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Abstract

In the first part of this paper, energy consumption trends to the year
2000 are estimated for 110 different industrial sectors and for household and
government final demand sectors, and these trends are compared with historicai
1947 to 1967 trends. For most sectors, energy consumpéion is expected to in-
crease much less rapidly in the 1967-1985 peridd thén‘itldid in fﬁe 194741967
period as a result of the recent lérge enérgy price iﬂqreases._ Between 1985
and 2000,‘the rate of gro&th of eﬁergynconsumption continues to moderate for
most purchasing sectors_primarily'because of a slaqkening in'outﬁﬁt grbwth
rates rather than becauge of any fufther decrease iﬁ per unit éf outpui energy
requirements. These future trends are estimated undervthe assumption that post
' 1976 energy price increases will bé moderate.
In the second part of thélpaper, alternative strategieé for furtﬁer re-

ducing future energy consumption are considered, and a data base is presented

for use in analyzing the effects of implementing the alternative strategies.
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Introduction

Part I of this report presents estimates of energy consumption by consum-

)

ing sector and by utilization process to the year 2000 and compares time trends

in thgse estimates with historical post WO£1d ﬁar II trends. First estimatés
are presented for a broad grouping of energy consuming sectors. Then ;stimates
are presented for more detailed energy consumption acﬁivities oécurring:within
the industrial sectors. All aggregate energy estimateg preseﬁted in this re-
port are consistent with preliminary ERDA estimates for "Surprise Free"'Fore-
cast (SF-2) to be presented in the forthcoming ERDA 77-1 Energy Plan.

Part ITI of this report defines different policyvstrategies for ;educing
energy consumption within industry and presents detailed data for use in imple-
menting these strategies. Part II concludes with a discussion of inter-

relationships which exist between strategies and considers methods for estimat-

ing optimum strategy combinations.

- vii -



Part I °
U.S.'Eneréy Consumptibn by Economic Sector

and by‘Pfocess, 1967-2000

I. Methodology

The following methodology was used to generate estimates of energy con-
Sumption by sector and by utilization>activity for 1985, 1990 and 2000. First
ERDA, inAconsultation with Brookhaven National Laboratory (BNL), exogenously
specified the prices of crude oil, crude gas, coai, shale 0il and uranium to
the year 2000, along with capital costs for all energy conversion and end use
devices. Then Data Resources Incorporated (DRI), using an econometrically spec-
ified 10-sector general equilibrium'model,l estimated aggregate energy demand
amounts to the year 2000, given the ERDA specified energy price trends and given
an assumed aggregate average GNP growth rate of 3.8%/year between now and 1985,
and of 3.1%/year bétween 1985 and 2000. Then BNL, using a 110-sector input-
output (I/0) model,2 solved for energy service levels for the years 1985, 1990,
and ZOQO, given the DRI specified 10-sector aggregate economic and energy esti-
mates for those years. Finally, the BNL BESOM mode13 was used to estimate the
mix and level of fuels and energy conversion activities required to meet the en-
ergy service demands.

Throughout this estimation process, many inter-model feedback mechanisms
were utilized to-ensuré éoﬁsisteﬁcy of estimates between the various models
empldyed. - Time did not»perﬁit the full employment'of all the feedback mecha-
nisms Betweeﬁfthe i/b:mbdel'éhd_the DRI model. The fesults“rePorted here are
from the Brookhaveﬁ combined'I/O, BESOM model. )

In general, the BNL results track closely with correspondiﬁg DRI resuits

for the 1985-2000 period, but less closely'for the 1967-1985 period. One addi-



tional constraint was imposed on the BNL estimation procedure. For 1985, the -,
allocation of fuels to consuming sectors in the combined BESOM-IO model was

constrained to match estimates obtainéd by FEA using the PIES model.4

T

II. Assumptions

The results presented in this report are predicated on the following as-~

sumptions:

Enerpy Prices - ERDA specified the following trends for the prices of

primary energy fuels:

Forecasted Average Annual Rate of Real Price Increase (%/Year)

1967-1975 1975-1985 1985-1990 1990-2000
Domestic Crude Oil 7.3 4.7 1.0 A - 2.0
Importequrude 0il 13.7. -.1 1.0 2.0
Shale 0il - - - 0.5
Natural Gas _ 8.1 - 16.2 0.5 1.0
Nuclear Fuel - ‘ 4.2 : L.5 . L.0
SLrlp Mined Coal ' { . 0.5 , 0.5
14.2 -2.9 '
- Underground Coal 1.0 1.0

Degree of Energy Price Regulation - All prices for primary energy supplice

are assumed to be equilibqium market clearing prices except for‘natural gas,

thich is assumed to be yegulated approximately 20% below—iL§ equilibrium level

tuv the year ZQOO. In allocating the scarce natural gas supplies, it is assumed ¢
that residential users will be favored at the expense of industrial users. For
_electricity, it is assumed that regulatory imﬁosed p:icc ceilings will continue
fo reflect historical capital costs rather than the much larger replacement cap-

ital costs.



Economic Activity - GNP is assumed to grow at 3.8%/year between 1976 and

1985, and 3.1%/year between 1985 and 2000. The DRI Long Term Interindustry
Model (LTIM) was used to estimate the growth rates of GNP spending components
listed below. The growth rate for investment is negative for the 1967 to 1975
period and large for the 1975-1985 period due to the abnormally low amount of
iﬁvestmenf in 1975, a year of sharp recession.

Forecasted Average Annual Rate of Growth in Real Purchases
(in %/year in constant 1972 $)

1967-1975 1975-1985 1985-2000

.Consumption 3.3%/yr 4.0%/yrx 3.1%/yr
Investment fO.SZ/yf ' 6.7%/yr 3.0%/yrx
Government 0.5%/yr - 2.8%/yrx 3.4%/yrx
Total GNP A 2.3%/yx . 4.1%/yr 3.1%/yx

Energy Supply - Total primary energy consumption is assumed to increase

5

from 70.9 quads (10l BTU) in 1975 to 98.4 quads in 1985 and to 140.9 quads in
2000. The 1985 estimate is that of FEA's for their $13/barrel 0il reference

case, while the 2000 estimate is a preliminary ERDA SF-2 estimate. These esti-

mates yield the following average annual growth rates for total primary energy

consumption:
1967-1975 1975-1985 1985-2000
3.0%/year 3.3%/year 2.4%/year

III. Fuel Use by Consuming Sector, 1947-1967

Total fuel use for four non-energy interindustry sectors and for the house-
hold and final demand sector are listed in Table 1 for the years 1947, 1967, 1985
and 2000. The sectors are defined in Appendix C. The fuel use for each sector

is measuréd in terms of the total quads (1015 BTU) of coal, oil, natural gas,

-3 -



Table 1

Gross Fuel Use by Seétor, 1947-2000

1947 1967 1985 - 2000

Purchasing Sector o™ ey o™ sty (108 B1w) - . (10 BTU)
Agriculture, Mining, and ' ‘ '
Construclion .0 1.41 . 2.70 4,01 6.81
Manufacturing 9.94 16.71 29.70 . 54.72
Transportation : 5.61 3.23 4.26 ‘5.99
Services 3,47 7.57 C11.14 17.12
Household and Government 9.03 122,51 34.91 ' 43,90
Other 1.07 3.20 14.33 12.36
Total Consumption - 30.53 55,92 98.35 - 140.90

Note: Total energy purchases for each purchasing sector are equal to the total
quads of coal, oil, :natural gas, direct solar and direct geothermal pur-
chased plus three times the guads of electricity. B

Sources: 1947: "An Input/Output Analysis of Enérgy Use Change from 1947 to 1958
and 1958 to 1963," W.A. Reardon, Pacific Northwest Laharataries,
Battelle, June 1972, pp. IITI 3 and III 7.

1967: Bullard III, C.W., and R.L. Knecht, End Uses of Energy in the
U.6: Eeonwmy 1967, CAC Ducument N6. 145, Section 1.0-2.0, p. 33.

1985, 2000: Forecast 2 BNL Combined I0/TP Runs of 3/22/77 based on ERDA
reference energy systems dated 1/5/77.

‘¢
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direct solar and direct geothermal consumed in that year plus three times the
quads of electricity consumed. Consumption of energy by the "other" sectors re-
fers td the amount of energy consumed in refining éoal, 0il, and gas, plus the
amount consumed in delivering refined fossil fuels and electricity to the non-
energy purchasing sectors, blus any excess (or deficit) amount of primary energy
processed by electric utilities.at a BTU input to BTU output efficiency of less
than (greater than) .33;

The purchasing sectors are defined in terms of conventional interindustry
and national income account sector definitions. These differ from the energy
sector classifications employed by Bureau of the Mines in that the tfansporta—
tion sector purchases listed in Table 1 include only those amounts of energy
purchased by the for-hire transportation sector, Purchases of fuel and electric-
ity for all "own" transportation activities are inclﬁded in the totals for the
purchasing sectors in which the "own" transportation activity occurs.

Total outputs of each of the interindustry sectors (in constant 1958 $)
are shéwn in Table 2, along wifh total houséhold and government purchases. Es-
timates of eﬁergy consumption per unit of output or expenditure are listed in
Table 3. Over all years, for-hire transportation remains the most energy inten-
sive activity and manufacturing the second most intensive. Between 1947 and
1967, the service sector replaced the primary agricultural, mining, and construc-
tion sector as the least fuel intensive sector.

Average annual growth rates for each of the gross energy input; gross out-
put, and energy per unit of output estimates are listed in Table 4. First let us
consider the growth rates of constant dollar outputs for the 1947 to 1967 period.
These are listed in column (1), line C of Table 4. Between 1947 and 1967, there

was A wide dispersion in output growth rates; manufacturing output grew the most



Table 2

Total Output by Aggregate Interindustry Sector and
Total Household and Government Purchases,
1947, 1967, 1985, 2000

9

(in 107 1958 dollars)

Intcrinduotry Scctor . 1947
vAgriculture, Mining ‘and

Construction 89.92
MauuiacLuring .'246'31
Tfaﬁéﬁorkation A | 34.19
Services '214.92
Houséhold and ‘Government . - 247.20
Source:

"An Input/Output Analysis of Energy Use Changes from 1947 to

1967

150.37

541.57

52.05

437.06

570. 30

1985

278.93

1034.43

101.25

844,41

1039.87

2000

447,64

1661.41

155.84

1354.35

1658. 51

1958

and 1958 to 1963," Battelle, Pacific Northwest Laboratorles, W.A.

Reardon, June 1972 Pages Al-AS.

BNL IO/LP Combined Mbdel Runs 5/8/75, 3/22/717.

'BLS 1958-1967 Deflators.

L4l



Table 3

Energy Input Requirements Per Unit of Output

for Aggregate Non—-Energy Sectors

Interindustrv Sector 1947 1967 1985 2000
| (10> BTU/ (1958 $)) [10% BTU/ (1958 $)] [10% BTU/ (1958 $)) 110> BTU/ (1958 $)]

Agriculture, Mining, and . _

Construction 15.70 17.98 14.38 15.21
Manufacturing 40. 34 30.85 28.71 32.94
Transportation 163.96 61.97 42,07 38.44
Services 16.14 17.33 .13.19 12.64
dousehold and Government 36.38 39.47 N 33,57 26.47

Sources: 1947:

1967:

1985, 200G:

"An Input/Output Analysis of Energy Use Changes from 1947 to 1958 and 1958 to 1963," W.A. Reardon,

Pacific Northwest Laboratories, Battelle, June 1972.
1967 BNL Combined IO/LP Verification Run of 5/8/75.

Forecast 2 BNL Combined IO/LP Runs of 3/22/77.



‘Table 4

Growth Rates For: Total Primary Fuel Usage, Energy Input Per Unit of Output,
and Total Output, by Interindustry Sector and by Household and Government,

for 1947-67; 1967-85; 1985-2000

(%/year)
Interindustry Sector 1947-1967 - 1967-1985 1985-2000
Agriculture, Mining and Construction
A. Total Gross Fuel Use 3.3 2.2 3.6
B. Energy Input Per Unit of Output 0.7 -1.2 0.4
C. Total Output 2.6 3.4 3.2
Manufacturing ,
A. Total Gross Fuel Use 2.6 3.2 4.2
B. Energy Input Per Unit of Output -1.4 -0.4 0.9
" C. Total Output 4.0 3.6 3.3
Transportation
A, Total Gross Fuel Use . -2.7 1.6 2.3
B. Energy Input Per Unit of Output -4,8 -2.1 -0.6
C. Total Output 2.1 3.7 2.9
Serviges
A. Total Gross Fuel Use 4,0 2.2 2.9
B. Energy Input Per Unit of Output 0.4 -1.5 -.3
C. Total Output 3.6 3.7 3.2
Household and Government
A. Gross Fuel Use 4,7 2.5 1.5
B. Energy Per .Unit of Total Purchases N -.9 -1.6
€. Toral Purchases of All Goods & ,
Services ‘ - 4.3 3.4 3.1

Source: Tables 1, 2, and 3.



rapidly at 4%/year; followed'éloéely by'services, at 3.6%/year, while the out-

" puts of agriculture, mining, and constructiop;‘and-of éér&iCesAgrew less rapidly
at rates of 2.6%/year and 2.lZ/yeér respectively.> It should be noted that these
growth rates reflect average annual rates of éhange in the physical amounts of
output produced. When measured in terms 6f actual "current'" dollar transactions,
the output of the seérvice industry grew most rapidly, as the price of services
increased sharply relative to the prices 'of other outputs.

Growth rates in energy per unit of output for the 1947-1967 period are
listed in lines B of Column (1) in Table 4. If energy "conservation" is defined
as reducing direct primary energy input per unit of output, the greatest amount
of conservation occurred in the for-hire transportation sector. 1In the early
part of the 1947-1967 period, large amounts of conservation resulted from the
substitution of-diesel for coal burning locomotives, while over the entire pe-
riod, increases in the load and capacity factors of trucks, shiﬁs, pipelines,
trains, and airplanes were also important explanatory factors.

Energy per unit of output requirements also declined in manufacturing over
the 1947 to 1967 period due to increases in processing efficiencies and because
the composition of manufacturing output shifted towards a greater percentage of
fabricated products. Much of this shift is reflected in greater amounts of '"mini-
turization." That is, over time, fewer and fewer pounds of materials are being
incorporated in each producf. For example, consider the weight of such products
as computers and radios over time. During this 1947-1967 perioa, per unit energy
requirements increased in the services sector, as more operatiéns became electri-
fied, while per unit of. output energy requirements also increased in the agricul-

ture, non-energy mining, and construction sector as more agricultural operations



became mechanized, and as more energy was required to mine and process increas-
.ingly lower grade mineral deposits.

Growth-rates in total fuel purchasgs, shown in line A of Tabie 4; are the
sum of the two growth rates in total output”éﬁa'in';Aérgy per unit of output,
both of which have already been considered. G;owth rates for direct household
and government energy consumption, for energy consumption per unit of total pur-
chases, and for total household and government purchases are also listea in Ta-~-
ble 4. In the:1947—l967 period, energy purchases grew more rapidly than total
expenditures on alivgoods and services. Rapid increases in private automobile

ownership rates and travel were most responsible.

IV. Fuel Usage by Consuming Sector: Estimates for the 1967-1985 and the 1985-
2000 Periods. '

Total Sectoral.Outputs - Now let us consider the projected SF-2 sectoral

voutput growth rates and the energy per unit of output growth rates, and compare
these rates with historical 1947-1967 rates. Growth rates in outputs from .Table

4 are repeated below:

1947-1967 1967-1985 1985-2000
Agriculture, gg_glL ‘ 2.6%/yr 3.5%/yr 3.2%/yr'
Manufacturing 40 3.7 " 3.2 "
Transportation g 3.8 " 2,9 "
Serviées ‘ 3.6 " | 3.7 " 3.2 "
Household &
Government . 4.3 " 3.4 " 3.2 "

In both the 1967 to 1985 and the 1985 to 2000 periods, the economy is ex-

pected to achieve' "balanced growth" in terms of the broad sectoral classifica-

- 10 -



tion used. That is, there is little dispersion in-the sectoral output growth
rates during each period.

The 6nly.exception is' the low 3.4%/year growth rate for aggregate house-
hold and government purchases for the 1967-1985 period. -This results from the-
slow growth of real government purchases. The growth rate of constant dollar :
military expenditures has already sharply declined since 1967, while-growth :-:
rates for state and local expenditures for roads and education are both expected
to slacken.

Since households and government are the second most 'energy intensive ‘sec-
tor, this shift away from government spending (in constant $) will tend ‘to. lower
aggregate energy coﬁsumption. Effects from this shift will be more than offset
by the increase in the 1967-85 growth rate of for-hire transportation output, -
however, as -for-hire transportation-is the most energy intensive.sector.ﬂ

Energy Per Unit of Output - Average annual growth rates in energy per unit

of output from Table 4 are repeated below:

1947-1967 1967-1985 1985-2000

Agriculture, et al. +.7%/yrx -1.2%/yx +.4%/yr

Manufacturing -1.4%/yr -.4%/yr +.9%/yx

- Iransporrarion -4,8%/yr -2,1%/yxr - C = A%]yT

Services +.4%/yr -1.5%/y¥ °  =.3%/yr
Household &

Government +.4%/yr -.9%/yx -1.6%/yr

In the 1967-1985 period, declines in per unit energy requirements are ex-
pected for all sectors, the largest declines occurring in the transportation
sector, the smallest in the manufacturing and in the household and government

sectors. In the 1985-2000 period relative to the 1967-1985 period, energy con-

-11.~



sumption per unit of output is'expected to accelerate, with the major exception
of per unit consumption for households and governments.

‘Firsf let us consider the quickening in energy conservation expected (on
a per unit of output basis) for the 1967 to 1985 period. The most important ex-
planatory factor is the assumed rapid increase in energy prices (See Section Ii
for pfice assumptions). Other factors are direct regulations, moral suation and
so on. However,'for two sectors, per unif energy requirements are expected to
decrease less than they did from 1947 to 1967. Changes in the product-mix of
the for-hire transportation sector toward more airplane travel will limit per
unit energy declines in this sector. Within the manufacturing sector it is es-
timated that the product-mix will shift téward more energy intensive products.
The relative output share of these products will tend to increase, despite large
energy. price increases, for two reasons. First, more petrochemicals and heavy
machinery products will»be exported to pay for oil imports; second, capital
goods production for public utility construction will also increase.

| In the 1985-2000 period, the growth rates in per unit energy purchases

will all be smaller than those in the 19A7-1985 period, with. the cxecption of
the growth rate of pernunit household and governmenf energy consumﬁtion. The
reason for this deceleration in conservation within tﬁe inter-industry sectors
is that energy prices in this period are assumed to increase less rapidly than
in the 1967-1985 period. The increasing conservation effect estimated for
households and government in the 1985-2000 period results from sévernl factors,
including expected saturation in éutomobilé'travei and in the éwnefship of air

conditioning‘units, and expected improvements in housing insulation.

Total Energy Consumption - Growth rates in total energy consumption are

listed -below. They are simﬁly the sum of the two growth rates alréady considered.

-12 -



1947-1967 . 1967-1985 .1985-2000 - -.

Agriculture, et al. 3.3%/yr 2.2%/yr »}.3.6Z/yr y
Aﬁandfacturing 2.6%/yr 3.2%/yr 4.2%)yrz

Transportation -2.7%/yx- . 1.6%/yr - .2.3%/yr

Services : - 4.0%/yxr . 2.2%/yr o 2.9%/yr

Households and . o
Government 4.7%/yr . 2.5%/yr . 1.5%/yr

oA

For all periods considered, the di;persion in these sectoral rafes is
considerable. "Unbalanced growth" is estimated for all periods with, respect
to sectofai energy purchases. i

Time did notvéermit anaiysis.of &etailed llO-ordet growth rates ‘in out-
put, and in energy inputé. This material is presented in Appendix C.

V. Importance of Agricultural, Mining, Construction and Manufacturing Enefgy
Consumption - . e

.The energy consuﬁption of the agriculture et al. sector plus that of ,the
manufacturing sector as a percent of total energy consumption by all sectors

is expected to change over time as follows (from Table 1):

1947 - 37.22 L
1967 . 36.7%

1985 34.3%

2000 43.7%

The estimated 1985 to 2000 trend toward greater concentration. of energy
consumption witﬁin industry partially reflects greater than average expécted im-
provements in the efficiency of non-manufacturing uses of energy.. In particular,
ERDA estimates that in this time period transportation end use efficiencies will

significantly increase and that space heating requirements will decline via im-
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proved insulation. Much smaller efficiency‘improvements are expected in
manufacturing-oriented activities such as process heat, feedstock, and direct
electric drive activities. .

It should also be mentioned that this trend toward greater conceﬁtfation
of energy consumption within indusfry over time has also been forecaéted by
‘econometricians. They estimate that a greater degree of non—energy-for energy

substitution exists outside of manufacturing sector.5

VI. Energy Consumption by Type of End UserActivity; 1967-1985 and 1985-2000

Total Energy Consumption - Estimated amounts of energy consumption for

eight different types of energy service activities are listed in>Iab;e 5 for
1967, 1985, and 2066. These estimates include the amount of éﬁergy kin‘qﬁéds)
flowing into.gnérgy end use devices, plus the additional amount used in intra-
énergy sector processing and tranéportation activitiés. Thus:the e;timates in
. v

Table 5 sum to the annual amount of total primary energy consumption. Corre-
sponding'average annual growth rates of these service fugl reqnjrements for the
1967-1985 and the 1985-2000 périods are listed in Table 6, while percentéée
b;eakdowns for e;ch of the three years are listed in Table 7. |

Over the 1967-1985 period, energy requirements for air conditioning grow
most rapidly, at an averagé annual rate of 7.7%/year, They then sharply taper
off in 1985-2000 period io an average rate of é.7%/yeai. Motive power require-
ments likewise increase rapidly (5.9%/year) then taper off (1.6%/year). Total
energy'requirements for the following industry-oriented activities accelerate

in the 1985-2000 period: ore-reduction feedstocks, chemical feedstocks, and

process heat.
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" Table 5

Total Primary Fuel Usage by Energy Service Activity

_ For. 1967, 1985,_2000‘

Total Primary Fuel Usage

Source: Tables 1, 8 and 9

-15 -

:,A*q_(101§ ﬁTU)
Activity Name 1967 1985

"‘Oré ieduction Peedstocks ~ 2,60“h"x"2.24“
Chemical Feedstocks 3.52' ~6.23_
MQtive Power 7.41 20.70
Process Heat 13.73 ZO.Si
Water Heat 2.70 4.63
Space Heat 15.01 17.50
Alr Conditioning .83 3.18,
ﬁlectric Power - 10,72 23.¢l

55.92

98.35

2000
3.97
"11.75

26.48

31.51

.6.38

18.86

4.76

37.19

' 140.90



Table 6

Growth Ratés in Total Fuel Use By
Energy Service Activity.
For 1967f1985 and 1985-2000

(%/Year)

_Activiry ﬁamg ) 1967-1985 - 1985-2000
Ore Reduction Peedstocks 0.6 L" _ “ ; 3.9
Chemical Feeds;ocks 3.2 "' A( N '.4.3
Motive Power ' 5.9 | v;~. ‘1.6’
frdcess Hea;xl’ o 2.3 ‘ .: " 2.5
Water Heat | 3.1 . | .2;}
Sﬁéce Heat ‘ . 0.8 ' “ V; .0:5 |
Air Conditioning 1T B 2.7
‘Eiéc;ric Poﬁerﬁ : j  ‘ 4.3 | : . 3.2

Tofal Consumpfion : | 3.2 | | | 2.4

Sourcu: Tuable 5
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. Table 7

Percent of Total Primary Fuel Usage By
Energy Service Activity
For 1967, 1985, 2000

(%)

Activity Name - - 1967 1985 2000

Ore Reduction Feedstocks 3.6 : 2.3 - 2.8

Chemical Feedstocks. 6.3 6.3 : 8.3

Motive Power 13.2 21.0 . - 18.8
Process Heat 24.6 21.2 22.4_.

Water Heat . . 4.8 4.8 . 4.5

Space Heat - | 26.8 17.8 13.4

Aif Condifioning | 1.5 | 3.2 ’ 3.4

Electric Power 19.2 23.4 26.4

Total 7% 100.0 100.0 100.0

Source: .Table 5
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Changes in energy requirements over time can be viewed as the sum of
changes over time in the demand for the services of end use activities (where
services are measured in terms of the BTU's flowing out of an "end use device")
and changes over time iﬁ:;ﬁe‘énergf”feQﬁiféﬁeﬁtswfeqhired per unit of end use
" service. Estimated amounts éf priﬁéry'fuelvinPUts required per unit of energy
service output afe listed in Table 8 for 1967, 1985, and 2000. The 1985 and
2000 valueg;were estipa;ed using~thg ERDA gs;im§t§§!SF—2‘vglqg§ of supply, con=
version, and end use efficiencies, The mix.oﬁwfuels used for each activity was
estimated by BESOM. *

Over the 1967-1985 period,ﬁéggregate input per unit of'ouiput require-
ments decline for four service activities, increase fof three éﬁd stay the sane
for one. Input reqﬁirements forxélectric power dpnreaselﬁhe ﬁagt. This de-
cline refieété ERDA‘;;gicipated';fficiency improvements'for'ﬁbst types of elec-
tric generating capacities and shifts in the mix.o% gafacities. On the other
hand, it i;‘ésfimated thét fuel reéuirements per unit of motive power output
will increase sharply over the 1967-1985 period despite large increases in in-
dividual end use efficiencies. The decline in aggregate efficiency results from
a change in the mix,of‘transportation activities toward greater use of automo-
biles and airplanes, and lesser usé of railroads. (Electrified mass transit is
included in electric power). The decline in the aggregate efficiency for wﬁtef'
heat results from an estimated shift toward the use of more electric water heaters,
which, in turn, have lower aggregate efficienéies than gas or oil water heaters
when primary resource to electricity efficiency losses are taken into account;
Over the 1985-2000 period, all inpﬁt per unit of output requirements stay con-

stant or decrease, except for water heat.
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Y

Average Primary Fuel Inputs Per Unit
of Energy Utilization Activity

Table 8

1967-1985

‘ 1985-2000

Activity 1967 1985 2000 Growth Rate Growth Rate
BTU/BTU BTU/BTU BTU/BTU _Zlyr Zlyr
Ore Reduction Feedstocks  4.33 4,30 4,30 -0.04 0.0
Chemical Feedstocks 1.10 1.10 1.10 0.0 0.0
Motive Power 2.62 3.98 3.22 +2.4 -1.4
Process Heat 1.74 1.77 1.71 +0.1 -0.2
Water Heat 1.98 . 2,56 2.70 +1.4 +0.4
Space Heat 2.37 2.30 2.02 -0.2 -0.9
Air Conditioning 1.10 1.15 1.07 -0.2 -0.5
Electric Power 3.79 3.45 3.22 -0.5 -0.4

Sources: 1967: 1967 BNL Combined IO-LP Verification Run of 5/8/75.

1985, 2000: TForecast 2 ERDA Reference Energy Systems of 1/5/77.
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Energy Services — End use service (or "demand') amounts are listed in

Table 9 for 1967, 1985, and 2000. These were estimated by the BNL IO model,
by multiplying sectoral input per unit of output (or "product") coefficients
by total output values. For each year, these demands thus reflect the esti-
mated level and structure economic aéﬁivity. ‘These demands are also listed in
Appendix B for 110 different sectors.

Summary - Cdmparison of Growth Rates for Energy Services, Energy Consump-

- tion and GNP - These growth rates are as follows:

1947-1967 1967-1985 1985-2000

Primairy Energy . .

Consumption (BTU's) 3.1%/yr 3.2%/yx 2.4%/yr
Energy Services : A

(BTU's) *  Not Estimated 2.9%/yr 3.0%/yr
Real GNP

(constant $) 4.0%/yr 3.3%/yr 3.1%/yr
Real Energy Consumption

(congtant §) 6. 0%/yx 2.4%/yr 2.6%/yr

The growth of primary eﬁergy consumption (in BTU's) is expected to almost paral-
lel that of real GNP in the 1967-1985 period, and rhen to decrease sharply in
the 1985-2000 period to 777 of .the GNP growth rate. However, the growth rate
of energy services (in BTU's) tends to accelérate slightly in the 1985-2000 pe-
riod relative to 1967-1985 period.

| It should be pointed out that these comparisons are extremely dependent
on the units of measurement chosen. For example, when energy consumption is
measured in terms of 1972 dollars worth of sales of energy to. non-energy sec-
tors (excluding exports), energy consumption grows at an average annual rate
pf 6.0%/yr from 1947 to 1967; 2.4%/yr from 1967 to 1985; and 2.6%/year from

1985 to 2000. These estimates were obtained from DRI model results and from

- 20 -
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Table 9

Services Obtained from Energy Utilization Activities

. 1967-2000 1985-2000
Activity A 1967 1985 - 2000 Growth Rate Growth Rate

10 srv 10 B 10%° BTU %/year %/year
Ore Reduction Feedstocks ©0.45 .. 0.52 0.92 . 0.8 3.9
Chemical Feedstocks 3.13 5.66 10. 66 3.3 4,3
Motive Power 2,76 5.20 8.21 3.6 3.1
Process Heat . 7.70 11.76 18.40 2.4 3.0
Water Heat 3 1.33 1.83 2.36 1.8 1.7
Space Heat 6.19 7.61 9.32 1.2 1.4
Air Conditioning 0.74 2.77 4.44 7.6 E 3.2
Electric Power 4 2.98 ©_6.67 11.53 4.6 3.7
Total / 25;28 42.02 65.84 2.9 3.0

Sources: 1967: 1967 Combined IO/LP verification run of 5/8/75.

1985, 2000: Forecast 2 BNL Combined I0/LP xuns of 3/22/77.

Jack Faucett historical data. Much of the slow down in the growth rate of con-
stant dollar energy consumption is due to the expected slow den in the rate of

electrification.
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" Part II fe et

Designing Strategies to Reduce Energy
Consumption Within Industry

I. Introduction

In Part I it was estimated that the share of total energy consumption
which will occur within the goods produciﬁg portion of the U.S. economy
("industry") will increase sharply between 1985 and 2000. In this parf of the
repdft, different policy strategies for reducing industrial energy consumption’
will be considered. Next inter-relationships existing between thevpbiicyvstrat-
egies will bé described. Finally some methodologicéffissues'will'Be:ééfsed coﬁ—
cerning the nature of "optimum" combinations of'éoiicy straéegies. | |

Before considering potential ﬁoliéy strétegie;, it iéiﬁeipfﬁi;fé ideﬁ—'
tify those types of energy using,activities which occur primarily in industry.
In Table 10, estimates éfe‘given of the'éeréehtage of totai energy service con-
sumption which occurs within industry for eight differeﬁt éﬁergy service activ-
ities forlthe iears 1967, 1985 and 2000. Industrial energy consumption growth
rates are listed in Table 11. By 2000, it is estimated that industry will ac-
count for 100% of the direct consumption of coke, 887 that of petrochemicals;
857 that of process heat; and 49% that of direct electric power consumption,
and for only 15% or less of the other energy service amounts. Policies devoted
toward reducing industrial enérgy consumption should -thus concentratée primarily
on reducing the consumption of feedstocks, process heat, and direct electric
power and/or on reducing energy input requirements for unit levels of thesé.ac—

tivities.
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Pércent of Total En

Table 10
ergy Service

”Activity Occurring

Within Selected Interindustry Sectors

(%
~Agriculture, Mining, »
' and Construction Manufacturing
Activity Name 1967 1985 2000 1967 1985 2000
Ore Reduction
Feedstocks - - - 100.0 100.0 - 100.0
Chemical Feedstocks  29.7  22.8  22.1 1 st 66
Motive Power 6.6 4.3 5.2 0.7 0.5 0.5
Process Heat 3.9 4.6 4.9 67.8 72.7 - 79.6
Water Heat 2.6 2.3 2.8 1.0 1.0 1.5
Space Heét 3.0 2.5 2.8 5.9 7.1 . 8.7
Alr Conditioning. - - = 18,2 .. 9.0 9.1
Electric Power 2.2 2.6 2.7 429,

Source: Adjusted BNL I/O-LP runs 3/22/77.

Table 11

36.8

: Ay
e

Growth Rates in Amounts of Energy Ser&ices

Occurring Within Selected Interindustry Sectors

(%/year)
Agriculture, Mining,

and Construction

46.1

- Manufacturing

Source: Adjusted BNL I/0-LP runs 3/22/77
' - 24 -

____ Activity Name 1967-1985 19é5-2000 1967-1985 1985=2000
Ore Reduction Feedstocks - - 0.8 3.9
Chemical Feedstocks 1.9 4;1 4.9 5.5
Motive Power 1.1 4.4 1.5 4.0
Process Heat 3.3} 3.5 2.8 . 3.6
Water Heat 1.0 3.0. 2.1 444
Space Heat 0.2 2.0 2,2 2.7
" Air Conditioning - - -3.5 3.3
Electric Power 4.2 4.1 4.2 4.2
Growth Rates of T&tal
Output 3.5 3.1 3.7 o 3.2
Growth Rates of BTU | .
Fuel Usage 2,2 3.5 3.2 4.1



II. Policy Strategies for Reducing Industrial Energy Consumption-

Four strategies for reducing industrial energy consumption can be .iden-

tified; "final demand switching;" "materials switching;" "energy service reduc-

tion;" and "energy efficiency improvement." Any of a number of policy tools'-
can be used to implement these strategies -~ taxes, sﬁbsidies, government R&D,
and direct regulations are a few of the more important ones. In this paper, at-
tgntion is focused on the choice of strategies rather than the choice of tools

used to implement a strategy.

"Final Demand Switching'" - By use of policy tools, final demand purchases

can be switched towards purchase of those goods and services which require, di~-
rectly and indirectly, small amounts of feedstocks, process heat; and:electric
power. Estimates of these '"direct plus indirect" final demand service require-
ments. are contained in Tables A-1 through A-8 in Appendix A for the years 1967,
1985 and 2000. The tables are arranged by type of energy service, one table for
each type of energy service. Thus, looking at column (1), line 1 of Table A-1,
it is- estimated that sales of all motor vehicles to final demand (which equals
all motor vehicle purchases of households, plus all business purchases on cap-
ital account, plus all government purchases, plus all net exports) required,
directly and indirectly, .095 quéds of coke feedstock consumption.in<1967, 17.6%
of all the coke consumption in that year. In these Appendix A tables, flow es-
timates of direct plus indirect service requirements for final demand purchases
are listed.in the first three columns, while coefficient estimates of direct .
plus indirect service requirements per 1967 dollars worth of delivery to final
demand are listed in the second three columns. These are often referred to as

"inverse" coefficients.
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Each table lists -direct plus indirect requirements for>the 20 laigesﬁ
éervice using sectors, ranked ;n order of importance of total use as of 1985.
Estimates of inverse coefficients and of inverse matrix flows for all 110 BNL
sectors are available on request. ‘ |

. As would be expected, sectors whose outputs embody a high pérééntagé ;f
materials tend to predominate in the "top 20" sectors in the tables fér';oke;
petrochemicals, process heat, and electric power. These are primérily theréon—
struction, machinery, and consumer durable sectors. On the other hahd, iny a
few consumer service oriented sectors make the top 20 in'these:tébles.A Thus
any switching of final demand purchases toward ﬁhe output of such ééctors as

education and radio and TV will lower industrial energy cbnsuﬁption.

Materials Switching — Another strategy to reduce industrial energy con-

sumption is to encourage energy-saving "materials" or "inputs" switching within
industry itself. This can be illustrated with respect to the automobile secfor
(BNL sector #83). Ig order to meet FEA mandated fuel efficiency requirements;
automobiles will become lighter over time. In estimating SF-2 energy demands,
it was assumed that the automobile industry will switch toward thc‘usé‘Af more
aluminum and plastics, and less steel and glass. Estimates of the direct.input.
requirements of plastics, aluminum, and iron and'steel~iﬁto'the motor vehicle
industry shown in Table 12 for 1967, 1985 and 2000. The impact ofzthié switch
in direct input requirements over tiﬁe, on the movement in direcf Plus indirect
energy service requirements oﬁer time, can he found in Tablee A-1 through A—B;
For example, in Table A-1, it is'éhown that the direct pius indirect coke re—"
quirement per unit of auto sales to final demand decreases from 3432 BTU's/67%
in 1967 to 1112 BTU';/67$Ain 2000, while in Table A;é it is shown thét cdrre;

sponding process heat requirements decrease from 15,410 BTU's/67$ in 1967 to
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. Table, 12
Selected Input Requirements Per .Unit of Output of
the Automobile Industry for 1967, 1985 and 2000 -
" (% 1967/1967 $)

Direct Requirements

Input Category 1967 1985 2000

Rubber & Misc. Plastics
- Products . .0209 .0220 . .0241

Primary Iron & Steel _ . - . -
Mfg. .0720 .0508 .0381

Primary Non—ferroﬁs . .
Metals Mfg. .0156 .0193 .0233

Source: Derived from data provided by: Robert U. Ayres, Adele Shapanka
and Stedman Noble, Internation Research and Technology Corpora-
tion publication: IRT-362-R, "The Use of Explicit Technologi-
cal Forecasts in Long Range Input-OQutput Models," December 1974,
pp. 3-4. ' ' ' '
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11,908 BTU's/67$ in 2000. On the other hand, in Tables A-2 and A-8 it is shown
that the direct plus indirect requirements of automobile final demand sales for
petrochemicals and for direct electricity- increase slightly. Overall the switch

toward lighter materials leads to less*tofélkindUStrial energy consumption.

Energy Service Reductions —4Another strateéy for reducing industrial en-
ergy consumption is to use policy tools to reduce direct energy service input
requirements. An example of this strategy is encouraging the introduction of
centrifuge rather than gaseous diffusion techniques fbi'ehriching uraniuw within
the chemical sector (BNL sector #50). This proceés éha;ge ﬁ;uld féﬁd to reduce
direct electric power requirements for uranium enrichment.

The actual energy service (or '"'product') céeff%cienﬁs for 1967, 1985 and
2000 which were used to estimate SF-2 energy service activity‘léQels (or "hasic
enefgy demands") are listed in the last three columns in Tables B-1 through B-8
in Appendix B: Actual IO-LP ﬁodgl;solutipn vai;e§ of;gngféy.service flows by
industry ére‘liééed in the first three columns of‘thege taplés.

Now, let us consider the direct electric power input per unit of output
requirements listed in the last three columns of Table B-8. For most.manufac—
turing sectors, it was estimated that these requireménts would increase at an
average annual rate of from 1.0%/yr to 1.5%/yr between 1967 and 2000, and rhat
they would increase by smaller rates within service sectors. However, within
the cheﬁicals.sector (#50), it was estimated that the introduction of the cen-
trifuge enrichment process over fime would limit pér unit electric puwer in-
creases over time to an average rate of 0.5%/yr. '(Increases in the amount of
electric-intensive enrichment activities as a percent of all chemical éctivi—

ties will still require an increase in per unit electric power requirements in

this industry.)
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to

Improving Energy "Efficiencies" - A fourth;strategy for reducing indus-

trial energy consumption is to encourage the introduction of more energy effi-
cient conversion and end use devices within industry. For example, BTU losses
associated with the decentralized industrial generation of electricity may be .
limited by simultaneously producing process heat with the eiéctriéitvaia co-
genération. The potential for introducing such efficiency improviﬁg technol~
ogies within industry 1s being considered by the Technology Asseésment G£0ﬁ§
of BNL under Morris Beller, Preliminary resulté for several technologiés'éré
aﬁéilable upon requeét.

If successful, implemehtation of these technologies will lo&er'fuei'ré;'
quirements for given energy serQicebrequirements. That is, the rate of'effi-n
tiency iﬁprovements estimated in Table 9 in Part I will acceleraté'kbf déteri;
orate less rapidly). | e

As a guide to identifying sectors in which such efficiency'improVing tech~

nologies might be particularly effective and/or quantitatively important, the

distribution of total energy service rgquireménts across the 20 largest energy
service using sectors is presented in the first 3 columns of Tables B1 through
B8. For example, in column 2 of Table B-4, estimated 1985 process heat require-
ments are estimated for the 20 1argést process heat usinglséctors. In total,
these sectors account for 727 of all pfocess heat requiréments in 1985.

One of.the major determinants ofﬁhow rapidly efficiency improving.tech—
ﬁiqﬁes can be implemented in a particular sector will be the expected growth
rate of that sector. Barring retrofiting ﬁossibilitiés, the faster the growth
rate of the sector, the greater the potential for new technélogy introduétion.
Expected average annual growth rates of sector outputs between 1967 and 1985,-

and between 1985 and 2000 are listed in Appendix C, Table C-3, for all 110 BNL
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sectors. Unfortunately, little information is available as to the age struc-

ture of existing capital stocks within most industries.

ITI. - Analysis of Inter-Relatiomships Existing Between. the Alternative Strate—
gies for Reducing’ Industrial Energy Consumption P

The four strategies~just discussed were presented as if they were inde-
pendent of one another. They are not. Again, I will use examplesAfrou the
ERDA SF-2 energy forecast to illustrate my point.
| First consider the expected materials switching within the automobile‘in—
dustry. As explained, on balance, this switching will reduce direet plus indi-
rect energy requirements for producing automobiles. However{ this substitution
will also increase.the ayerage automobile end use efficiency to an estimated
20.9 miles.per gallon‘in 1985, and to 26.0 miles per gallon in 2000, relative to.
the current 13.0 mile per gallon efficiency average. Thus the system-wide en-
ergy conservetion effect will exceed that obtained from either materials switche~
ing or from end use efficiency improvement alone.

. As another examp]p; cohsider the cxpected declines In the aggregate elecT
tricity heat rate over time. In this case, this conversion efficiency improve-
ment will*also require significant "final demand switching." Ihat is, over the
l990ito 2000 period, ERDA projects a large scale introduction'of sular.electric,
coal combined cycle, and LMFBR generating{capacities. While these techuologies
are.more "energy efficient," large increases in public utility ccnstructiqn ex-
penditures will also be required, since these technologies are particularly cap-
ital'intensiti. The direct plus 1ndirect energy requirements associated with
public utility construction purchases are estimated in Tables A-1 through A-8,
For example, coal feedstqck;requirements for public utility construction increase

at an average annual rate of 4.3%/yr between 1967 and 2000, from .03 quads to .12
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quads. Likewise, process heat requifements for public utility construction in-
crease from .20 quads to .99 quads. Thus, in this case, the system-wide energy

conservatioﬁ effect will be léss than the direct efficiency conservation effect.

IV. Developing Methodologies for Estimating System—Wide Effects

Since the four strategies considered are net independent,'policy makers
should not eoncentrate on achieving goals defined in terms of just.one stretegy -
e.g., just increasing supply,  conversion, and end use efficiencies to -target
values. Instead they should ﬁursue that mix of strategies which will -achieve
target goals, which, in turn, are:defined in terms of the entire energ&/economic
system -- e.g., obtaining minimum energy consumption growth rates for specified
GNP growth raﬁes and specified envirbnmenfal damages.

In order to estimate such an optimum mix of strategies, it thus becomes
necessary to estimate the various inter-relationships involved between tools,
strategies, targete and goals. Various frames can be used. For ERDA 77-1, a
combined ERDA/DRI/BNL framework was used-ERDA maintaining prime responsibility
for estimating energy priees, costs and efficiencies and maximum availability
amounts for new technologies; DRI for estimating aggregate GNP and aggregate
energy demand; and BNL for estimating the detailed composition of GNP, detailed
energy se;vice demands, and the mix of energy conversion and supply activities.

As paet of this framework, BNL employed a static, time phased, fixed co-
efficienp I0 model for disaggregation of'aggregate GNP and energy demand esti-
mates. This model could be expanded so as to permit choice between alternative
industrial sector input mixes, some of which would incorporate energy efficiency
iﬁcreasing technologies such as co-generation. This expansion would permit es-

timation of systemwide effects associated with efficiency increasing technolo-

gies. This expanded model could also be used, as well, within the over-all

ERDA/DRI/BNL framework to estimate optimum strategy combinations.
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Appendix A
Direct plus Indirect Energy Service

:Requirements for Aggregaﬁe Final Demands

and Per Unit of Final Deménd
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TABLE A-1

‘ENERGY PRODUCT SECTOR = 13: Ore Reduction Feedstocks

Direct & Indirect Flows (I-A)-1 Coefficients
_ 1'% pru . 10° BTU/67 $
Sec. # Sector Nam= 1967 1985 o 2m00 1967 - 1985 2000

83 Motor Vehicles znd Equipment .094904 .091795 .030877 .003432 .001757 .001112
31 New Constructior:, Public ¥tilities : .028932 .060128 ) . 117307 .002650 .001543 .601931
30 NeW‘Construction.‘Nonresijential Buildings ) .041667 .0458L7 111460 .001550 - .000778 .001234
29 New Constructior, residential Buildings .024971 .0284¢0  .08948Z .000946 .000661 .001258
85 Othér Transporta-ion Equidment ) .024580 .0233¢87 l .045034 .003912 .001926 ;002298
57 Food and Kindred Products o © .027859 ©.0220C4 .041362 .000439" .000215 .000252
101 Real Estate & Remtal .009731 .014055 .028218 .000131 .000095 .000119
69 Construction, Miming, 0il Field Machinery, Fquipment .019362 .012554 .Q21834 .004810 .002188 .002560
64 ‘Heazing, Plumbing and Fabricated Structural Metal Products .010140 .012207 024673 .006466 .002744 .004115
99 Wholesale and Retail Trace .013335 .011932 .0Z3169 .000110 .000052 .000063A
78 Household Appliances . . .010895 | .011923 -~ .C18886 .002762 .001345 .001344
35 AMaimtenance and Bepzir Ccmstruction, all other .005518 .011253 .a11727 .001000 .000546 .000680
80 Radid, Televisionland Comnunications Equipmert .009117 . -010449 .Q18597 .000705 .000482 .000556
72 Special Industry Machingery and Equipment .011902 .010393 .018065 .003076 .001491 .001771
84 Aircraft and Parts .019021 .009983 .017541 .001301 .000587 .000652
68 Farm Machinery .016898 .009740 .022237 004706 .002024 .002344
77 Elec. Trans. & Dist. Eq. & Elec. Industry Apparatus .008214 .008710 .014834 .001932 .001174 001366
76 Service IndﬁstryaMachines L .007922 .008338 .015748 .002798 .001474 .001715
33 New Construction, all other - .013993 .008317 .009782 .001910 .001007 .000811
88 ’ Miscellaneous Manufacturirg ° .005688 .00809z .014350 ( .001131 .000791 .000919
0  Other ' .130527 .09529% .159620 0.000000  0.000000  0.000000



Sec.

30
101

»

Sector Name
New Constructiom, Nonresidential Buildings
Real Estate and Reﬁtal
Food and Kindred Products
Chemicals and Selected Chemical Products
New Construction, Residential Buildings
New Construction, Public Utilities
Maintenancg and Repair Constructicn, all other
Wholesale and Retail Trade
New ¢oﬂst;ucqion,,ﬂighways
Apparél _
Drugs, Cleaning and Toilet Preparztions
Motor Vehicles and Equipment
Rubpeg aﬁé Misczllaneous Plastics Pfoducts
Other Agricultural Prodﬁcts.
Medical,-ﬁdﬁc:‘ﬁgrvices & Nonprofit Inmst.

Plastics and Syathetic Materials

‘New Construction, all other

Miscellaneous Manufacturing

Radio, Television and Communications Equipment

Hotel and Lodging; Pers. & Repair Serv., except Auto Repair
Other

ENERGY PRODUCT SECTOR = 14:

TABLE A-2

" Direct & Indirect Flows

1967
356785
.124095
.173459
.177057
.333256
.140339
.081579
.118310
.179885
.086951
.062843
.057580
.034462
.042296
057277
.027598

.093396 .

.017773

.018473

.030801
.416749

1013 BTy

1985
.536757
.473138
.354896
.311896
.294895
.285923
.262091
.260522
.231127
.214185

.162023

.144068

.142311

.122026
.109216
.066939

. :066655
.057018

©..056663

.052811
.704154

2000
1.009819
.825249
.687047
.549357
.599060
.516577
.236764
.479369
.4256444
.521350
.297003
.312400
.352485
.243616
.201604
.236087
111623
.128228
117162
.098458

. 1.725051

Chemical Feedstocks

(1-8)"! Coefficients

1967

.013269
.001667
.002732

048555

.012630
.012853
.014783
.000979
.021489
.005175
.007364
.002083
.011112
.006193
.001250
.044003

.012749

.003533

-.001428 .-

.001905
0.000000

108 BTU/67 $

1985
.009109

.003207
.003467
..047517
.006839
.007337
.012718
©.001137
.035746
:008079
.007125
.002757
:019177
007384
+001125
“:,045909 .
:008068. .
.005571
.002521
.001945
0.000000

2000
.011182

.003488
.004187
.048101
.008419

008504
.013720
.001298

040448
.012472
.008047
.003823
.030684
.007667
.001297
.076612
009257
.008210
.003500
.002236

0.000000



- 8¢ -

- Sec.

93
99
37

92
22

106
89
30

101
91
29
31
83

100
90
41

102-

52
35

107

Sector Name
Air Transportaticn
Wholesale and Retail Trade
Food and Kindred Products
Water TransportatIon
Other Agricultural Products
Medical, Educ. Services & Honprofit Inst.
Railroads and Relzted Services
New Construction, Nonresidential Buildings
Real Estate and Rantal
Motor Freight T;ansporﬁaticn and Warehousing
New Construction, Besidentﬁal Baildings
New Construction, Public Utilities
Motor Vehicles and Equipment
Finance and Insurance
Local, Urban and Iaterurban Highway Pass. Trens.
Appars1l
Hotels & Lodging; Pers. & Rapair Serv., except Auto Repailr
Drugs, Cleaning and Teilet 2reperations
Maintenance and Repair Cons:ruction, all cther
Federal Government Enterprises
Other

ENERGY PRODUCT SECTOR = 15:

Ditect & Indirezt Flows

1967
.117306
.108321
.120622
.077863
.037336
.030075
.036784
.029482

.026421

.032622
.031282
1012218
.018915
.015100
.024727
.013605
.012171
.006320
. 004449
.003849
.132126

TASLE A-3

10%? v
1985
.197822
.171674
.150415
.085592
.068663
.059626
.057019
.049878
. 048755
.04433¢
.036765
.034425
.032221
.027726
.024093
.018912
.018549
.017059
.014700
014045
.202580

‘Motive Power

2000 1967
.285160 .029439
.320133 .000896
.279786 .001900
.147750 .031717
.152849 ~.005467
110043 .000656
109899 .009594
.090438 .001096
.090601 .000355
.079467 ©.005703
.070173 .001186
.062710 .001119
056548 .000684
.0513336 .000585
.052725 .007782
.034593 .000810
.034881 .000753
.031649 .000741
014318 - .000806
.026584 .002091
.378453 0.000000

10® BTU/67 §
1985
.023433
.000749
.001469 -
.020017
.004155
000614
.006937
.000846
.000330
.004017
.000853
.000883
.000617
.000555
.005756
.000713
.000683
.000750
.000713
.002997

0.000000

(1-0)"1 Coefficients

2000
.027130.
.000867
.001705
.023174
.004810
.000708
.008030
.001001
.000383
.004650
.000986
.001032
.000692
.000642
.006595
.000828
©.000792
.000857
.000830
.003468
0.000000
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Sec.

37
30
83
99
29
31
50
101
41
52
56
106
35
47
22
80
85
102
78
88

#

Sector Name
Food and Kiadred Products

New Constru-tion, Nonresidential Buildings

.Motor Vehicles ard Equipment

Wholesale aad Retail Trade

New Construction, Residential Buildings

New Construction, Public Utilities

Chemicals and Selected Chemical Products

Real Estate and Eental

Apparel

Drugs, Cleaning znd Toilet Preparations

Rubber and Miscellaneous Plastics Products

Medical, Educ. Services & NonProfit Inst.
Maintenance and Eepair Construction, all other

Paper and Allied Products except Countainers and Boxes
Other Agriculturzl Products

Radio, Television and Communications Equipment

Other Transportation

Hotels & Lodging; Pers. & Repair Serv., except auto.repair
Household Appliances

Miscellaneous Manufacturing

Other

ENERGY PRODUCT SECTOR = 16: Process Heat

TABLE A-4

Direct & Indirect Flows

1967

.955551
.460543
.426076
.408413
.400632
.202593
.273498
.159016
. 208900
.164835
.079649
.153138
.061814
.083141
.071971
.083641
.098007
.109234
.066580
.067346
1.869780

10%° BTy
1985
1.392379
.763235
.658221
.607353
.605077
.596812
.430460
.385699
.374997

.369171

.243610
.221713
.183210
» 163358
.162285
.157830
.153329

.141432 . .

.138591
.136726
2.292850

2000
2.275141
1.313370

.972936

.988556
1.129611

.988535

.757661

.630225

.606404

.581055

.386780

.360196

.158060

.211089

.313849

.253950

.259094

.226804

.228300

214719
3.768060

[

(I-A)_1 Coefficients

1967
.015051
.017128
.015410
.003379
.015184
.018554
.075003
.002136
.012432
.019314
.025682
.003342
.011201
.066369
.010539
.006464
.015599
.006757
.016881
.013386
0.000000

10® BTU/67 §
1985
.013603
.012952
.012597
.002651
.014033
.015314
.065580
.002614
.014145
.016234
.032827
.002284
.008890
.057345
.009820
.007279
.012628
.005209
.015629
.013359

0.000000

2000
.013864
.014543
.011908
.002677
.015875
.016274
.066340
.002664
,014507
.015743
.033670
.002318
.009159
.058006
009877
.007587
.013222
.005150
.016249
.013747
0.000000
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Sec.

99
102
106

37
101

30
100

29

31

83

22

41

96
103
104

52
105

35 .

80
21

Sector Name

Wholesale and Rétail Trade

Hotels & Lodging; Pers. & Eepair Serv., except Auto‘Repair

Medical, Educ. Services & Fonprofit Inst.
Food and Kindred Products

Real Estate and Remntal

New Construction, Nonresidential Buildings

Finance and Insurance

New Comstruction, Residentifal Buildings

New Construction, Public Utiiities

Motor Vehicles and Equipment

Other Agricultura’l Products

Apparel -

Communiéationé exczpt Radio & Television Brozdcasting
Business Serviées

Autompobile Repair and Servizes

Drugs, Cleaning ard Toilet Preparations
Amusements

Maintznance and Repair Construction, all other
Radio, Television and Communications Equipment

Livesteock and Livestock Products

. Other

TABLE A-5

ENERGY PRODUCT SECTOR = 17: Water Heat

Direct & Indirect Flows
15

1967
.166326
.092454
.051311
.025254
.011325
.010991
.012141
.011861
.004129
.004833
.003828
.004053
.003255
.004037
.003152
.002145
.003684
.001336
.002344
.001258
.035176

BTU

1985
.208282
.102460
.070899
.028905
.017711
.017046
.014702
.012335
.009555
.007089
.006801
.005022
.004304
.004093
003662
.003534
.003358
.003136-.
.002975
.002127
.036639

2000 1967
.320051 .001376
.158373 .005719
.108238 .001120
.045162 .000398
.027267 .000152
.025€59 .000409
.022477 .000471
.019€16 .000450
.014572 .000378
.010976 .000175
.012514 .000561
.008278 .000241
006652 .000323
.006507 .000435 -
.005610 .000380
.005605 .000251
.005274 .000608
.002553 - ©.000242
.004733 .000181
.003380 .000699

.0061332 0.000000

10

6

1985
.000909
.003774
.000730
.000282
.000120
.000289
£.000295
.000286
.000245
1.000136
.000412
.000189
.000175
.000259
.000286
.000155
.000368
.000152
.000137
.000491
0.000000

(I—A)_1 Coefficients
BTU/67 §

2000
.000867
.003596
.000696
.000275
.000115
.000284
.000281
.000278
.000240
.000134
.000394
.000198
.000167
.000249
.000274
.000152
.000352
.000148
.000141
.000470
0.000000
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Sec.
. 9¢

106
37

102

102
100
83
30
104

Sector Name
Wholesale and Retail Trade
Medical, Educ. Services & Nonprofit Inst.
Food and Kindred Products

Hotels & Lodging; Pers. & Repair Serv., except Auto Repailr

Real Estatz and Rental

Finance and Insurance

Motor Vehicles znd Equipment

New Construction, Nonresidential Buildings
Automobile Repair & Services

New Construction, Residential Buildings

New Constructiom, Public Utilities

Apparel

Communications except Radio & Television Broadcasting
State and Local Government Enterprises

Water and Sanitary Services

Business Services

Radio, Television and Communicaticns Equipment
Drugs, Cleaning and Toilet Preparations

Other Agricultural Products

Aircraft and Pars

Other

ENERGY PRODUCT SECTOR = 18:

TABLE A-6

Direct & Indirect Flows

1967
.652476
.317443
.260507
.256746
.160207
.087542
.057186
.050268
.071976
.053606
.018839
.040554
.033145
.034552
.056747
.037101
.028679
.019754
.012980
.032575
.358947

10% BTU
1985
.784770
.421356
.292495
.272662
.214063
.104850
.085742
.080785
.073663
.064215
.051648
.051226
.050797
.046543
.044316
040066
.039158
.035100
.028295
.027638
.481149

2000

1.056162
.562752
.401448
. 369096
.288268
. 140293
.117752
.112565
.098399
.093366
.073212
.072377
.068608
.062350
.059022
.055787
1054622
.049009
.045916
039694
.673090

Space Heat

(I—A)‘1 Coefficients
10° BTU/67 $

1967
.005399
.006928
004103
.015883
.002152
.003393
.002068
.001870
.008687
.002032
.001725
.002414
.003285
.028025
.029891
.003994
.002216
.002315
.001901
.002228
0.000000

1985

.003425
.004340
.002858
.010043
.001451
.002101
.001641
.001371
.005750
.001489
.0013é5

.001932

.002068
.017973
.018560

.002535
.001806"

.001543
.001712
.001625
. 0.000000

2000
.002860
.003621
.002446
.008380
.001218
.001755
.001441
.001246
.004802
.001312
.001205
.001731
.001727
.014964
.015451
.002131
.001632
.001328
.001445
.001476

0.000000
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Sec.

99

- 106

.37
102
100

41

101

80
83
30
'52
29
84
31
56
96
38

103

75
105

Sector Name
Wholesale and Retail Trade
Medical, Educ. Se-vices & Bonprofit Inst.
Food and Kindred Products

Hotels & Lodging; Pers. & Repair Serv., except Auto Repair

Finance and Insurance

. Apparel

Real Estate and Rehtal

Radio, Television and Connnmicat{ons Equipment
Motor Vehicles and Equipment

New Construction, Nonresideatial Buildings

Drugs, Cleaning and Toilet Preparations

New Construcfion,_Residential Buildings

Aircraft and Parts
New Construction, Pubiic Utilitdes

Rubber and Miscellaneoﬁs Plastics Products

Communications éxcept Radio & Television Broadcasting

Tobacco Manufacturers
Business Services

Office, Computing and Accoumtina Machines

Amusenents

Other

TABLE A-7

ENERGY PRODUCT SECTOR = 19: Air Conditioning

Direct & Indirect Flows

1967
.100407
.0462477
.018839
.019374
.016886
.017516
.010722

S ,013355
.010037
.006754
.007147
.006926
.012740
.002542
.003052
.003976
.008211
.005316
.003341
.005005
.060775

10

15 BTU

1985

.194895
.091463
.036176
.033314
.032625
.028824
.027284
.022241
.021867
.019069
.017862
.013882
.013163

.010564

.010375
.010027
.009177
.009113
.007889
*.007608
-116897

2000

. 344592
.160670
.062479
.058972
.057291
.045893
.047522
.034616
.034896
.033198
.029239
.025790
021234
.018039
.016231
017712
014622
.01€430
.013523
.013700
.197396

(1-8)"} Coefficients

1967
.000831
.000927
.000297
.001198
.000655
.001042
.000144
.001032
.000363
.000251
.000837
.000262
.000871
.000233
.000984
.000394
.001360
.000572
.000692
.000826

0.000000

6

10° BTU/67 $
1985 2000
.000851 .000933
.000942  .001034
.000353 .000381
.001227 .001339
.000654 .000717
.001087 .001098
.000185 .000201
.001026 .001034
.000418 .000439
.000324 .000368
.000785 .000792
.000322 .000362
.000774 .000789
.000271 .000297
.001398 .001413
.000408 .000446
.001206 .001208
.000577 .000628
.000638 .000645
.000834 .000913
0.000000 .  0.000000



- £y -

Sec.

99
106
37
83
30
31
101
29
41
.90
50
52
80
100
84
56
85
102
22
78

#

Sector Name
Retail and Wholesale Trade
Medical, Educ. Services & NonproZit Inst.
Food and Kindred Products
Motor Vehicles and Equipment
New Construction, Nonresidential Buildings
New. Construction, Public Utilities
Real Estate and Rental
New Consiruction, Residential Buildings
Apparei
Local, Urban and Interurban Highway Pass. Trans.
Chemicals and Selected Chemical 2roducts
Drugs, Cleaning ana Toilet Preparations
Radio, Television and Communicatlions Equipment
Finance and Insurance
Aircraft and Parts
Rubber and Miscellaneous Plastics Products
Other Transportation Equipment
Hotels & Lodging; Pers. & Repailr Serv., except Auto Repair
Other Agricultural Products
Household Appliances
Other

ENERGY PRODUCT SECTOR = 20:

TABLE A-8

Se

Electric Power

Direct & Indirect Flows

1967

.255405
.184859
.213484
.137299
.092797
.051663
.060826
.080896
.075914
.010497
.067060
.037225
.042206
.040090
.059145
.020580
.031963
.035496
.020557
.021529
.531501

10

13 By
1985

.505220
1400166
398487
.294519
223049
:204146
.163479

.159869

.149184

.138508
.129556

. .104348

.092839
.076350
.072944
.070771
.065986
.065806
.059245
.055992
.986333

2000

.939374
.738226
.742140
.496226

.435309

.379505
.304751
.341751
.271591
.203735

1.259196
.189088

. 165082
.140528
131811
.126582
.124740
.122946
.130885
.104160
1.751185

(1-a)"} coefficients

1967

.002113
.003362
.003362

004966,

.003451 -
.004731 -
.000817

.003066,
.004518
.003304
.018390
.004362
.003262
.001554
.004045
.006636
.005087
.002196
.003010
.005459
0.000000

10® BTU/67 §
1985
.002205
.003893
.003893
.005636
.003785
.005238
.001108
.003708
.005627
.033089
.019738
.004589
.004281
.001530
.004231
.009537
.005434
.002424
.003585
.006314
0.000000

2000
.002544
.004522
.004522
.006073
.004820
.006248
.001288
.004803
.006497
.025486
.022695
.005123
.004932
.001758
.004900
.011019
.006366
.002791
.004119
.007413

0.000000



Appendix B
Direct Energy Service Input Requirements:

Distribution of Total Requiremeuls by Induscry

and Input Per Unit of Output Requirements
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.

Sector Name
Primary Iron and Steel Ménufactur:ng
Primary Nonferrous Metals Manufacturing
Motor VehIcles and Equipment
Heating, Plumbing and Fabricated Structural Metal Pr
Farm Machinery
Other Fabricated Metal Products
Stone and Clay Products
Food and Xindred Products
General Iaduétrial Machinery and Equipment'
Engines aand Turbines
Construction, Mining, 0il Field Machinery, Equipment
Electric Lighting and Wiring Equipment
Footwear and other Leather Products
Special Industry Machinery and Equipment
Machine Shop Products
Leather Tanning and Industrial Leather Products
Ordnance and Accessories
Paving Mixtures and Blocks
New Construction, Highways
New Construction, Public Utilities
Other

TABLE B-1
ENERGY PRODUCT SECTOR = 13: Ore Reduction Feedstock

Energy Flows

10" BrU

1967 1985 2000 1967
.535669  .512516  .910500 .017797
.002011  .003399  .006575 .000108
.000918  .001336  .002135 .000021
oducts  .000339  .000645  .00101S .000027
.000487  .000484  .000946 .000107
.000246  .000376  .000602 .000020
.000250  .000356  .000587 .000023
.000291  .000353  .000578 .000003
.000131  .000209  .000327 .000017
.000078  .000186  .000297 .000021
.000096  .000117  .000180 .000016
.000051  .000107  .000170 .000013
0.000000  .000056  .000084 0.000000
.000033  .000048 000074 .000006
.000030  .000037  .000060 .000007
0.000000  .000005  .000007 0.000000
0.000000  0.000000  0.000000 0.000000
0.000000  0.000000  0.000000  0.000000
0.000000  0.000000  0.000000 0.000000
0.000000  0.000000  0.000000 0.000000
0.000000  0.000000  0.000000 0.000000

1985

.012680

.000074
.000016
.000021
.000083

.000016 .

.000018
.000003
.000013
.000016
.000013
.000010
.000016

..000005
.000006
.000016

0.000000

0.000000

0.000000 ~

0.000000
0.000000

Energy Product Coefficieants
10° BTU/67 §

2000
.014789
.000086
.000017
.000022
.000085
.000016
000018
.000003
000014
.000016
.000013
.000010
.000016
.000005
.000006
-.000016
0.000000
0.000000
0.000000
0.000000
0.000000
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Sec.

50
51
54
30
55
32
35
31
29
34
33
53

122

93
99
47

" 91

89
92
106

#t

Sector Name
Chemicals and Selected Chemical Products
Piastics and Syntletic Materials
Paving Mixtures ard Blacks
New Construéti:n, Nonresidential Buildings
Asphalt Felts =nd Coztings
New Constructi-n, Highwzys
Maintenance ani Répair Construction, all other
New Constructiom, ?ublic UtZlitfes ’
New Constructicn, Residential Buildings
Mzintenance and Repair'consttuccion, rasidenticzl
New Construction, all other
Paints and Allied Products
Other Agricultural Products
Air Tramsportacion
Wholesale and Retail Irade
Paper and Allied Products except Containefs and Boxes
Motor Freight Transportation and Warehousing
Railroads and Eelazed Services

Water Transportation

"Medical, Educ. Services 5 Nonprofit Inst.

Other

» he

TABLE B-2

ENERGY PRODUCT SECTOR =

1967
.779992

.193714

.197816

.251941

.177407
.078436
.125739
.102311
.247227
.045982

.068645

.021006
.006622
.002240
.004323
.003323
.000858
.001105
.001218
.00579
.003582

Znergy Flows
. 15
10 " BTU

1985
1.770634
644458
.483953
.366807
.303472
.208368
.191317
.190540
.173233
.108592
.040880
.039582
.009530
.007276
.007005
...005779
.001391
.001289
.001224
.001066
.005580

14z

2060
3.307605
2.472092

.68871%

.640394

.530713

.385912

.234942

.338153

.325482

.336501
- .067929

.066477 .

.018677
012275
.012851
,00891&
.002474
.002332
.002054

.001943

.010049

Chemical Feedstocks

Energy Product Coefficients

1967
.034759
.023420
.332943
.009370
.305076

.009370

.007340
.009370
.009370
.007340
.009370
.007208
.000235
.000281
.000027
.000217
.000047
.000087
.000256
.000012

0.000000

Y

10

6

BTU/67 §
1985

.032667

.022010
.312902
.006225
.286714
.032226
.005642
.004889
©.004018
.007596
.004948
.006774
.000199
.000238
.000023
.000204
.000040
.000074
.000217
.000010
0.000000

2000
.032124
.050417
.307702
.007088
.281949
.036690
.006423
.005566
.004574
.008648
.005633
.006662
.000227
.000271
.000026
.000201
.000045
.000084
.000247
.000011

0.000000



TABLE B-3

ENERGY PRODUCT SECTOR = 15: Motive Power

Energy Flows Energy Product Coefficients

10'% Bru 10° BTU/67 § ‘
Sez. # Sector Name 1967 1985 2000 1967 1985 2000
93 Air Transportation .221759 .607478 1.042236 .027851 .019867 .023002
22 Other Agricultural Products : .130323 .158189 .315254 .004633 .003305 .003826
99 Wholesale and Retail Trade .085071 .116276 .216912 .000525 .000374 .000434
91 Motor Freight Transportation and Warehousing . .084903 116152 .210076 : .004635 .003307 .003828
89 Railroads and Related Services .109397 .107601 .197983 .008613 .006144 .007114
' 92 Water Tramsportation .120584 .102186 174361 .025374  .018100 .020957
~ 20 Local, Urban and Interurban Highway Pass. Trans. ' .033660 . 028392 .060596 .006148 .005335 .006177
:J 106 ‘ Medical, Educ. Services & Nonprofit Inst. ' .011387 .017691 .032790 .000235 .000167 .000194
21 Livestock and Livestock Products .010182 .011449 .021507 .000335 .000239 .000276
23 Forestry and Fishery Products .005782 .009866 .016411 .,004140 .002953 ;003419
i1 New Construction, Public Utilities .003822 .009731 .017561 .000350 .000250 .000289
1C3 Business Services .005931 .009226 .017049 .000105 .000075 .000087
0 New Construction, Nonresidential B8uildings .009411 .008827 .015671 .000350 .000150- .000173
100 Finance and Insurance .005839 .008466 .015601 .000123 . .000088 .000101
35 Maintenanze and Repair Construction, all other .004111 .007257 .069063 .000240 .000214 .000248
102 Hotels & Lodging; Pers. & Repair Serv., except Auto Repair .005987 .006245 .011706 .000288 .000205 .000238
32 New Construction, Highways .002930 .005304 .009990 .000350 .000820 ~ .000950
33 New Construction, all other .002564 .004184 .007071 .000350 .000506 .000586
29 New Construction, Residential .009235 .003998 .007640 .000350 .000093 .000107
94 Pipe Line Transportation .004951 ..003762 .005769 .004111 .002932 .003395

0 Other .031797 .041097 .077164 0.000000 0.000000 0.000000
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Sec.

50
47
60
61
37
51
62
56
59

.83
28
43
99
39

-52
27
66
54
64
26

Sector Number
Chemicals and Seélected Chzmiczl Products
Papef'and Allied Prcducts except Contairers anc Boxes
Stone and Clay Products
%rinary Iron and. Steel Mamufacturing
Food and Kindred Prcducts
Plastics and Synthetic Materials
Primary Nonferrous Manufacturiag
Rubter and Miscellaneous Flastic Products
Glass and Glass Products
Motor Vehicles and Equiément
‘Chemicals and Fertilizer Mineral Mining
Lumber and Wood Froduéts '
Wholesale and Retail Trade
Broad and Narrow Fabrics, Yarn and Threaé¢ Milis
Drugs, Cleaning amd Toilet Preparations
Stone and Clay Miming, Quacryiag
Other Fabricated Metzl Praducts
Paving Mixtures ard Blocks

Heating Plumbing and Fabricated Structural Metal Products

Nonferrous Metal Gres Minirg
Other

LY ]

&

TABLE E-4

ENERGY PRODUCT SECTOR = 16:

1967
1.068739

.673967

.605611
.813933
.488917

.215898 -

.276723
.082358
.136653
.089792
.066517
.0873@3
.079453
.090743
.042897
.056078
.056025
.037595
.036227
.025001
.573659

Energy Flows
103 51U

1985
2.178379
1.052391

.942489

.769450

.647700

644912

.587013

.217375

.197873

.142721

.139996

.137522

.123710

.119868

.094586

.094455

.093585

.082583

.075248

.067635

.867853

4
1
1
1
1
1
1

Process Heat

2000

.217138
.683048
.549409

.209518
.059591 .

. 100636
.105267
.371591
.278500
.227472

1.256779

1l

.190783
.204139
.190734
.156386
.147125
.149309
.121796
.118054
.116834
.408052

Energnyrbduct Coefficients-

1967
.047627
.044023
.055965
.027042
.005563

" .026102
.014791

.006064
.037175
.002083
.071668
.007307
.000490
.005878
.003448
.025106
.004603
.063276
.002911
.019855

0.000000

10° BTU/67 §

1985

.040190

.037148
.047226
.019036
004694
.022026
.012806
.005117.
.031370
.001758
.060477
.006166°
.000398

.004960 :

.002909
021186
.003884
.053395
.002456
.016755
© 0.000000

2000
.040957
.037858
.048128
.019645
.004784
.022447
.014538
.005215
.031970
.001791
.061633
.006284
.000408
.005055
.002965
.021591

. .003959

054416
.002503
.017075

0.000000
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Sec.

99
102
106
103
100

22

21

30

96
107

3

29
105
101
104
108

35

37

41

34

#

Sector Name

Wholeszle and Retail Trade

Hotels & Lodzing; Pers & Repair Serv., except Auto Repair

Medical, Eduz. Services & Nonprofit Inst.
Business Services

Finance and Insurance

Other agricultural Products

Livestock and Livestock Products

' New Construction, Nonresidential Buildings

Communications except Radio & Television Broadcasting
Federal Government Enterprises

New Construction, Public Utili:ies

New Coastruction, Residentiai

Amusem2nts

Real Estate and Rental

Automo>ile Fepair & Services

State and Local Government Enterprises
Maintenance and Repair Construction, all other
Foqd and Kindred Products

Apparel

Maintenance and Repair Construction, residential

Other

ENERGY PRODUCT SECTOR = 17:

1967

.201676
.112591
.046897
.012833
.012633
.009394
.008142
.004571
.003871
.003768
.001856
.004485
.003444
.002785
.002403
.001463
.001370
.001165
.000960
.000501
.017558

TABLE B-5

Energy Flows
10%° B1U

1985

.260414
.110951
.068831
.018858
.017304
.010772
.008649
.007544
.007316
.005805
. 004202
.004068
.003445
.003303
.002637
.001846
.001600
.001526
.001424
.001060
.022961

Water Heat

2000
.399557
.171069
.104930
.028662
.026227
.017656
.013363
.011017
.011186
.008830
.006238
.006393
.005367
.005037
.004011
.002808
.001643
.002922
.002680
.002747
-.040990

Energy Product Coefficients

10°

1967
.001245
.005412
.000967
.000228
.000265
.000334
.000268
.000170
.000200
.000527
.000170
.000170
.000357
.000025
.000163
.000232
.000080
.000013
.000043
.000080

0.000000

BTU/67 §

1985 -

.000839

.003647
.000652
.000153
.000179
.000225
.000180
.000128
.000135
.000355
-.000108
.000094
.000241
.000017
.000110
.000156
.000047
.000011
.000036
000074
0.000000

2000
.000799
.003473
.060620
.000146
.000170
.000214
.000172
.000122
.000129
.000338
.000103
.000090
.000229
-000016'
.000105
.000149
.000045
.000013
.000042
.000071

0.000000



_OS_

Sec.

99
106
102
108
103

21
101
104
100

96
107

37

98

49

56

83

62

89

80

41

Sector Nan=
Wholesale and Retail Trade
Medical, Educ. S2rvices & Nouprofit Inst.
Hot=1s & Lbdging; Pers. & Repeir Serv., except Auzo Repair
State and Local Governmen: Enterprises
Business Services
Livestock and Livestock f:odu:ts
Real Estate and Rental )
Automobile Repair ard Services
Finance and Insurance '
Comnunications except Radio & Ielevision Broadcasting
Federal Governme=t Enterprises
Fooc and Kindred Products
Water and Sanitary Services °
Printing and Publishing
Rubber and Miscellaneous Plastics Products
Motor Vehicles and Ejuipment
Primary Nonferrous Metals Mancfacturing
Railroads and Related Services
Radio, Televisior and Communications Equipment
Apparel
Other

TABLE B-6

ENERGY PRDDUCT SECTOR = L8: Space Heat

1967
.068960%
.276167
.293854
.169691
.133418
.176300
.123658
©.103778
.080630
.050119
.037879
.034948
.041990
.021621
.010082
.015871
.007654
.023844
.012957
.014405
.314101

Energy Flows

10

13 Bru

1985

.853991
.388743
.277716

.205347

.188022
.179604
.140639
.109218
.105927

.090848

.055967
.042737
.042316
.028052
.024565
.023287
.023172
.021249
.020121
.019943
433245

2000
1.144628
-517686
.374060 .
.272920
249641
.2462417
.187346
.145102
.140251
.121349
.074370
.063416
.055926
.041555
.038089
.033665
045579
.028091
.028942
.029076
.621646

Energy Product Coefficients

1967
.004256
.005694
.014124
.026930
.002367
.005796
.001092
.007037
.001694
.002594
.005301
.000398
.011784
.000979
.000742
.000368
. 000409
.001877
.000783
.000640
0.000000

10% BTU/67 $

1985

.002750
.003680

.009129
.017406
.001530
.003746
.000706
.004548
.001095
.001677
.003426
.000310
.007616
.000763
.000578
.000287
. 000506
.001213
.000610
.000499
0.000000

2000

.002288
.003061 .
.007594
.014479
.001273
.003116 ~
.000587
.003784

.000911

.001395
.002850
.000286
.006336
.000705
.000535
.000265

. .000599

.001009
.000564
.000461
0.000000



TABLE B-7

ENERGY PRODUCT SECTOR = 19; Air Conditioning

Energy Flows Energy Product Coefficients
10* BrU 108 BTU/67 §

Sec. # Sector Name 1967 - 1985 2000 1967 1985 2000
99 Wholesale and Retail Trade .113292 .223511 .395392 .000699 .000720 .000790
106 Medical, Educ. Services & Nonprcfit Imst. .038018 .085256 .149851 .000784 . .000807  .000886
51 Plastics and Synthetic Materials .022880 .068356 . 113440 .002766 .002335 .002314
103 Business Services .019803 .0464462 .077914 .000351 .000362 .000397
100 Finance and Insurance .019493 .040799 .071296 .000410 .000422 .000463
102 Hotels & Lodging;‘Pers- & Repair Serv., except Auto Repair .019987 .030094 .053497 .000961 .000989 .001086
J‘ 50 Chemicals and Selected Chemical Products » -011234  .022902 .043114 .000501 .000423 .000419
= 39 Broad and Narrow Fabrics, Yarn and Thread Mills ©.015892 .020997 .032488 .001029 000869 .000861
! 96 Communications Radio & Television Broadcasting .005973 .017248 .030408 .000309 .000318 .000350
81 Electronic Components and Accessories .007398 .016472 .027219 .000928 ..000783 .000776
80 Radio, Television and Communica:ions Equipment .009316 .015675 .024171 .000563 .000475 .000471
107 Federal Government Enterprises .005814 .013687 .024003 .000814 .000838 .000920
52 Drugs, Cleaning and Toilet Preparations .005480 .012085 .019430 .000440 .000372 .000368
84 Alrcraft and Parts . .011234 .011401 017871 .000515 .000435 ©.000431
105 Amusements . .005314 .008122 .014590 .000551 .000567 .000623
101 Real Estate and Rental .004298 .007788 .013692 _ .000038 .000039 .000043
38 Tobacco Manufacturers i .007398 .007643 .012048 .000935 .000789 .000782
37 Food and Kindred Products .005343  ,007079 .011261 .000061 .000051 .000051
47 Paper and Allied Products, except Containers and Boxes .004110 .006419 .009983 .000268 .000227 .000225
104 Automobile Repair & Services .003709 .006218 '.010903 .000251 .000259 .000284

0 Other .036704  .065182 .105128 0.000000 ©0.000000 0.000000
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TABLE B-8

ENERGY PRODIJCT SECTOR = 2): Electric Power

Energy Flows Energy Product Coefficienbs
10'% 31U 10% BTU/67 $
Sec. f# Sector Name 1967 1985 ) 2000 1967 1985 2000
50 Chemicals and Selected Chemical Products .280792 .694288 1.470264 .012513 .012809 .014279
62 Primary Nonferrous Meta_s Manufzcturing .195675 469716 .868514 .010459 .010247 .011424
99 Wholesale and Fetail Trzde .230771 .453457 .814497 .001424 .001460 .001628
106 Medical, Educ. Services & Noaprcfit Inst. .157734 .352300 .628731 003252 .003335 .003718
61 Primary Iron azd Steel ManuZacturing .176613 .291912 .495672 .005868 ) .007222 .008051
90 Local, Urban and Interurban Highway Pass. Trans. .011180 .162853 .216697 ’ .002042 .030601 .022089
47 Pzper and Allied Products, except Containers and Boxe:z .079558 .150700 .263635 .005197 .005320 .005930
37. Food and Kindred Products - .091000 .146243A. .261706 .001035 .001060° .001182
56 Rubber and Miscellaneous Plastics Products .034367 .110035 .205759 .002531 .002590 .002888
60 Stone and Clay Products .050093 .094569 .170063 .004629 .004739 .005283
51 Plastics and Synthetic Materials .024816 .089924 .167875 .003000 .003071 .003424
- 39 Broad and Narrow Fabrics, Yz-n and Thread Mills .052636 .084347 » .146811 .003410 .003490 .003891
83 Motor Vehicles and Equipment ’ .043886 ’1682691 .144168 .000995 .001018 .001135
100 Finance and Insurance .034632 .072193 .128096 .000728 .000746 .000832
108 State and Local Governmeant Enterprises .025000 .048002 .085498 .003968 .004069 .004536
43 Lumber and Wooc Products. .024373 .046541 .070627 .002038 .002087 .002326
26 Noanferrous Metzl Ores Miaing ’ .013104 - 043006 .081264 .010407 .010654 .011877
96 Communications except Ralio & Television Eroadcasting .014371 .0%1332 .073986 .000744 ".000763 .000850
101 Real Estate and Remtal .022855 041244 .073628 .000202 .600207 .000231
77 Elzc. Trans. & Dist. Eq. & Elec. Industry Apparatus .016627 .639705 .071479 .001717 .001758 .001960
0 . Other _ .453592 .832471 1.466758 0.000000 0.000000 0.000000
5 v o -



Appendix C

BNL and DRI Sector Definitions
and
Energy, Output, and Energy per Unit

of Qutput by BNL Sector Definitions
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Table C-1

BNL and DRI Sector Classification Definitions

DRI Sector

Coal

Crude oil and gas

Refined oil

Cas Utilities (Refined Gas)

Electricity

BNL 110 Sector

10.
11.

12.

- 54 -

Coal
Crude oil and gas

Shale oil

Synthetic 0il from ceoal

Refined‘0i1 Products
Pipeline gas

Methane from coal

Coal combined cycle electric
Other fossil electric

LWR electric

HTGR electric

Hydroelectric

o

X



DRI Sector

Table C-1 (Cont'd)

Agriculture, Mining,
& Construction

Manufacturing

Sectorial Classification Definitions

BNL 110 Sector

35

36
37
38
39
40
41
42
43

45
46
47

48
49
30
51
52
53
54
55
56
57
58
59
60
61

Livestock and livestock products

Other agricultural products

Forestry and fishery products

Agricultural, forestry and fishery services

Tron and ferroalloys ores mining

Nonferrous metal ores mining

Stone and clay mining and quarrying

Chemicals and fertilizer mineral mining

New construction, residential buildings

New construction, nonresidential buildings

New construction, public utilities

New construction, highways

New construction, all other

Maintenance and repair construction, residen-
tial

Maintenance and repair construction, all other

Ordnance and accessories

Food and kindred products

Tobacco manufactures

Broad and narrow fabrics, yarn and thread mills

Misc. textile goods and floor coverings

Apparel

Misc. fabricated textile products

Lumber and wood products, except containers

Wooden containers

Household furniture

Other furniture and fixtures

Paper and allied products except containers
and boxes

Paperboard containers and boxes

Printing and publishing

Chemicals and selected chemical products

Plastics and synthetic materials

Drugs, cleaning and toilet preparations

Paints and allied products

Paving mixtures and blocks

Asphalt felts and coatings

Rubber and miscellaneous plastics products

Leather tanning and industrial leather products

Footwear and other leather products

Glass and glass products

Stone and clay products

Primary iron and steel manufacturing

- 55 -



Transportation
(for hire)

'Table Cc-1 (Cont'd) -

62
63
64

66

67
68
69

70

71
72
73
74
75
76
77

78
79
an
81

82

83
84
85
86

87

88

89
90

91
02
93
94
95
96

97

98
99

Primary nonferrous metals manufacturing

Metal containers . ,

Heating, plumbing and fabricated structural
metal products

Screw machine prod., bolts, nuts, etc. &
metal stampings o

Other fabricated metal products

Engines and turbines

Farm machinery

Construction, mining, oil field machinery
equipment :

Materials handling machinery and equipment

Metalworking machinery and equipment

Special industry machinery and equipment

General industrial machinery and equipment

Machine shop products

Office, computing and accounting machines

Service industry machines

Elec. trans. & dist. eq. & elec. industry
apparatus

Household appliances

Electric lighting and wiring equipment

Radio, television and communicatlon equipment

Electronic components and accessories

Miscellaneous elec. machinery, equipment &
supplies

Motor vehicles and equipment

Aircraft and parts

Other transportation equipment

Professional, scientific & controlling inst.
& supp.

Optical, opthalmic, & photographic equip. &

" supp.

Miscellaneous manufacturing

Railroads and related services
Local, suburban & interurban highway pass.
trans.

Motor freight transportation and warehousing

Water trauspurtaclon

Air transportation

Pipe line transportation

Transportation services

Comtuuicallons except radio & television
broadcasting

Radio and TV broadcasting

Water and sanitary services

Wholesale and retail trade

- 56 -
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hedd

4

Table C-1 (Cont'd)

100
101
102

103
104
105
106
107

108

109
110

Finance and insurance

Real estate & rental

Hotels & lodging; pers. & repair serv., ex-—
cept auto repair

Business services

Automobile repair & services

Amusements

Medical, educ. services & nonproflt inst.

Federal government enterprises

State and local government enterprises

Business travel, entertainment & gifts

Office supplies
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".Sector

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
S1
52
53
54
S5
56
57
58
59
60
61
62
63
64
65

Table C-2

Total Primary Fuel Purchases by

.2965
.7212
.0383
.0099
.0806
.0822
.1297
1363
.3572

.3637 .

.1478
.1132
.0991
.0653
.1733
.0996
.1159
.0225
.3385
.0572
.0879
.0246
.2325
.0051

. .0293

[

.0196
.3362
.0647

.1030 -

.3634
.6399
.1049
.0445
.2594
.2047
.2534
-0207
.0181
+ 2755
.4039
.6649
.0560
.0323
.1170
.0931

1985

.5143
.6938
.0611
.0093
L1176
.2166
.2335
.3056
.2614
.5393
.3048
2434
.0723
.1424
.2654
.0706
1.6124
.0248
.5064

L1179

.1120
.0503
.4097
.0055
0504
.0305
2.2177
.1149
.1818
7.5172
2.0540
.2521
.0841
.6300
.3507
.4868
.0035
.0327
L4255
1.8564
4.3999
2.4712
+0611
©.2808
.1030

(10

15

.7227
1.1528
.0782
.0149
.1751
L4572
.3859
.5935
.4803
.9205
.5232
4434
.1144
.4353
.3171
.1245
2.7734
.0406
.8563
.1981
.2640
.0833
. 5959
.0091
.0827
.0488
3.7425
.1931
L8020
15.1631
5.0102
.4350
.1474
.9158
.0215
1.3660
0055
.0519
.6312
.2111
.5713
.7033
L1052
-.4596
.1682

Ll W]
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BTU)

Interindustry Sector

1967-1985
Growth Rate

1985-2000
Growth Rate

$/Year

i
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Table C-2 cont'd. -

Total Primary Fuel Purchases by Interindustry Sector
15 : S

(10 BTU) -
i 1967-1985 . 1985-2000
Sector 1967 1985 - 2000 Growth Rate ~ Growth Rate

' " %/Year -%/Year

66 .1512 .2839 .4738 3.6 3.5
67 .0374 .1091 .1826 6.1 3.5
68 .0436 .0357 .1090 -1.1 7.7
69 .0642 .0985 .1560 2.3 3.6
70 .0116 .0278 - .0445 5.0 3.2
71 .0567 .0815 L1311 2.0 3.2
72 .0324 .0603 .0959 3.5 3.1
73 - .0634 L1291 .2099 4.0 3.3
74 .0395 .0645 .1088 2.8 3.5
‘75 L0227 .0638 ©o.1120 5.9 3.8
76 ’ .0280 .0878 - .1471 6.6 3.5
77 . .0870 . .2044 .3534 4.8 3.7
78 .0544 .1115 .1933 4.1 3.7
79 ©.0343 .0943 .1551 5.8 3.4
80 .0702 .1457 ©.2362 4.1 3.3
81 .0638 . .1704 .3022 5.6 3.9
82 .0272 .0577 .0992 4.3 3.7
83 .3030. .5522 .9281 3.4 3.5
84 .1351 .1649 L2772 1.1 3.5
85 .0536 .1034 .1806 3.7 3.8
86 .0276 .0598 .0950 4.4 3.1
87 ‘ .0221 .0882 .1048 8.0 1.2
88 .0466 .0883 :1428 3.6 3.2
89 .5822 .4543 .6715 -1.4 2.6
90 . .2060 .6108 .8583 6.2 2.3
91 - L4461 .4689 .6830 0.3 2.5
92 ; .6182 .3926 .5418 -2.5 2.2
93 1.1194 2.2618 3.1408 4.0 2.2
94 .0726 .0671 .0898 -0.4 2.0
95 ‘ .0014 .0039 .0060 5.8 2.9
96 : .1275 .3633 - .5499 6.0 2.8
97 .0285 .0351 .0574 1.2 3.3
98 .0800 .1324 ©.1892 2.8 2.4
99 2.5719 4.6103 7.2325 3.3 3.0
100 .2756 .5508 .8581 3.9 3.0
101 L2386 .4437 .6401 3.5 2.5
102 .7101 1.0268 - 1.5389 2.1 2.7
103 - .2544 .5520 .7718 4.4 2.2
104 .5150 .3016 .4186 -2.9 2.2
105 .0669 .0930 .1557 1.8 3.5
106 1.0223 2.2397 . 3.5687 4.4 3.2
107 .0883 .2038 .3015 4.8 2.6
108 ' .2947 .5912 ".8328 3.9 2.3
109 0.0 0.0 0.0 0.0 0.0
110 0.0 0.0 0.0 0.0 0.0

Source: BNL Combined IO/LP Runs of 5/8/75, 3/22/77.
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1985-2000

1967-1985, 1985-2000

(%/Year)
1967-1985

Table C-3
Growth Rates in Non-Energy Total
Output, by Sector:

Sector
Number

3757169049035954210011191811,24536595877__29429901..

................................................

33232324323326033374333223231.34333233227 3233./-233

...............................................
23512635-&4710431217434302233257535366133153PJ036
1 [l

21
22
23
24
25
33
34
36
39
47
48
*49
50
53
54
55
56
57
58
59
(V)
04
65
66

26
27
28
29
30
31
37
38
40
41
42
45
46
51
52
61
62
63
67

32
43
44
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.Table C-3 cont'd.

Sector .
Number : 1967-1985 1985-2000
68 .4 .4
69
70
71
72
73
74
75
76
77
78
79
80
81
82 .
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

HMWNWAERBNNNPEPNWLUHUNHENUVONEWOHWONWAHWBUVMIWUVERLAOUVMIN RN NUIN R
e o o % & s e o e o s e ® & e e & s+ e e s e & e & s + s s e e 2 e e s s s+ & e s o
AN NI N R NN N RN R R AN NN W RN R RHWRHRE R AU RH R DN DD N S
e« s 8 o s s e ® 8 s s ® & & e ® ® ® ® s + s e s s e s s e s+ e a2 w4 s e e 2 s ° e+
WRENMNNWNRNWNENNENNNOONAONHOPRUNEHONUVNMNOOWWNEFEUVEWYWRWO®

Source: BNL Combined I1/0-LP model runs
5/8/75, 3/22/77
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Growth Rates of Energy Input per Unit of Output by Interindustry Sector

Table: C-4

1967-1985
Growth Rate

1985-2000
Growth Rate

. (3/Yr)
1967-1985 1985-2000 -

Sector Growth Rate Growth Rate Sector
21 0.5 -1.0 66
22 -3.2 -0.3 67

23 -2.4 -0.9 68
24 - -1.9 -0.5 69
25 -0.4 - 0.6 70
26 - -0.4 0.6 71
27 -0.6 0.5 72
28 -0.6 0.5 73
29 -4.5 0.7 74
30 -2.3 0.7 75
31 -3.2 0.7 70
32 5.7 0.8 77
33 -2.4 0.6 78
34 . -0.3 0.8 79
35 -1.5 0.7 80
36 -0.2 V.4 81
37 -0.4 0.5 - 82
38 -0.6 0.2 " 83
39 -0.2 0.6 ‘84
40 -0.7 0.5 85
41 -1.8 2.8 86
42 -0.1 0.3 87
43 -0.3 0.4 88
44 0.0 0.5 89
45 0.3 0.3 90
46 . 0.0 0.4 91
47 -0.5 0.5 92
48 -0.3 0.4 a3
49 0.3 0.2 94
50 -0.4 0.4 9§
51 -0.6 2.6 96
52 -0.5 0.4 97
53 -0.3 0.2 98
54 -0.58 n.0 99
55 -0.4 0.0 100
56 -2.8 3.6 101
57 -2.8 0.2 102
S8 4.4 0.4 103
59 =0.6 0.5 104
60 -1.9 0.5 105
61 1.1 0.8 106
62 -0.3 1.0 107

63 -0.3 0.5 108
64 - -0.1 0.4 109
65 0.1 0.4 110

Svurce: Tables

c-2,
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