. The savings vary from nine 
1 

percent to 35 percent depending upon the end use and the amount of in-

sulation assumed before retrofit. The total estimated annual savings 

are 99 X 1012 BTU of natural gas and 440 X 106 kilowatt hours of elec

trici ty. 

Two factors lead us to suspect our electricity savings estimates 

are conservative. First, the percentage of households that have room 

or central air conditioners and are uninsulated is based on a survey of 

one service area. l We suspect the estimate of uninsulated residential 

units is low because the survey is drawn from a sample of owner occupied 

homes. These are much more likely to be insulated. Thus there are prob

ably more houses with little or no insulation than our estimates of f. 
J 

indicate. Second, our energy savings estimates from reduced cooling loads 

exclude multifamily and mobile homes. 

\lie have estimated the impact of the retrofit insulation program on 

energy savings only. Although there probably is a capacity savings, it 

is extremely difficult to estimate. In the short run, the stock of air 

conditioners is fixed; therefore no change in capacity will occur, only 

the duration of use of the unit. But in the long run when air condition

ing saturates and the stock begins to turn over, we suspect that smaller 

units may be purchased than would otherwise be the case if no insulation 

is retrofit. Thus in the long run we expect there are capacity savings 

that we have not attempted to quantify. 
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APPENDIX E 

ANALYSIS OF WIND POWER 

The data used in this analysis of wind as an energy source have 

come from a Lockheed Aircraft mission analysis of wind for ERDA, of 

which we have a draft copy.l We have also had conversations with 

Michael Dubey of Lockheed, one of the authors of the report. 

The Lockheed analysis concentrates on horizontally-mounted wind 

turbine generators (WTG) , and looks at costs of delivered energy as a 

function of several parameters, including rotor diameter and average 

wind speed. We have chosen to use the analysis for a lOS-meter rotor 

diamet er, 40001\1Ve WTG, primarily because Lockheed has fully developed 

the data for that particular size. Although this is about a factor of 

three larger than the 38 meter diameter Vv'TG buil t by NASA/ERDA 

in Ohio, it is felt to be realistically achievable by Lockheed. 2 

This WTG has the lowest cost per unit of energy, although other 

sizes are not significantly more expensive. A summary of the capital 

costs, power rating at an optimal average wind velocity and energy costs 

are given in Table E-l. The capacity factors, according to the estimate 

by Lockheed in Fig. 4.2·-13 of ReL 1, do not vary significantly as a 

function of size for power rat above 1000 KWe; these estimates vary 

only sli ly with average wind velocities between 6 and 10 meters/sec. 

The tal costs for one 4000 KWe WTG can be broken down into 

three main categories, the purchased equipment, the on-site construction 

(tower and pad), and on-site labor. These are shown in Table E-2. Lock

heed's mission analysis also includes estimates of materials and man

power requirements for the direct and indirect requirements. These are 

shown in Tables E-3 (materials) and E-4 (manpower). 

The estimate of labor required on-site of 8.7 man-years per unit 

is the year-by-year construction requirement. Lockheed estimates that 

one work team can build 10 units per year; each team would cDnsist of 

87 persons and require 0.1 year to build one WTG. A deployment rate of 

more than ten units per year will require more than one construction 

team, and will be reflected in the direct manpower requirements. 



-135-

Table E-l 
* Summary of Size and Cost Characteristics of WTG 

Rotor Power Capi tal Energy Cost in ¢!KWe (1975 ) 
Diam. Rating a (;osts Average Wind Speed, meters/sec 

(meters) CMWe_) _ (106 $1975) 6 7 8 9 10 

60 1 0.72 3.8 2.8 2.2 1.9 1.7 

79 2 1. 20 3.1 2.3 1.8 1.6 1.5 

93 3 1. 71 2.8 2.1 1.7 1.5 1.4 

105 4 2.24 2.8 2.1 1.7 1.5 1.4 

122 6 3.27 2.8 2.2 1.8 1.6 1.5 

Average Capacity Factor b 

.51 .54 .57 .58 .59 

to to to 

.56 'V.56 'V.56 

* Taken from Table 4.5-1, and Figs. 4.5-3 and 4.5-8 of Ref. 1. 

a. Power rating at an optimal average wind speed of 7 meters/second, 

b. Approximate extrapolations based on Fig, 4.2-13 of Ref. 1. 
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Table E-2 

Capital Costs for 4000 KWe WTG, 

Purchased Capital Equipment 
General EquipmentC 

Gear Box 
Other Drive System Components 

Instrumentation and Controlsc 

Turbine Controls 
Yaw Control 
Power Conditioning 

Electrical EquipmentC 

Generator 

Mi sce 11 aneousc 

Blades 
Hub 
Platform 

Equipment Subtotal 

164.8 
200.6 

14.5 
106.6 

39.3 

81. 8 

552.6 
559.1 
153.3 

Capital Resources for Construction 
Structural Products (tower, rebar) 137.0 

Concrete (foundation) 80.S 

Materials Subtotal 

On-site Labor. Misc. Construction 
Site Preparation 
Transportation 
Assembly and Erection 

Labor Subtotal 

Total Capital Costs d 

a. Taken from Table 4.5-1, Ref. 1. 

22 .1 
32.2 
90.8 

365.4 

160.4 

81. 8 

1265.0 

----
1872.6 

217.8 

145.1 

2235.5 

h 3rd Quarter 1974 

325.2 

142.8 

74.4 

1125.9 

126.1 
74.3 

1668.3 

200.4 

137.9 

2006.5 

b. Deflators taken from the 
1976. 

of Current Business Aug. 1975 and July 

c. Categories from Bechtel Energy Supply Planning Model. 

d. Total capital costs do not include owners' costs, such as land, trans
mission interties, etc. 



Table E-3 

Materials rements for 4000 KWe WTG, in 1 Ibs .a 

Total Carbon Concrete Aluminum Steel Stainless Steel 

wei steel wire forgings castings alloy tubing sheet 

36.5 31. 0 5.5 
Hub 52.7 52.7 
Gear box 88.9 7 . 17.8 
Generator 21.0 8.4 8.4 4.2 
Rotor controls 0.5 0.2 0.1 0.2 

Other transmission 51.3 20.5 30.8 
Yaw control 85.9 3.4 63.6 .7 17 .2 
Platform 192.5 192.5 --

I 

Subtotal 529.3 192.5 31. 0 11.8 222.0 23.7 48.0 o. 0.2 >-' 
V-l 
---l 
I 

On-site Assembly 
Tower 188.8 188.8 
Foundation 1002.0 150.3 851. 7 

Subtotal 1190.8 339.1 851. 7 

1720.1 531. 851.7 31.0 11.8 222.0 h 23.7 h 48.0 h 0.1 h 0.2 h 

a. Taken from Table 8.2-1, Ref. 1. 

b. 3 Total steel - 825.6 X 10 Ibs. 
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Table E-4 

Manpower Requirements, 4000 KWe WTG (per unitt 

Labor Category 
-~--"-----

Manufacturing 

On-site Labor 

Site Preparation 
Transportation 
Assembly and Erection 
Foundation 

On-site Subtotal 

TOTAL 

Man- hours 

142593 

2000 
951 

9494 
4444 

16889 

159482 

a. Taken from Table 8.5-1 of Ref. 1. 

b. Using 1920 hrs/man-year. 

b Man-years 

74.3 

1.0 
0.5 
4.9 
2.3 

8.7 

83.0 



Lockheed has estimated the yearly operations and maintenance as 

three percent of the capital cost. No further breakdown of this num-

ber was made; hence the total cost incl manpower, materials, and 

spare parts is $60,000/year (3rd er, 1974). 

One can assess the application of this particular WTG in California. 

At an annual average wind speed of 7 meters/sec (16 miles per hour) I the 

average power density of the wind (proportional to the cube of the aver

age velocity) is 400 watt square meter. Data on annual wind velocity 

and frequency patterns are available for much of the U.S., including 

California, although most of these data are measured at heights of 10 

meters. The WTG of interest here would have a ground-to-hub height of 

nearly 70 meters; corrections would have to be made for this additional 

height since there is a wi -sheer zone close to the earth's surface. 

This boundary layer is up to several hundred meters in thickness depend

ing upon the exact nature of the terrain. 

As a part of their Wind Mission Analysis, Lockheed has gath-

ered the available data on wind in the western states, and corrected these 

to SO and 100 meter equivalent heights. 3 This survey shows, that for 

California, 10 areas out of approximately 80 reported had wind power den-

sities exceeding 400 W/m2, corrected to 50 m hei I and 29 exceeded 

400 W/m
2 

at 100 m height. Lockheed has done more detailed wind energy 

measurements at several sites in California, all with potentials of greater 

than 400 w/m
2 .

3 

One final parenthetical note. The major environmental consequence 

associated with at least a moderate level of WTG use is land use. The 

si ting of an array of WTG' s would have to be done in such a way as to 

prevent wind shadow effects, Lockheed estimates that ten rotor diameters 

is sufficient distance between each WTG. So for a total of 1 GWe (each 

with 105 meters rotor diameter, and rated at 4 MWe) sited in one array, 

the total land use is 263 square kilometers or approximately 100 square 

miles (64000 acres). This does not mean exclusive dedication of this 

land, although one would probably not want to allow permanent structures 

within the area of impact of the generator should it blow over (the ra

dius of such as area is approximately equal to one-half the rotor diam

eter plus the tower height, or 2.9 X 10
4 

m
2 

per tower). 
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APPENDIX F 

SOLAR THERMAL«ELECTRIC POWER PLANTS 

Research and development has been initiated in several areas on 

solar thermal-electric generation. ERDA has contracted with Honeywell, 

McDonnell-Douglas, and Martin Marietta to develop a 10 MW central re

ceiver solar thermal pilot plant and with Boeing Corporation to develop 

heliostats. Sandia Laboratories, Livermore, California is the techni

cal manager for these projects. An overall perspective on these ERDA 

projects was gained from a meeting held at Sandia Laboratories with 

Clifford Yokomizo. 

Unfortunately, useful detailed cost information was unavailable. 

The major difficulties include the variety of designs each of which 

emphasize different building materials. For example, the heliostats 

designed by Honeywell have glass mirrors on a steel framework while 

Boeing's heliostats have a metallized plastic film on an aluminum frame 

which is enclosed in a protective dome. Another example is the differ-

ence in the actual components of the em; McDonnell-Douglas and Mar-

tin Marietta will use sensors to orient the reflective surfaces while 

Honey\vell and Boeing plan a computer controlled system for orientation. 

Since the final design may come from any of these designs (to be chosen 

at a test facility) it is difficult to predict which of these techno

logies will be used. Consequently, costs are difficult to predict. 

Secondly, the costs involved in building the pilot test facilities and 

the demonstration plant are not representative of the costs of a commer

cial central-receiver solar thermal plant. Thus the cost estimates are 

too aggregated for use in the input-output table, incomplete, and not 

reliable as indicators of future actual costs of this type of plant. 

The California Department of Water Resources has joined with Wis

mer a Becker, Contracting Engineers, in submitting a proposal to ERDA 

for the development and testing of component systems for a pilot solar

electric power plant. This proposal is based on a multi-module s01ar

electric plant concept developed by Professor Otto J.M. Smith of U.C. 

Berkeley. The multi-module solar collection concept provides an alter

native to the central recelver solar energy collection concept. Our 
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efforts to obtain cost information on the level detailed material 

and labor inputs have once again proved to be premature. The costing 

process used by the en ers at Wismer & Becker does not eld costs 

by the categories which would enable us to analyze the indirect im

pacts of producing the necessary bill of materials. On the other hand, 

the aggregate cost figures arrived at are built upon careful estima

tion techniques and appear to be reasonable when used with appropriate 

caution at the aggregate level. We have decided to use these estimates, 

appropriately deflated to 1974 values so as to be consistent with our 

data base. These data are presented in Table F-l. The multi-module 

design uses a 3l2-mirror array for each tower-receiver, and requires 

1100 of these tower-mirror field modules for a 100 Mh' plant. The heat 

storage, turbine generator, and instrwnentation are used by the ent i re 

plant. 

On-site manpower costs have been derived from this table, assum

ing 80 percent of the installation cost is labor, and using a labor 
3 cost of $30,000/man-year. This gives 1070 X 10 man-hours or 557 man-

years for each 100 MWe plant. 

The Wismer & Becker report estimates annual ing and mainten-

ance costs at 3 X 106 (1976 dollars) (2.3 X 106 1974 dollars). No fur-

ther disaggregation of this cost is given; their estimate comes from 

operating and maintenance costs for coal-fired power plants. 

A comparison of the Wismer & Becker estimates with other cost fig

ures are shown in Table F-2. It is apparent that, while the estimates 

differ by up to a factor of 2, the Wismer & Becker values are just below 

the average of the estimates given, 

The Electric Power Research Institute is currently sponsoring re-

search directed at the problems of generating electrici from solar 

electric power plants early in 1977. We have v 

that the estimates we have incorporated into our 

fied by conversation 

ions fall with~ 

in, although at the low end, of the range of costs which they presently 

foresee. 
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Table F-l 

Estimated Capital and Construction Cost of 100 HWe Solar-Electric Power Plant 

Costs Per Module 

Mirror System: 312 X $180 

Towers 35 Meters High 

Windowed Receiver 

Subtotal 

Installation Cost Per Module 

Tower and Foundation 

Piping 

Mirrors 

Mirror Controls, Wiring 

Roads 

Adjustment and Checkout 

Subtotal 

Total Cost Per Module 

100 ~v Power Plant Cost 

1100 Modules at $84,000 

Heat Storage 

Heat Exchangers, Turbine Generator, 
Transformer Switchyard 

Central Computer System 

Subtotal 

Interest During Construction 

Total Capital and Interest Cost 

1976 
dollars 

$ 56,000 

4,000 

5,000 > 

$ 65,000 

$ 2,000 

2,000 

3,000 

6,000 

1,000 

_~2-000 

$ 19,000 

$ 84,000 

$92,000,000 

4,000,000 

20,000,000 

1,000,000 

$117,400,000 

12,800,000 

$130,200,000 

Source: Phase 1, Engineering Development and Testing of Component Systems for 
a Pilot Electric Power Plant ~ an unsolicited proposal submitted to 
ERDA by Wismer & Becker Contracting Engineers (Sacramento, CA) and 
the California Department of Water Resources, March 1976. 



-144-

Table F-2 

Estimates of Capital Costs for Solar Thermal Power Plants 

Central Receiver, 100 MlVe plant 

McDonnell-Douglas 
Project Independence 
Aerospace Corporation 
Jet Propulsion Laboratory 

no storage; dry cooling 
6 hr storage; wet cooling 
12 hr storage; wet cooling 

Distributed Collectors, 100 MWe plant 

Wismer & Beckerb 

Jet Propulsion Laboratory 
steam, superheated, 6 hr 

storage, dry cooling 

1146 
811 
856 

1400 
1570 
2090 

1110 

2415 

Total Cost 
(millions) 

115 
81 
86 

140 
157 
209 

III 

242 

a. Original cost data deflated to 1974 dollars using construction cost 
indices for commercial and factory bui Idings from the of Cur--
rent Business. 

b. Designed by Otto Smith, Ph.D., Berkeley, California. 
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APPENDIX G 

ENERGY GENERATION FROM MUNICIPAL SOLID WASTE 

We have evaluated cost estimates for a variety of systems for 

convert'ing municipal waste to energy. Direct combustion, conversion 

to fuel oil and to gas were considered. We examined the latter two 

in greatest detail; specifically. the Occidental Research Corporation's 

Flash Pyrolysis Systeml (FPS) that produces fuel oil,and the Union 

Carbide Corporation's Purox System2 that produces fuel gas. Based on 

the following criteria we chose to incorporate the Purox System into 

our analysis: 1) pollutants; 2) fuel characteristics; 3) resource 

recovery; 4) energy efficiency; and 5) data availability. They are 

discussed in detail below. 

POLLUTANTS 

The Purox System produces fewer water and solid waste pollutants. 

It has no air effluents while FPS is expected to have particulate emis~ 

sions which may exceed air pollution control standards in some Calif

ornia districts. For example, the Occidental Research Corporation anti

cipates S02 releases that exceed the Bay Area Air Pollution Control Dis

trict limit of 300 ppm. (Scrubbers to remove the sulfur compounds re

present a significant additional expense, e.g., 20 percent of the capital 

cost of a coal gasification plant.) The Purox System has one water 

effluent which will be treated on~site to make it acceptable for the muni

cipal sewer system. The FPS produces three water effluents. According 

to Occidental Research one of these effluents (COD at 100,000 ppm) is 

the only potentially significant disposal problem. The solid waste pro~ 

duced by the FPS is not entirely inert and therefore must be landfilled 

at additional cost. The Purox System produces a granular glassy aggre

gate solid waste that is entirely inert and is saleable as a construction 

material for roads. The difficulty of the FPS regarding pollutants is 

that areas of population concentration, which provide the major reliable 

sources of solid waste, are also the areas in which pollution control 

regulations are the most stringent. 
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FUEL CHARACTERISTICS 

The gas produced by the Purox System is a medium BTU fuel (375 

BTU/cubic ft) that can be used directly in existing power plant sys

tems that use natural gas (see Tables G-l and G-2). The only modifica

tion necessary is an increase in the inlet burner size because a greater 

volume of the fuel gas relative to natural gas must be burned to obtain 

the same amount of heat. Although the gas must be pressurized before 

being transported to the power plant, the technology for this is well 

developed. In addition it is a clean burning fuel because potential 

pollutants have been scrubbed. The oil produced by the FPS requires 

special handling procedures. It is somewhat acidic and thus is corrosive 

to mild steel. Also it tends to polymerize in storage. This comparison 

of the fuel characteristics suggests that gas may be easier to market_ 

RESOURCE RECOVERY 

The Purox System recovers 90 percent of the ferrous metals, hut 

has no system for recovering either glass or aluminum. The FPS has three 

subsystems that recover ferrous metals, glass and aluminum. The front 

end separation and materials recovery represents a daily cost of $7100/ 

ton in the FPS and $3400/ton in the Purox System. If consumer incen

tives, such as a bottle bill were adopted, the glass and aluminum content 

of the municipal solid waste would be greatly reduced and the FPS recov

ery subsystems would not be needed. 

ENERGY EFFICIENCY 

The Purox System is more energy efficient than the FPS. Estimates 

of the Purox energy efficiency range between 63 and 67 percent, while 

Occidental Research estimates that FPS will yield 33 percent net energy 

recovery (see Table G-3). 
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Table G-l 

Fuel Gas Composition
a 

Constituents Volume 0, 
/0 

~--.-"--~-.-- .~~--,--

CO 47 

H2 33 

CO
2 

14 

CH
4 

4 

C
2

HX 1 

N2 1 
106 

a. Based on' 7 X 1 BTU of gas per ton of refuse processed. 

* 

Table G-2 

Comparison of Refuse Converter Fuel Gas with Natural Gas 

Heating Value, BTU/SCF
b 

Air Required for Combustion:
b 

SCF Air/SCF Gas 

SCF Air/Thousand BTU 

Combustion Products: c 

SCF/Thousand BTU 

Refuse Converter 
Fuel Gas 

375 

2.4 

8.0 

9,4 

, G a Natural as 

1000 

9.5 

9.5 

10.5 

Source: Union Carbide 

a. 

b. 

c. 

Assumed to be methane. 
o 

SCF - Standard Cubic Feet, measured at 60 F and 1 atmosphere. 

Calculated for complete combustion with stoichiometric volume 
of air. 
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Table G-3 

Energy Balance in a 2000 TID Purox System 

Available Energy in Refuse
a 

Energy Losses in Conversion 
Processb 

Energy Available in Fuel Gas 

Fuel Gas Uses: 

Process Steam 
Building Heating 
Energy to Maintain Auxiliary 
Combusion Chamber at Opera
ting Temperature 

Net Energy Available in Fuel Gas 

Source: Union Carbide 

Mi Ilion 
BTU/hour 

832 

140 

692 

32 
20 

14 

616 

Percent 

100 

17 

83 

4 
2 

2 

75 

a. Based on a refuse heating value of 5000 BTU/lb. 

Million 
BTU/ton 

9.5 

2.0 

7.5 

b. Includes latent heat of moisture in refuse, sensible heat of fuel 
gas, heat content of molten slag and metal, and heat leak. 
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COST DATA 

The Purox System has been demonstrated and is available commer-

cially. A two-hundred ton/day facili es in Charleston, West 

Virginia. A schematic of the system is presented in Fig. G-l. 

We obtained cost information from Union Carbide for a 2000 toni 

day facility. Because of the proprietary nature of the cost estimates, 

we were not supplied the working papers that show individual component 

costs in each SIC code. In Table G-4 the data are presented in a form 

compatible with the data in the Supply Planning Model. This 

required scaling the data by a multiplier of 2.13 suggested by Union 

Carbode to approximate the cost of a 6000 ton/day facility. The total 

cost is 144 million 1974 dollars. 

A 6000 ton/day plant can produce 1.53 X 10
13 

BTU of gas annually 
9 

at the rate of 1.88 X 10 BTU/hour. This annual level of energy is suf-

ficient to power a 400 ~flV combined cycle power plant operating at 40 

percent thermal efficiency with a capacity factor of 50 percent. However, 

t0e power plant consumes gas at a rate of 3.41 X 109 BTU/hour which is 

higher than the Purox System's rate of production. Thus we assume that 

the facility contains a pressurized gas storage tank that permits gas 

consumption at this rate. 

In the Energy Supply Planning Model a biomass unit includes a 

6000 ton/day Purox plant supplying gas to a 400 MWe combined cycle power 

plant. The capital and operating cost data for the two plants were com

bined to represent this single unit. It was also assumed that the Purox 

plant would be built over the same time period that the combined cycle 

plant would be built. Operating costs for the Purox plant (three per

cent of capital investment) include maintenance and repair costs and 

labor costs but do not include capital writeoff, Purox system operating 

fee and other miscellaneous costs. 
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Title 

Sawmills and Planing Mills 
General Products 

Concrete Products and Ready
Mixed Concrete 

Heating Eqpt except electric 

Fabricated Structural Steel 
Fabricated Plate Work 
Fabricated Metal Products 

Materials Handling Machinery 
and Eqpt 

General Industrial Machinery 
and Eqpt 

Motors and Generators 

General Machinery, Controls, 
and Electrical Apparatus 

Labor Cost 

Professional Service Cost 

TOTAL 

Tahle G-c! 

Capita Cost EstimCttes for a 2000 Tons Per flay Purox System 

Input
output 

category 

20.02 

36.11 
36.12 

40.03 

40.04 
40.06 
42.05 
42.08 
42.11 

46.02 
46.03 

49.01 
49.03 
49.07 

53.04 

48.06 
53.05 
53.08 

73.03 

SIC 
code 

2421 

3272 
3273 

3433 

3441 
3443 
348 

3494,3498 
3499 

3535 
3536 

3561 
3564 
3569 

362 

3559 
3(,22 
3629 

8100 
8900 

(ex. /19211 

Cost in 
197(, dol ars 
(mi J ions) 

.50 

<1.5J 

2.40 

4.86 
4.91 

5. j 4 

6.63 

5.67 

1. 08 

11. 2 

23.62 

4.81 

75.25 

fleflator from 
Aug. 1976 to 
Sept. 1974 

.S7 

.83 

.89 

.89 

.S9 

.89 

.90 

.92 

.95 

.95 

.S9 

.S9 

Costs in 
Sept. 974 
dollars 

(millions) 

.43 

3.76 

2.13 

4.34 
4.38 

4.5S 

5.98 

5.22 

1. 02 

0.57 

21. OS 

4.33 

(,7.73 

Costs in 
Sept. 1974 

dollars (millions) 
for a 0000 TPD 

.92 

7.99 

4.511) 

9.21 
9.30 

9.73 

12.70 

11.09 

2. 7 

22.46 

4<1.73 

9.20 

144.03 

Source: Figures are aggregated from data for the Purox Sy"tcm supplied hy the Union Carhide Corporation, Linde Division. 

I 
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