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ABSTRACT

Total (direct and indirect) enerpy and labor intensities have
been projected to the year 2000 for a 40-sector economy. Energy
intensities were derived by modifying the CONAES results with four
possible energy price change scenarios between 1975 and 2010. Labor
intensities were projects using data from the CAC model and projected
BLS matrices to approximate the effect of a doubling of energy
prices between 1975 and 2010. As an illustrative example, the projected
data were used to determine the net energy and employment impacts of

the National Energy Plan on residential energy use to the vear 2000.
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INTRODUCTICN

This report documents the model, assumptions, and data used in
generating a set of energy intensities to the year 2010, The
assumptions and data used for producing the energy intensities draw
to some extent from OUTLOOK FOR CENERCY DEMAND AND CONSERVATION, the
report of the CONAES Panel on Demand and Conservation,

When using the projected energy intensities, several things should
be kept ir mind. First, the intensities presented are those which would
exist in a possible future state of the economy. Four possible future
states of the economy are considered, with a resulting set of intensities
for each. Although four scenarios are considered, no claim is made that
any one of these will be the actual condition of the economy in the
year 2010. Second, as the projectlon liorizon increases, the acouracy
of the more distant projections tends to decrease, And, third, some
of the technological changes specified in a future state of the economy

are based on judgmental decisions by industry experts.

1.0 THE MCDEL

Energy production and consumption in the economic system is described
by a 20-sector linear structural model. The system is subdivided into
40 sectors, listed in Table 1. The first 12 sectors are engaged in
energy resource extraction, processing and conversion. The next & are
ficticious "energy service'" sectors representing the end uses or purposes
for which fuels and electricity are used. The last 20 sectors are those

which consume energy services to produce non-energy goods and services.




40-0rder Sector Number and Title

o e =~ o0 U & W N =

T S e I - T T S B e T
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Coal Mining

Crude Petroleum and Natural Gas
Shale 0il

Coal Gasification

Coal Liquification

Refined Petroleum Products
Natural Gas Utilities

Coal Combined Cycle Electrie
Fossil Electric Utilities
Light Water Reactor
High-temp Gas Reactor
Renewable Electric Utilities
Ore-reduction Feedstocks
Chemical Feedstocks

Motive Power

Misc, Thermal Uses

Water Heat

Space Heat

Air-conditioning

Misc. Electric Power Uses

Table 1, Sector Definitions

CAC I/0 Code

BEA I/0 Code

7

31.01
68.02

68.01

Title

Coal Mining
Crude Petroleum and Natural

Refined Petroleum
Matural Cas Utilities

Electric Utilities

Gas
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Table 1, Sector Definitions (Continued)

40-0Order Sector Number and Title CAC 1/0 Code BEA 1/0 Code Title
21 Agriculture 6 1 Livestock and Livestock Products
7 2 Other Agricultural Products
8 > Forestry and Fishery Products
g 4 Agricultural, Forestry and Fishery Serv.
22 Mining 10 5 Iron and Ferro Alloy Ores Mining
11 6 Non-Ferrous Metal Ores Mining
12 ] Stone and Clay Mining and Quarrying
13 10 Chemicals and Fertilizer Mineral Mining
23 Construction 14 11 New Construction
15 12 Maintenance and Repalr Construction
L7
24 Food 17 14 Food and Kindred Products
25 Paper 27 24 Paper and Allied Products except
Containers and Boxes
28 25 Paperbeoard Containers and Boxes
29 26 Printing and Publishing
26 Chemicals 30 27 Chemicals and Selected Chemical Products
31 28 Plastics and Synthetic Materials
32 29 Drugs, Cleaning and Toilet Preparations
53 30 Paints and Allied Products
34 31.02 Pavipg Mixtures and Blocks
35 31.03 Asphalt Felts and Coatings
36 32 Rubber and Misc. Plastics Products
27 Glass Products 39 35 Glass and Glass Products
28 Stone and Clay Products 40 36 Stone and Clay PFroducts
29 Iron and Steel 41 37 Primary and Steel Manufacturing

30 Nonferrous Metals 42 I8 Primary Nonferrous Metals Manufacturing




40=0rder Sector
Number and Title

31 Intermediate Goods

32 Railrcad Transport

33 Bus Transport

CAC I/0
Code

16
19
235
24
26
37
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
59
60
61
62
64
65
&b
67

68

70

Table 1.

BEA I/0
Code

15
16
20
21
23
33
39
40
41
42
43
a4
45
46
47
48
49
50
51
52
53
55
56
57
58
60
61
62
63

65,01
65.02

Sector Definitions (Continued)

Title

Ordnance and Accessories

Broad and Narrow Fabries, Yarn and Thread Mills

Lumber and Wood Products, Except Containers

Wooden Containers

Other Furniture and Fixtures

Leather Tanning and Industrial Leather Products

Metal Containers

Heating, Plumbing, and Fabricated Structural Metal Products
Screw Machine Products, Bolts, Nuts, etc, and Metal Stampings
Other Fabricated Metal Products

Engines and Turbines

Farm Machinery

Construction, Mining, 0il 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., Transmission and Dist. Fquip. and Elec. Indus. Apparatus
Electric Lighting and Wiring Equipment

Radio, Television and Communication Equipment

Electronic Components and Accessories

Misc, Elee, Machinery, Equipment and Supplies

Aircraft and Parts

Other Transportation Equipment, not including Motor Vehicles
Professional, Scientific and Controlling Instruments § Supplies
Optical, Ophthalmic and Photographic Equipment and Supplies

Railrocads and Related Services

Local, Suburban, & Interurban Highway Passenger Transport




AR I,

40-Order Sector Number and Title
34 Truck Transport

35 Water Transport

36 Air Transport

37 Trade

38 Services

39 Motor Vehicles and Equipment

40 Consumer Goods

Table 1,

CAC 1/0
Code

71
72
i
79

T4
75
76
77
78
80
81
82
B3
LE
85
g6
87
g3
g9
a0

63

18
20
21
22
25
38
58
68

Sector Definitions (Continued)

BEA I/0
Code

65,03
65,04
65.05
69

65,06
65.07
66
67
68,03
70
73
72
73
75
76
T
78
75
81
82

59

15
17
18
19
22
4
54
64

Title
Motor Freight Transportation and Warehousing
Water Transportation
Air Transportation
Wholesale and Retail Trade

Pipeline Transportation

Transportation Services

Communications except Radio and Television Broadcasting
Radio and TV Broadcasting

Water and Sanitary Services

Finance and Insurance

Real Estate and Rental

Hotels and Lodging; Pers. & Repair Serv. except Auto Repair
Business Services

Automebile Repair and Services

Amusements

Medical, Educational Service, and Non-profit Organizations
Federal Government Enterprises

State and Local Government Enterprises

Business Travel, Entertainment and Gifts

Office Supplies

Motor Vehicles and Equipment

Tobacco Manufactures

Miscellaneous Textile Goods and Floor Coverings
Apparel

Miscellaneous Fabricated Textile Products
Household Furniture

Footwear and Other Leather Products

Household Appliances

Miscellaneous Manufacturing




The model represents the production technologies for each of these
sectors in terms of 40 coefficients; togetHer they comprise a 40 x 40
matrix of input-output coefficients. A typical element Aij represents
the amount of input from sector i needed directly by sector j to produce
one unit of output, This matrix defines the fechnology of producing
goods and services. It alone is sufficient to define the energy intensity
of each sector's outputs, as described in the next subsection, When
these energy intensities are multiplied by the total quantity of goods and
services supplied to consumers, investors, and government, we will obtain

the total energy demand for the system.

1.1 Energy Cost of Goods and Services

Consider a typical sector j producing a total output xj. If we denote
the energy intensity of that sector's output by Ej Btu/unit output, then
the total energy embodied in that output is ijj' Since the technology
of sector j's production process is characterized by the jth column of
the matrix A, we can construct the energy balance diagram shown in fig. 1.
The diagram states simply that the energy embodied in the inputs from
each sector i ( Eiﬁijxj] plus the energy extracted from the earth
(E. # 0 if j is primary energy sector), equals the energy embodied in

more detail by Bullard and Herendeen (1975), results in the following

energy balance equation in matrix notation:

cAX+E=gX @-1)
where X is a diaponalized matrix of sector outputs.
Solving for the energy intensitics we obtain
£=ey” (1-2)

6
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Figure 1. Energy Balance for a Typical Sector




where ¢ is a unit vector that defines the encrgy sector row of (1:§j'l
as the energy cost of goods and services.*

The above analysis can be repeated for each of the primary energy sectors
resulting in a matrix g whose elements can be summed columnwise to define
a "total primary" energy intensity for each sector's output. Primary electric
intensities such as hydro and nuclear are converted to fossil fuel equiva-

lents consistent with the Bureau of Mines convention.

1.2 The Technology Specification

The U.S5. Department of Commerce assembles data for models such as
this one at irrepular intervals, the latest being for 1967.*#* For energy
analysis, this data has been assembled together with specific data on
new energy technologies by Bullard and Sebald (1975 a,b) in a way that
highlights the end uses of energy as defined by the ficticious "energy service
sectors (13-20 in Table 1). Among the reasons for supplementing the Commerce
Department data are:

1} to express eneérgy use in physical, rather than monetary units

to account for the fact that enerpgy is sold to different

users at different prices.

2) to express industrial energy requirements in terms of functional
end uses so technological changes can be specified explicitly.

The result is a 40 x 40 matrix whose elements are expressed in the units
shown in fig. 2, Nonenergy sector outputs are expressed in terms of
constant (1967) dollars because they are too aggregated to be characterized

by a single physical unit of measure.

* The unit vector 1s obtained as the product §1§f1 because the output of
an energy supply sector is defined as the amount extracted from the carth,

#+ Spe 1).S, Department of Commerce (1974)
8




Supply Service Non-energy
Br Bt-
Energy Supply E?E E?& 0
Energy Service %%E- 0 E%E
NON-ener gy E%G 0 _%

Figure 2. Units of Measure for Input-Output Coefficients

Note that the fieticious enerpy service sectors are defined in such
a way that several sections of the A matrix are zero. In this model, the
energy supply sectors provide all their output to the energy service sectors
which in turn “provide" space heat, process heat, etc. to the producing
sectors of the economy. This representation facilitates specifications of
a technological change that is specific to a particular end use (e.g., building
insulation would affect space heating and air conditioning demands). Also,

fuel substitution changes are restricted to the 12 x 20 upper left submatrix.

1.3 Identification of Important Technological Coefficients

All elements in the 40 x 40 A matrix are subject to change between
1967 and 2010 as production technologies change in each sector. Specifying
all such changes is a formidable task. To focus efforts on the most important
parameters, "energy input fractions" were computed for each sector and
rank-ordered. These fractions gij represent the fraction of the total encrgy
intensity of product j embodied in its direct inputs from sector i, It is

easily secen from fig. 1 that the energy input fractions are piven by




™
[

A. . (1-3)

g:: = i

ij

3

J

These fractions were computed for the base year and were useful in identify-

ing those aspects of a production technology most important with respect

to energy demand. For example, it shows that only 10% of the energy cost

of a car is due to the fuels and electricity consumed by the auto maker,

while over a third is due to the steel used. So for specifying auto production

technologies in 2010 it is more important to accurately describe the size

and weight of the car than the degree of mechanization of the assembly line.
Section 2 describes which and by how much the most important elements

of the A matrix will be changed.

1.4 Four Scenarios

Energy intensities were projected to the year 2010 under four scenarios
corresponding roughly to real energy price levels (4, 2, 1, 0.5) times
the 1975 level. (The CONAES study presents the actual price levels in
more detail.) For the remainder of this report the scenarios will be referred
to as (A, B, C, D)} respectively.
Section 2 describes the changes in production technologies by means
of multiplicative factors to be applied to the important elements of the
A matrix, There is a different set of multiplicative factors for each of
the four scemarios. In Section 3, the energy coefficients under each of the

four scenarios are found.

2.0 PRODUCTION TECIHNOLOGIES

The technology of producing any type of good or service is defined
by specifying the inputs required directly to produce one unit of the
product. The inputs are of two types, energy and non-energy goods and

services., Energy can be conserved by two types of technological change;
10




direct energy inputs can be reduced, or substitutions can be made among
non-energy inputs to reduce the overall energy intensity of the preduct.

Both types are described below for each producing sector of the economy.

2.1 Enerpgy Production and Processing Sectors

These sectors (1-12 in Table 1) are engaged in the extraction of
primary energy resources and processing them into forms required by end-
use devices (e.g. methane, gasoline, electricity). The technologies des-
cribed in the model are derived from historical data for the base year 1967
and updated to include new processes and technologies as described by Just
(1974).* Of the technologies already in existence in the base year, only
changes in petroleum extraction and refining processes could account for
enough energy impact tco warrant updating. The industry research group
of the CONAES panel indicates that the direct energy efficiency of
petroleum refining improved for each of the scenarios, while the energy

required for extraction increased.

*
Detailed descriptions of the derivation of technological coefficients
are given in Knecht and Bullard (1975).

11




2.2 Industrial - Direct Encrgy Use

In all 40 scctors, the base year values for feedstock inputs are unchanged
except in two sectors: construction and chemicals. From the Industry
Resource Group report we obtained the following factors to apply to the base

year input levels from the ore reduction and petrochemical feedstock sectors.

SCENARIQ
Sector A B C D
23 Construction 0.58 .70 .80 58
26 Chemicals 1.12 1.13 115 113

Table 2. Fractional Changes in Industrial Use of Feedstocks
For the Year 2010 (1967 = 1.00)

For process heat energy, the base year inputs of coal, refined oil
and natural gas are multiplied by the factors shown in Table 3 for all
scenarios. These were obtained by detailed comparisons of fuel used per
physical unit of output in the year 1967 and the 2010 projections. This
represents a situation where industries minimize purchases of utility
electricity, effectively maximizing coal-fired cogeneration.

The energy savings due to cogeneration are not included in those
fipures, however; an overall adjustment is made to the industrial sector's

total coal use after all calculations have been performed.*

*See Report of the CONAES Panel on Demand & Conservation, Chapter VII.

12




Table 3a. Fractional Changes in Direct Energy Use per Unit Production
for the Year 2010, Scenario A (1967 = 1.00)

COAL o1l GAS ELECTRICITY
|

Agriculture 1.00 .78 1.74 1.51
Mining 1.00 1.00 1.00 1.00
Construction 1.00 1.00 1.00 1.00
Food .40 .54 .35 .B6
Faper 1.06 .39 o 8 .51
Chemicals 1.76 1.82 ~04 .34
Glass 2,31 2.80 25 . 8O
Cement E Stone 1.04 .79 .48 .92
Iron § Steel -89 L .08 51
NonFerrous Metals 5.45 .26 .25 A4
Intermediate

Goods, 1.51 .25 .33 1.20
Consumer Coods




Table 3b. Fractional Changes in Direct Energy 'Ise per Unit Production
for the Year 2010, Scenario B (1967 = 1.00)

COAL 0IL GAS ELECTRICITY

Agriculture 1.00 1.00 1.74 1.97
Mining 1.00 1.00 1.00 1.00
Construction 1.00 1.00 1.00 1.00
Food A7 1.22 - 35 .99
Paper 1.22 .44 .16 | .41
Chemicals 1.99 1.65 .03 .38
Glass 2.32 3.64 .29 .80
Cement § Stone 1.04 1.05 07 1.10
Iron § Steel 91 B0 .10 .34
NonFerrous Metals 6.41 «37 .29 .59
Intermediate

ggzgiénr Goods ge o e A

14




Table 3¢. Fractional Changes in Direct Energy 'Ise per Unit Production
for the Year 2010, Scenario C (1967 = 1.00)

COAL OIL GAS ELECTRICITY

Agriculture 1.00 62 2.92 B.29
Mining 1.00 1.00 1.00 1.00
Construction 1.00 1.00 1.00 1.00
Food .20 S . 64 2,99
Paper +31 .70 44 69
Chemicals .54 3.47 W72 .92
Glass 0 B4 .60 1.36
Cement § Stone 1.08 1.30 w12 _ﬂh_l-ﬁﬁ
Iron § Stecl -70 <71 .43 .92
NonFerrous Metals .51 .38 1.08 1.63
Intermediate

g:ﬁ:i%cr Goods -62 -50 S LA

15




Table 3d, Fractioi:al Changes in Direct Energy Use per Unit Production

for the Year 2010, Scenario D (1567 = 1,00)

COAL 0IL GAS ELECTRICITY

Agriculture 1.00 61 3.26 9.05
Mining 1.00 1.00 1.00 1.00
Construction 1.00 1.00 1.00 1.00
Food .20 .81 77 3.16
Paper B . .72 .47 76
Chemicals .28 3.95 .78 97
Glass 0 . B4 .62 1.36
Cement § Stone 1.18 2.08 B By 1.66
Iron § Steel i i | A6 .98
NonFerrous Metals .56 6.00 1.02 1.84
Intermediate

Goods, .68 .55 1.10 2,16

Consumer Goods
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Changes in the technology of transport vehicles engines affect energy
requirements per vehicle-mile for all modes. The number of passenger-miles
or ton-miles per vehicle-mile depends on load factor. Both types of changes
combine multiplicatively to determine the change in motor fuel inputs per
unit output.

In the non-transportation sectors, most motor fuel use is for trucking.
The relative efficiency factors for trucks determined by the Transportation
Resource Group were (.683%, .728, .799, .B37) for vehicle energy intensities,
and (.833, .938, 1.071, 1.250) for load factor changes, The net effects are
therefore (.569, .683, .834, .1046) for motive power used in non-transportation
sectors and in the trucking sector.

For bus transportation, we assume the same vehicle efficiency changes
as for trucks, and the following changes due to load factor improvements
{.50, .60, .75, 1.00).* The net change factors are therefore (.342, .437,
S84, B3T).

For rail transport, braking system improvements are assumed to yield
40% energy savings directly. No freight load factor changes are assumed
and passenger transit is ignored in all scenarios,

For air transport, the vehicle energy intensity factors are (.661, .694,
.728, .768) and the effects due to load factor are (.741, .820, .917,

1.042) for a total change of (.490, .569, .668, ,800).
For water transport, the same vehicle efficiency changes are assumed

@s for trucks and buses, and load factors remain unchanged,

*Friedland (1976) supplied information for extending the Transportation
Resource Group results to buses and barges, and for interpolating
between the TRC high and low scenarios,
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2.3 Industrial: Non-Energy Inputs

Changes in energy prices will be reflected through the energy intensities
of all inputs to production processes. The following changes were assumed
for each of the sectors under the four scenarios.

2.3.1 Food., Nonenergy inputs to the food processing industry accounted
for 31% of the energy cost of food in the base year. The largest items were
packaging materials (over 15%). For Scenario A the base year amounts of
all types of packaging inputs were reduced by 25% (paper, plastic, glass,
and cans*) and half of the plastic was replaced by paper. For Scenario D,
inputs of plastic increased 50% while all other packaging inputs were
increased 10%; this reflects an overall increase in food packaging under
conditions of lower energy prices. Other scenarios are characterized by
linear interpolation of nonenergy input coefficients.

2.3.2 Auto manufacturing. The largest nonenergy inputs to this sector

were, not surprisingly, in the form of steel and other manufactured goods.
In fact, nonenergy inputs account for 90% of the total energy cost of a
car. To reflect the fact that cars may be lighter (fiberglass and
aluminum substituted for steel) and smaller overall in Scenario A, the
following changes were made. At the expense of steel, inputs of chemical
products and nonferrous metals were doubled, while all other nonenergy
inputs were scaled down 20%. For Scenario D the base year mix was retained
but all inputs were scaled up 10% to reflect an increase in the average

weight of automobiles.

*Virtually all inputs of "intermediate goods'" are metal containers.
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2,3.3 Consumer goods. The output of this sector makes up the majority

of durable and nondurable goods consumed by individuals., It includes
clothing, furniture, appliances, etc. To assess possible changes in produc-
tion technology in this sector, the following exercise was performed.
Consider the average household and imagine a tabulation of all materials
purchased by the occupants during a year, The exact types of goods (e.g.,
picture frames, lamps, etc.) are not important. Imagine that all items were
disassembled and the parts sorted into five piles: paper (including packaging),
plastic and synthetic fabrics, metal, wood, and natural fibers (cotton and
wool). If energy prices change dramatically, the relative sizes of these
piles might also be expected to change because the producers of consumer
goods would have substituted among these materials in their production
processes. For example, a substantial rise in energy prices would result

in more wood and less metal, since metal is much more energy intensive and
would become more expensive and less competitive with wood. Similarly,

wool suits might become less expensive than polyester and capture a larger
share of the market. Moreover, the amount of packaging may be reduced as
salespersons, not energy-intensive plastic bubble-paks, do more of the
selling.

The factors by which base year input coefficients were multiplied for
each of the scenarios are summarized below. They reflect the following
assumptions on changes from the base-year mix of inputs.

Scenario A: Inputs of paper, plastics and chemical products, and

metals were reduced 20%, while agricultural inputs
{cotton and wood) were increased 20%
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Scenario B,C: Linear interpolation between A and D (i.e., the
percentage input reductiens were plotted against
price for the A and D scenarios. The B and C
scenarios were assumed to lie on a stratight line
between A and D).

Scenario D: Inputs of paper, plastics, chemical products and
paper were increased 10% while agricultural inputs
were decreased 10%.

2.3.4 Intermediate goods. This sector includes mostly goods purchased

by industries rather than consumers. But since some of those goods end up in
consumer goods, a few adjustments are in order here. Inputs of wood and cotton
(agricultural products) were doubled for Scenario A over the base year value

to reflect substitution of less energy-intensive inputs to production of
clothing and furniture. These would probably substitute directly for

plastics, but plastics in turn would substitute for heavier metals in some
energy-consuming machinery. Therefore, agricultural inputs were increased

at the expense of primary metal inputs, For Scenario D, agricultural inputs
were reduced 50% and metals were increased on a dollar-for-dollar basis.

2.3.5 Transportation. For the rail, air, bus and truck transportation

sectors we make the assumption that all nonenergy inputs are proportional to
vehicle-miles travelled, rather than passenger-miles or ton-miles. Therefore

all inputs are scaled by the load factor effects given in Section 2.2.

3.0 PROJECTED EMERGY INTENSITIES

The technological changes discussed in Section 2 are multiplicative
factors which must be applied to the 1967 A matrix., These factors are
represented by the matrix Fh' Since there are four scenarios, representing
four different sets of technological changes, there are four FA matrices

F F

AD}. (See Appendix A.)

(th’ FAB' AC’
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To produce a new A matrix {ﬁFA‘AFB’ﬁFﬂ'AED] which reflects a particular
set of technological changes, the aij element of the 1967 A matrix is

multiplied by the fﬁij element of the multiplicative factor matrix.

a = f . B
fxij axij ij
(The results of these multiplications are in Appendix B.)

Once this set of new A matrices {AFE’AFB’ﬁFE'ﬂFD] has been found
equation 1-2 is applied to them one at a time. The result is a set of four
energy intensity vectors for the year 2010 (Table 4). The energy intensities
for the period from 1967 to 2010 were interpolated .from the 1967 energy
intensities and the projected 2010 energy intensities. We are currently
proposing to the U.S. Energy Information Administration to enable us to
calculate the detailed 1972 energy intensities. Energy intensities under the
four scenarios are given for five year intervals in Table 5. The intensities
for sectors 1-20 are in units of B.T.U. per B.T.U. The intensities for
sactors 20-40 are in units of millien B.T.U.'s per 18967 dollar.

The energy intensity for personal consumption expenditures was found
by first taking a vector of the projected personal consumption expenditures
in the year 2010 under each scenario and with a 1967 PCE vector extrapolating
with respect to time to obtain PCE vectors for the irtervening years.
For each of these vectors, the appropriate year's energy intensities
were applied. The results of these multiplications were then added to
get a total for the energy consumed due to PCE for a particular year. This

calculation may be expressed as follows:

Eror

40
= ¥ ‘g, PCE,
i=1

Y Y Y

where €. is the energy intensity for the 3 sector in the year Y,
b |
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Note, for the preceding calculation the energy sectors (1-20) of PCE are
specified in Btu's. At this point appropriate price factors had to be
applied to the sectors of PCE so as to get them in units of dollars.

The PCE vector was then summed to produce F‘EET to get the energy

UTY
intensity of PCE, ETGT% is divided by PIZIE,D:]T'Ir
& Y
PCET PCETUTY

As mentioned earlier, this set of calculations was performed for each year

under each scenario.
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Energy Intensities for 2010 Under Scenario A

Table 4a.

lﬁﬁKETU $67 for sectors 21-40.)

ETU/ETU for sectors 1-20.

(Units:

Energy Intensity
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Energy Intensities for 2010 Under Scenario B

Table 4b

10°/BTU $67 for sectors 21-40)

ETU/BTU for sectors 1-20.

(Units:

Energy Intensity
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Energy Intensities for 2010 Under Scenario C

Table 4c.

b
10 /BTU 867 for sectors 21-40)

BTU/BTU for sectors 1-20.
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Energy Intensities for 2010 Under Scenario D

Table 4d.

IuﬁfﬂTﬂ §67 for sectors 21-40)

BTU/BTU for sectors 1-20.

(Units:

Energy Intensity
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10% 51U %67 for sector 21-40.)
1985
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Projected Energy Intensities in Five Year Intervals under Scenario A.
BTU/BTU for sectors 1-20.

(Units:

Table 5a.
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Projected Energy Intensities in Five Year Intervals under Scenario B.

(Units: BTU/BTU for sectors 1-20. lﬂ%fBTU $67 for sector 21-40.)
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Projected Energy Intensities in Five Year Intervals under Scenario C.
BTU/BTU for sectorsl-20.
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Projected Energy Intensities in Five Year Intervals under Scenario D.

Table 5d.
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4,0 PROJECTED LABOR INTENSITIES

Future labor intensities were derived in a different manner than the
energy intensities, mainly because of a lack of a set of 2010 projected
direct labor intensities and because the 2010 projected I/0 matrix was
aggrepated especially for the derivation of energy demand,

To project the required 40 sector labor intensities we first
aggregated the Illinois I/0 model laber intensities sector (1963, 1970)
to 40 sectors. We also reduced the BLS projected 1980 and 1985 labor
intensities to 40 sectors (BLS 1975).

These intensities were plotted in Figures 3a through 3z using the
symbol "X'. The intensities were in most cases fit with a monotonically
declining curve representing diminishing returns to labor brought on by
rising energy prices. A second constraint was that the curve be essentially
flat by the vear 2010. We felt that this approach, though somewhat arbitrary
was no more arbitrary than projecting elasticities of demand over the next
20 years. We feel that the effects of improved technology in labor use will
be approximately equalled by the tendency to use more labor in industry and
commerce due to rising relative energy prices. We feel this procedure
approximates enerpgy price scenario B, a doubling of the 1974 energy prices
by 2010. Certainly this empirical approach is warranted by the constraint
of the contract size.

The various curves in Figures 3a through 3z give the data for every

five years shown in Table 6, which is necessary for the example application.
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a. Projected Labor Intensities for the 40 Sector Economy, 1980 - 2010.
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{Vvalue at 2010 celculated from data in Figures 3a through 3z
and Table 7. See text.)
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Table 6§, Prejected Labor Intensities for 40 Sector Economy 1980-2010
(Corresponding approximately to Scenario E)

Labor In.ensity: Jobs per li}dl 1967 Producers' Dollar

Sector 1970 1975 198G 1985 1990 1995 2000 2003 2010
1 733 0,690 672 .612 0.605 0.55%0 4.53¢ 0,590 0.590
2 387 0.375 399 L350 0,365 0.365 0,365 0.365 0.36%
L .414 0.330 .382 .336 0.360  0.360 0.360 0.360 0.360
7 413 0.3460 313 273 .250 .225 L2180 210 210
9 LA01 0,398 L3194 .3%0 0.,3%0 0.3%0 0.390 0,390 0.390

21 1.15% 1.000 +B%6 748  0.700 0.65 0,617 0.583% 0,583
22 550 0.433 420 L3587 0,300 0.202 0,292 0.292 Q.29
2% 865 0.847 788 .72l 0.667 0.633 0.617 0.617 0.617
24 .865 0.733 540 .568 0,500 0.500 0.500 0.500 0.500
25 L9 0,700 613 L5948 0,500 0.467 0,442 0,442 0.442
26 597  0.500 .445 LE82 0,333 0.467 0.450  0.467 0,467
27 753 0,667 . 600 .529 0,467 0.417 0,383 0,367 0.367
28 V780 0.700 .636 565 0.533 0.5%00 0,483 0,467  0.467
29 510 0.492 502 435 0,492  0.492  0.492 0,492  0(.492
30 ,536 0.457 381 325 0.292 0.292 0.292 0.292 0.29%
31 799 0,700  .5%4 308  0.450 0.408 0.408 0.408 (.408
32 272 0,333 510 428 0.575 0.650 £.717  0.758 0.758
33 976 0,947 (BBS .74 0.632 0,684 0.539 0,539 0.539
34 905 0,816 750 .671 0.605 0,553 (¢.513 0,513 (0.513
35 649 0,539 436 392 0,382 0,368 0.368 0,368 0,368
36 .63 0,579 444 365  0.355  0.3290 0.329 0.329 0.329
37 802 0.737 634 260 0,526 0,403 0.480 0,480 ©.480
38 898 0,829 « 754 680 0.625 0.586 0.553 0.833 0.533
39 677 0,836 492 .431  0.421 0.395 0.395 0.395  0.395
40 JO75 0,829 L 286 0.53% 0,500 0,474 0.461 0.46l

Avg. PCE 993 0,813 719 625 0.%3 0.516 0,500 0,500 0.500




Table 7. Projected Personal Consumption Expenditures
and Labor Intensities - 2010

Projected PCE Projected Labor Intensity
(10'? 18075 (Jobs/10” 1967 §)

0.0 0.590
0.0 0.365
0.0 -

0.0 -

0.0 -

0.02300 0.360
0, BL3I00 0.210
Q.0 -

0.04900 . 380
0.09501 0.583
0. 00015 0.292
0.0 0.617
0.94169 0.500
0.12391 D.442
0.22059 0.467
0.00980 0. 367
0. 00755 0.467
a.00011 0.492
0.00045 0.292
0. 34465 0. 408
0.04827 0.758
0.05839 0.53%
0.06422 0.513
0¢.01098 0.368
¢.07286 0.329
2.21203 0.480
4.88365 0.533
0.42947 0.395
0.87876 0.461
Averagre FCE 0.49%
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In Figure 3z we have plotted the average labor intensity of
personal consumption expenditures (PCE}.  We used data from the Illinois
model, the BLS model, and the 2010 values from Figures 3a through 3y.
These later data were combined with the PCE sector derived in the CﬁNAES
study (Scenario B) and are shown in Table 7. The data from Figure 3z

is also included in Table 6.

5.0 APPLICATION OF THE ENERGY AND LABOR INTENSITIES

To illustrate the application of thegce data we use the information
generated by Hirst [1977] on his simulations of residential energy use,

In his simulations, the direct quantity of energy used by fuel type, the
dollar cost of this energy, the dollar cost appliance purchases and the
dollar cost of home improvement construction for thermal improvements are
caleulated for the years 1970-2000, for the U.5. economy, with and without
the Hational Energy Plans,

He have used this information to calculate the net total primary energy
savings (mine mouth, well head, etc.), for every 5 years from 1575 to 2000.
Our basic assumptien i5 that the Gross Mational Product is not changed by
the enexrgy savings programs, The calculations for the direct energy saved
include the indirect energy needed to supply that direct energy. Hirst's
dats included an estimate of the indirect energy cost of electricity and
therefore we had to correct for the changing differences in total energy
efficiency of electricity production,

We also calculated the total primary energy associated with the more
expensive purchase of appliances (sector 40), To illustrate the need

to account for the energy used to actuzlly get these appliances from




the producer to the consumer, we removed 30 percent of the appliance
purchase dollars te the trade sector (sector 37). [Bullard, Penner, Pilati,
1976] The energy cost of the construction improvements was ‘obtained by
meltiplying that cost by the direct and indirect energy intensity of the
construction secror (Table 5, sector 24). The difference between the annual
dollars saved by reduced energy use and the annual dollars épant on increased
thermal improvements and more efficient sppliances is assumed to be spent
op average personal consumption. Only in 1980 were the energy savings
dollars exceeded by the annual investment costs. In this year, the difference
was assumed to come from average personal consumption and consequently
represents a further reduction in energy use, The energy intensity of average
personal consumption is given in the last line in Table 5.

A set of sectoral price deflators were needed to correct for the
difference in the base year for the Hirst data (1975} and the data of
Table 5 (1967). A list of these deflators is given in Table &,

As suggested by Eric Hirst, we chose Scenario B which represents
a two fold increase in real energy prices between 1975 and 2010, The
results are given in Tabla 2a through 9e, with the net energy effect

sumparized in Table 9F,

The determination of the labor impact of the Hirst-NEP program is very
similar to that used for the energy impact. The labor impact calculations
are given in Tables 10a through i0e and summarized in 10f. The first
step is to determine the net dollars saved by reduced energy purchases
and to convert these results to 1967 dollars with the deftators given
in Table 8. These results are then multiplied by the projected labor

intensities given in Table 6, to determine the jobs lost (directly and

6l




Table 3. Dollar Deflators nwwmmu for Energy Intensities of Table 4.

40-0rder Sectors

6 0.435
7 0.565
9 0.637
21 0,614
22 0.67¢
25 0.531
24 0.545
25 0.612
26 0.543
27 0.610
28 0.586
29 0.503
i ¢.571
k] | 0.630
32 0.635
33 0.587
34 0.607
35 0.802
316 0,930
37 0.616
18 0.543
39 0,675
40 0,723
Averaga PCE D.659

Source: Bureau of Labor Statistics.
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1980:

{Calculations for 1975 give negligible net cnergy savings)’

CATEGORY {Code)

Direct Fuel Use (Quads)
Elcctricity (9)
Natural Gas (7)
0il (6)

Other (16)

Expenditures for:
(Billien 1875 %)

sew Cquipment (40}
New Equipment Margin (37}

ConstTuction fer
Thermal Improvements (23)

Het Dollars Spent for Fuel
Less Total Enerpy Saving
Expenditures, Spent on
Average Personal Consumption

Net Energy Savings

R I———,—mmm

Table 9a. The Total Energy Effect of the Natienal Ener
Energy Price Scenario B

{+ means erergy savings)

Hithout With

Gov't. - Gov't. =

Program Program Net
9.26 .84 0.42
5.64 5.10 0.54
2.16 1.94 .22
0.67 0.66 0.01
17.43 18.41 -0.58 x .

-0.98 x .

0.66 4,15 -3.49
43.83 46.97 -2.61

x

gy Plan on Residential Energy tUse,

: Bet
Energy . x m  Primary
Intensity Defl. Energy
3.563/3.370 +D.44
l1.116 +0, 80
1.218 +0.27
1.739 +Q.02
+1.33
L044 .723 ~-0.02
031 6l -0.01
052 531 -0.10
076 0.659 +0.13
=0.04

+1.33 quads



o
-

Table Sb.

CATEGORY (Code)

Direct Fuel Use [Quads)

Electricity (3)
Katural Gas (7)
0i! (6]

Other (16€)

xpenditures for;
(Billion 1975 §)

bNew Equipment [40)
New Equipment Margin (37}

Construction for
Themal Improvements (25)

Het Dollars Spent for Fuel
Less Total Enerpy Saving
Expenditures, Spent on

Average Personal Consumption

Net Encrgy Savinpgs

The Total Energy Effect of the Natlonal Energy Plan on Residentlal Energy Use,

1985: Energy Price Scenario B (+ means energy savings]
Without Hith Net
Cov't. Gov't, x  Energy Primary
Program Program Net Intensity Defl. LNELEy
11.27 10.29 0.58 %.481/3.370 +1.01
5.73 4,68 1.05 1.122 +1,18
2.14 1.71 .43 1,224 +0.53
0.58 0.58 0.04 1. 746 0.04
42,72
18.34% 19._88 =1.05 x .7 043 723 - 0.02
=1.05 x .3} L300 616 - .01
0.35 a.77 0. 42 051 531 - 0.01
59.69 54,93 +3.29 .071 .659 =0.15
=0.19
+2.53 quads
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Table D¢, The Total Energy Effect of the National Energy Plan on Residential
Energy Use, 1990:

CATEGORY (Code)

Direct Tuel Use (Quads)
Electricity {9)
Katural Gas (7)
0il [&)

Other (156}

Expenditures for:
(Billion 1975 §)

Kew Equipment (40)
_New Equipment Margin (37)

Construccion for
Thenwal Improvements (23)

Ret Dollars Spent for Fuel
Less Total Energy Saving
Expenditures. Spent on
Avarage Personal Consumption

Net Enerpy Savings

Fuel Price Scenario B (+ means energy savings)

Without With Nat
Govlt. « Gov't, = x  Energy X Primary
Program Program Net Intensity Dafl. Faergy
13.23 11.21 P 32 3.399/3.370 +1.33
5.70 4,52 1.1% 1.129 +1.33
2.17 1.71 . 46 1,231 +0.57
0.51 0,50 .01 1,754 +0,02
+3.25
20.06 21.37 -1.31 x .7 041 723 -0,03
-1.3l x .3 028 616 =0.01
0.46 n.a7 - .41 050 .531 ~0.01
T0.90 63.78 +5.40 . 066 LG50

+2.97 quads




Table 9d. The Total Emergy Effect of the National Energy Plan on Residential Energy
Use, 1995: Fuel Price Scenaric B {+ means energy savings)

Without With = Net
Gov't, = Gov't, = X Energy % w Primary
CATECORY (Code) Program Program Net Intensity Defl. Energy
Mrect Fuel Use {Quads)
Electricity (9} 15,04 13.20 1.84 3.317/3.370 :
Natural Cas (7} 5,56 4,30 1,26 1.135f :i:ii
0il {6e) 2,25 1.71 .54 1,237 +0.67
Other (16) 0.44 0.43 4.0 1,761 +0,02
g +3.93
Expenditures for:
{Billion 1975 §}
New Equipment (40) 21.14 22.80 -1.66 x .7 040 123 -0.05
New Equipment Margin (37) -1.66 x .3 027 616 -~
Construction for
Therwal Improvements {23) 0,54 D.54 - .40 .0S3 531 -0.01
Kot Dollars Spent for Fuel
Less Total Enmergy Saving
Expenditures, Spent on
Average Personal Consumption 81,54 71.43 +8.05 061 . 659 -, 52
.39
Het Energy Savings +3,54 quads
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Table ow,
Use,

CATEGORY ([Code}

Direct Fuel Use ({uads)
Electricity (9)
Natural Gas (V)
0il (6)

Other (16)

Expenditures for:
{Billion 1975 §)

New Equipment {44)
New Cquipment Margin (37)

Construction for
Therrwal Improvements (23)

NHet Dollars Spent for Fuel
Less Total Energy Saving
Expenditures, Spent om
Average Personal Consumption

Net Energy Saviags

Withoot
GCov't.
Frogram

f= B e

22.

92.

.B5
.3
.37
38

B2

The Total Energy Effect of
2000

the National Enerpy Plan on Residential Enerpy

Fuel Price Scenarie B (+ means energy savings)

With
Govit, = x  Energy
Program Net Intensity Defl.
14.23 2.42 3.234/3.370
4,10 1,24 1.142
1.72 0.65 1.244
0.36 .0z 1.768
24.01 -1.87 x .7 039 .. 723
-1.87 x .3 026 615
1.00 «0.38 047 531
79.01  +ll.22 057 .659

Nat
Primary
Encrgz

+2,32
+1,42
+0.51
+, 04
+4 .55

-(.04

=0,01

~0.01

-0.42
-0.48

+4.11 quads




Table 9f. Summary of the Net Energy 5¢ rings Due to the
Effect of the Matiocnal Energy Plan on Residential

Energy Use.
PERIOD NET ENERGY SAVINGS, QUADS
1970-1975 0
1980 1.3
1985 P 2.5
1990 3.0
1995 3.5
2000 4.1

&8




Table 102, The Total Job Effect of the National Energy Plan on Residential Energy Use,
1280 {+ means job increaze), {Negligible Impact in 1975.}

Without With ' Net
, Gov't. - Goy't. = X Labor X = Labor Tmpact
CATEGORY (Code) Program Program Net Intensity Dafl, {Jobs)
Direct Fuel Use (Billions 1975%)
| Electricity (¥ 27.88 26,62 1.26 .394 637 - 31,500
Hatural Gas [7) 12.27 12.00 0.27 315 . 565 - 4,800
Oil {6) - 6, B4 6.47 0.37 382 435 = 5,100
[ Other (6] 1.83 1.88 - 382 4355 -
. - » 200
=
o Expenditures for:
[Billion 1575 B}
New Equipment (40) 17.43 18.41 0.98 x .7 604 23 + %4,400
New Equipment Margin {37) -0.98 x .3 634 616 + 11,500
Construction for
Thermal Improvements {23) 0, 56 4,15 =3.49 .7BB 531 +146, 000
Het Dollars Spent for Fuel
Less Total Energy Saving
Expendituras, Spent on )
Average Personal Consumption 48,33 46,97 - ~2.61 719 -659 -123,700

Het Labor Impact {jobs) : - 25,700 job ineresss
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Table 10k, The Total Job Effect of the Netional Energy Plan on Rezidentinl Enapgy Uss,
1985 (+ m#ans job inerease),

Without With Net
Gav't. =« Gov't, = x Labor ~ X w Labor Impact
CATEGORY {Code) Program Program Net Intensity Defl. (Jobs)
Divect Fuel Use (Billions 1375 §)
Electricity (9) 35.63 32.54 3.09 . 390 637 - 76,800
Natural Gas (7} 14,91 14,02 0.89 273 .B65 - 13,700
ail (&) 7.30 6.53 0.86 336 A35 - 12,600
Other {8) 1.76 1.84 0.08 336 .435 + 1,200
- =101 ,900
Expenditures for:
(Billion 1975 §)
New Equipment (40) 18,83 12.68 -1.05 x .7 ,586 123 + 31,100
New Equipment Margin (37) -1.05 x .3 .560 616 + 10,900
Construction for
Thermal Improvements {23} 0.35 0.77 =0.42 T 531 + 16,100
Net Dollars Spent for Fuel
Less Tetal Energy Saving
Expenditures, Spent on
Average Personal Consumption 59.69 54,93 +3.29 625 659 +135,500
Net Labor Impact + 91,700
Job Intrease




Table 10c. The Tetal Jeb Effect of the Nationel Enexgy Plan on Residential Energy Use.

1950 ({+ means job increase),

Without With Net
Gov't, - Gov't, x Lakor x = Labor Tnpact
CATEGORY (Code)} Program Program Nat Intansity Defl, {Jobz) -

Direct Fusl Use (Billions 1975 §)
Electricity (9 43.85 39,49 4,36 . 39 637 «108 300
Natural Gas (7] 17,364 15.87 1.49 25 . 305 = 21,000
cil (&) 8.03 6.72 1.31 . 36 +435 = 20,500
other {6) 1.66 1.71 A5 . 36 435 * 800

Expenditures for:

- {Billion 1975 $)
=
[

New Equipment (40) 20.06 21.57 =1.31 x .7 .539 723 + 15,700
New Equipment Margin (37) *1.31 .x .3 526 616 + 12,700
Construction for
Therpal Improvements {23) 0.46 0.87 -.4] .667 .531 + 14,500
Met Dollars Spent for Fuel
L=ss Total Energy Saving
Expenditures, Spent on
Average Personal Consumption 76,90 63,78 +5, 40 563 559 +200, 300

Het Labor Impact +114 200

Job Increase
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Table 10d. The Total Job Effect of the Mational Energy Plan on Realdential Energy Use.
1985, (* Means Job Increase),

Without With Nat
Gov't, - Gev't, = X Labor B = Labor Impact
CATEGORY (Code) Program Program Nat Intensity Defl. {Jobs)
Direct Fuel Use (Billions 1975 §)
Elesctricity (9) 51.74 45,42 6,52 + 390 537 =157,000
Natural Gas (7) 19.36 17.40 1.96 425 565 = 25,000
Qi1 (&) 4.90 7.06 1.84 « SG0 +435 ~ 28,800
Other (6) 1.54 1.55 - - - -
=215
Expenditures for!
(Billian 1978 §)
New Equipment (44) 21.14 22.80 =166 » .7 500 723 « 42, 000
New Equipment Margin (37) «1.66 x .3 403 616 * 15,100
Construstion for
Thermal Improvemants (2X) 0.54 0.594 - 40 5633 331 + 15,500
Net Dotlars Spent for Fusl
Lezs Total Energy Saving
Expenditures, Spent on
Average Personal Consumption Bl1.54 71.43 +£,05 516 659 273,700
Net Labor lupact : +133,500

Job Incratsu
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Table 10e. The Total Job Effect of the NHational Energy Plan on Rosidential Energy Use,
(+ Means Job Increase),

2000,

CATEGORY (Code}

Direcr Fuel Use (Billions 1975 §)
Electricity (9
Katural Gas [7)
0il (6)
Other (6]

Expenditures for:
(Billion 1975 §)

MNew Equipment {40}
New Equipment Margin (37)

Construction for
Thermal Improvements {23}

Net Dollars Spent for Fuel
Less Total Energy Saving
Expenditures, Spent on
Average Perscnal Consumption

New Laboer Impact

¥itheut With Net
Gov't, Govit, Labor Labor Impact
Program Progran Net Intensity Defl. _(Jobs)
60,09 51.46 E.53 -390 537 = 214,400
21.03 18.70 2.33 210 .365 - 27,600
9.95% 7.45 2.50 - 360 +435 = 39,200
1.41 1.40 - - - -
- 281,200
22,14 24,01 -1.87 x 7 474 723 + 44,900
-1.87 x 3 480 616 + 16,600
0.62 1.00 =0, 38 617 231 + 12,500
$2.48 79.01 +11.22 0.500 659 + 363,700
+ 162,500

Job Increase




Table 10f. Summary of the Total Labor Impact of the -
Mational Energy Plan on Residential .
Energy Use, ({+ Means increase)

Period Net Labor Impact, Jobs
1970-75 ¢

1950 + 25,700

1985 : + 91,700

1990 + 114,200 -

1995 + 133,500

2000 + 162,500




indirectly) due to reduced energy purchases. A similar procedure is used
to determine the new jobs created by new energy saving equipment purchases
and by thermal improvement comstruction. The dollars saved from reduced
energy purchases do not equal the dollars spent on energy saving equipment
and construction. We asswme that this dollar difference will either

come from or be spent on average personal consumption, To determine the
labor impact of spending of the dollar difference we first convert the
saving or expenditure from its 1975 dcllar base back to the 1967 dollar
base using a deflator appropriate to the origin of the dollars. We multiply
the net dellar value by the labor intensity for average personal consump-
tion (bottaom line, Table 6 and Fipure B). This calculation yvields the job
demand of the net dollar savings. Of the years which we examined, only in
1930 did the purchazse of energy saving equipment snd thermal improvement
constTuction exceed the dollar savings from reduced energy consumption. In
this year, overall dellar balance was achieved by reducing average persomal
consumption by that amount. Thus the 1980 spending pattern prnduce; a
reduction in employment {(and energy use) from the net respending effece.

In all other years studied, dollars were saved and resulted in increased
average personal consumption and therefere increased employment (and

energy use}. The total labor impact of the program, however, was always

positive as can ﬂe seen in Table 10f,
An examination of the wage structure (BLS Handbook 1974) indicates
that during the peak of the construction period, the average U.5. wage
would probably rise since comstruction workers are the hiphest waged of
all workers. Since energy production laber is the next most highly waged

labor, the average U.5. wage would probably decline after the construction

75




period. This would probably cccur since average waged workers displace the
mﬁch higher waged energy production workers. During the construction
period, the location of the work sites are probably more dispersed when
compared with 1975 job site dispersion. We camnot say what happens to job
site density after the construction peried.
One of the principle criticisms of the analysis used in this report

is that it is based on average energy and job intensities when in cases of
actual substitution of construction and respending for emergy purchases we
should use marginal energy and laber intensities, This ¢riticism although
not very justified in energy analysis primarily because enérgr is more
nearly a true flow variable, is quite deserved in labor impact analysis,
especizlly in analyzing short term effects. For ¢xample, when energy
purchases are reduced, dozs total energy production and laboer use reduce
proporticnately? To the extent that energy producers can find alternative
users of their praducts,_nverall energy use will not be teduced, This is true
.bacause the residential porticn of the NEP is mandated and is not caused

by a general reaction to higher energy prices. Since the residences which
are reacting to the NEP are not completely eliminating feossil energy uss
their demand for meter readexs, billing clerks, office management personnel,
etc., will not change. The same number of thess occupations per 100,000
homes will still be required, The occupations which are negatively impacted
are power plant, refinery and gas pumping station personnel, for example,
RBut our lahor intensities include all of the above occupations., However, in
the long run, in order to avoid unnecessary price increases due to an
increase of overhead costs, energy producers will be yequired to reduce

the number of personnel to its historic relationskip with production or
increase energy sales. Then the average and marginal labor intensities

become (or remain) equal.
16




Another possible criticism of the procedure used ia calculating
actual labor impacts in this cxample is known as the aggregation problenm,
For example, the 1770 labor intensities for Sector 37 and 40 are 0.802
gnd 0,973 jobs per 10* producers dallars, respectively. These numbers
were used as the labor intensity of the Trade and Appliance labor inten-
sities, respectively, in Tables 10, But in a more detailed model
(Amado, 1976} the retail trade and refrigerater labor intencities aTe
(for 1967) 0.993 and }.662, respectively, or in reverse order of magnitude.
This probhlem arises from the fact that Sector 40 not only contains appliance
manufacturing but also the very labor intensive activities of clothing,
furnituere and shoe manufacturing. This is a classic problem with aggregation
in the 1/0 model and can be remedied only in the obvious (and expensive) way.
Not only is it possible that the energy producers could find alternate
users of these products and thus €rustrate the intent of the NEP residential
plan but the consumer might frustrate it as well. It is possible that the
consumer will heat or conl residential space which was formerly unheated or
uncoaled due to the size of his annual energy bill. It is possible that
the consumer will expand his residence size with the dollars saved on
energy reduction and therefore continue his encrgy use unabated. It is
even possible that the energy producer will encourage such space expshsien
to maintain their volume of sales. These pernicious effects derive from
the condition that the NEP residential program is to a larpge extent mandated
and iz not beinpg entirely produced by a general enargy price increase. It
is our opinien that mandated programs are of averall energy conservation
value only if they are appendages to a program of sharply rising primary
energy prices. If the energy price rise were due to an energy tax, the
revenues would likely be applied to home improvements which are in agreement

with the goals of the present residential portion of the Matienal Energy Plan.
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We note that in the NEP program, the jobs created as a ratio with
the quads of energy saved is about 37-40,000 from 1985 to 2000. This is
comparable to Hamnon's (1977) estimate (after construction) of 17,000
jobsfquad and with a detailed analysis of a ceiling insulation program
which yielded a ratio of 80,000 jobs/quad (Ford, 1978).

Naote that in the year 2000 for example, marginal emerpy prices would
have to be {-} %2.70 (1975) per million Btu (weighted to currespﬁnd to
the types of energy being saved) before the residential NEP would not have
been worthwhile. In 1990 parginal energy prices will have to be

(-) $1.29 (1975) per million Btu to frustrate the program. In contrast

the marginal energy price must be [+) $2.00 (1575) in 1980 to make the
program econcmically feasible. Clearly there is an initial hurdle to
clear before the program can be accepted (unless the 1380 Expécted
marginal enargy price is greater tien or. equal to $2.040 per milliion Biu).
Gbviously, the present value of all those long term future dollars
savings pust be greater than the present value of the short term zdded

consumer costs before we should proceed.
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AFFENDIX A
Matrix FAA: Multiplicative Factors Matrix Under Scenarioc A
Matrix FAB: Multiplicative Factors Matrix Under Scenario B

Matrix FAE: Multiplicative Factors Matrix Under Scenarioc C

Matrix FAD: Multiplicative Factors Matrix Under Scenario D
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(A
L.CCLT
g.oc0
L.CCLC
C.ac4n
C.0CSsY
L0000
C.oole
0.CC14
L.l
C.La2C
£.1430
C.aCéY
£.oCh

ab
C.cang
C.caha
C.01%4

LR
(L E T
c.n1az
C.0ukn
C.o004
0.0713¢
C.0t2¢t
c.1
C.o034
C.Logh
LuC2Zyt
C.G60CL
C.pode2
C.c2r®
C.21535
C.ocas
C.Ctel
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C.QCEER
oc.ocog
0.0L2%
c.C2{%
D.0G22
0.0Ls0
L.CCL2
L.CICE
o.ccor
£.CLLC
C.CLEs
o.con
o A
C.oC?&
g.ccen
0.0CCC
C.Gr2
C.157)
C.CCco
0.c{r?
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C.CL0Y
0.ocee
C.DL3X
C.0C5E
G.0123
C.0CE2
C.CLaY
C.CEL
c.oco2
C.OCCK
£.012&
c.occs
(I HARE
C.CL&T
C.0C0s
C.0to
C.RLCe
C.1e28
£.0CCH
£.0Ca2
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C.01C2
c.oce
C.03H
[.0v22
C.CaaE
.oty
[.GCLe
£.0C1
C.0gcC3
C.00C2
(.0245%
C.Oo4
f.0041
f.0C49
0.0CLS
G.01149
C.0259
f.0cCo
C.G048
C.Q0%Y
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C.ofce
f.oeec
£.0ca
f.ocrt
£.0014
L.0ik
C.C114
C.OC!:
C-10C¢
C.D1k
£.2101
£.e1i1
[
C.OC%?Y
f.0(e!
c.oc11
L.CZ%1
C.OE1S
£.clcc
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0.0l
L-TLC?
.o
L.olils
C.Gais
C.Oec?
C.CCY?
GO0t
C.0u42
c.0re%
G.dbr7
C.oCke2
C.rect
C.{Ccq
C.CGC2
C-DCC2
L L B -
C.OMc¥
c.ccmn

F.0LCL -




