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EMFE 8
INDUSTRIAL ENERGY DEHMAND, CONSERVATION, AND INTERFUEL SUBSTITUTION
EXECUTIVE SUMMARY

This report documents the results of a project on future trends in
U.S. industrial energy demand. Central in the work of the EMF 8 working
group was the use of a group of public models of industrial energy demand
to project fuel demands for a base case. 1In addition, a variety of
alternative scenarios were examined to investigate the possible effects of
the key uncertainties affecting industrial energy demand. Complementing
this investigation were analyses of the data upon which the models are
besed ana comparisons of industry practice with the models' operation anc
projections. Through this process, insights were gained about the
strengths and limitations of the specific modeling efforts included in the
study and, perhaps more importantly, about the likely level and composition

of industrial energy demand in the years ahead.

Ingustrial energy demand is affected by a large number of factors,
most of which are not controllable by any one individual or group. Energ)
prices have been erratic since the 1973-1974 Arab oil embargo. The economy
has been marred by several recessions in recent years. Consumer tastes for
industry's output are constantly changing and foreign competition provides
challenges in world markets once dominated by American products.
Technological innovations in the production of all types of commodities
constantly appear. OPEC production policies are the major determinant of
crude oil prices, but changes in U.S. industrial demand strongly influence
the complicated and iengthy adjustment of oil product, gas and electricity
prices to major changes in crude prices. Moreover. these demand

adjustments ultimately feed back to OPEC production and pricing policies.

An examination of industrial energy demand is important because nearly
40 percent of total energy consumption in the United States takes place in
the industrial sector. Many studies of industrial energy consumption have
focused exclusively on purchasea energy used for heat and power in
manufacturing. However, these uses account for less than half of total
industrial use: the balance is used as materials and feedstocks (about
30%), in the agricultural, construction, and mining industries (about 15%),

and as self-generated refinery fuels (about 10%).



Each tnergy Modeling Forum study focuses on & set of policy ana
analysis issues. A study of these issues enables the working group to
assess the capabilities of the models included in the study in relation to
one another and to real-world evidence. Three issue areas were
particularly prominent in the work of the EWMF & working group: sectoral
shift, technology trends, and fuel choice. Before discussing results in
these issue areas, however, we note several general trends that emerge from

the application of the models to the study scenarios:

¢ The models project that energy use per unit of industrial output

will continue to decline through 2010. This trend is apparent in the
results from all the models for all scenarios. Energy use per unit of
output is projected to decline by .5 to 1.5 percent per annum from
1285 to 2010. The explanations for this trend are a shift towards the
production of less energy-intensive goods, the further penetration of
new technologies that are more productive in the use of all inputs,
and & continuation of the gradual adjustment to the rapid energy price
increases of the past 15 years. The much lower energy prices that
emerged in 1986 may retard the last trend, but will not significantly

slow the other two.

e Despite this trend towards reduced energy consumption per unit
of output, growth in industrial output over the next two decades is
expected to result in a modest increase in total industrial energy
demand over that time period. Enrergy use for heat and power in
by industry is projected to grow by 1 to 2 percent per vear from 1985
to 2010, or by about 40 to 80 percent of the rate of growth of

industrial output.

¢ The rate of growth of industrial energy demand in the future
depends as much on the projected level of total industry output and
the projected mix of energy-intensive and non energy-intensive goods
produced as on projected energy prices. The adjustment in total
energy use per unit of output to changes in energy prices tends to
evolve over a long period of time. In addition, long-term trends
towards less energy intensive products and towards more efficient use
of all inputs in producing those products continue somewhat

independently of changes in energy prices, up or down.



e Dste and analvsis on the use of energy by the agriculture,
construction, and mining industries, and for feedstocks in the
manutacturing industries is very sketchy. This leads to great
uncertainty concerning future trends in the demands for fuels for
these purposes. Since a great deal of feedstock consumption occurs in
the chemicals industry where literally thousands of products are
produced, different assumptions about the growth rates of the demand
for these individual products can lead to dramatically different
projections of feedstock requirements. 1In the recent past the
depletion of 0il and gas reserves has led to more energy use per unit
of output for mining, and electricity use for irrigation in the
agricultural sector has grown dramatically. In the future, events in
the mining and minerals, agriculture and chemicals industries may

change these trends in one direction or the other.

In addition to these general trends in model results, conclusions were

drawn in each of the three specific issue areas.

SECTORAL SHIF1

e Compositional changes in economic output (sectoral shift) from more
energy-intensive to less energy-intensive industries have been
important contributors to reductions in energy use per dollar of
output in the post-embargo period. Alternative methods for measuring
the sectoral shift effect lead to somewhat different results regarding
its importance. However, application of the generally preferred
methods indicate that even at the Z2-digit level of industrial
classification this effect accounts for about one-third of the change
in the energy-output ratio and well over one-half of the change in the
electricity~output ratio since 1973. The more disaggregation, by
industry or product, the more the change in energy use is explained by

compositional changes.

e It is not known how much of this sectoral shift was caused by higher
energy prices or to what extent it will continue in the future.
--The Wharton sectoral output projections used in the EMF 8 study
design show & continuing sectoral shift trend towards less

energy-intensive industries that does notl appear to be very
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sensitive tc alternative energy prices, when GNF and interest
rates are hela constant. KResults from the Wharton model and &
recent EIA study both show industrial mix considerably more
sensitive to changes in GNP growth rate than to changes in oil

prices.

--This result regarding the effects of gradual increases in energy
price on the structure of the U.S. economy is consistent with the
strong correlation observed during the 1970s. During that decade
the effect of sudden increases in energy prices may well have had
significant indirect effects on the structure of the economy
through the rise in interest rates and accompanying siowdown in

capital accumulation that they initiated.

TECHNOLOGY TRENDS

e Electricity use by industry is projected to increase more rapidly than
its use of fossil fuels. However, the engineering process models
project a gradual decreagse in electricity use per unit of economic
output {(about -1% per vear), while the econometric models show &
gradual increase (about +1% per vear). The econometric models assume
that post-embargo trends in the dependency of electricity use on fuel
prices and output growth will continue into the future. The process
models explicitiy represent individual electricity-using technologies;
thus, they can account for saturation effects which could keep
electricity growth rates below historical levels, but they may not
represent all future electricity-consuming technologies or subtle

process/product shifts towards greater or liess electricity use.

e Further penetration of cogeneration in the industrial sector would
result in more electricity used than purchased by the industrial
sector. While such penetration depends on a host of regulatory,
institutional, and business strategy issues, scenarios involving
increased coceneration are possible. Thus, purchased electricity per
unit of industrial output will, in fact, be less than electricity
consumption in industrial processes. Similarly, if some cogenerated
electricity is sold to utilities, this extra source of electricity

could also augment central electric generation in the decades to come.
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FUEL

There appear to be important differences between models in the
projected decline in the energy-output ratio within major industrial
sectors (intrasectoral adjustmentsj. Changes in energy intensity
within each indusiry group can be further disaggregated into changes
in the mix of products produced, changes in the processes employed to
produce those products, and changes in the equipment and maintenance
procedures employed to implement those processes. 1n general,
equipment selection and maintenance procedures are more sensitive to

energy price changes than proauct mix and orocess selection.

The penetration of new technologies can be important for explaining
the decline in the energy-output ratio. Several individual
technologies can be identified as being important contributors to this
result: cogeneration has already been mentioned; in addition, the
introduction of new electricity-based technologies in the metals
industries and advanced process technologies in the paper and

chemicals industries appear to be important.

Computers (part of the durable goods industry) provide a vivid example
of new products which provide greater value relative to all costs of
production, including energy. The historical reduction in energy
intensity has been greatest precisely in those industries (durable

goods and chemicals) known for this type of innovation.

CHOICE

In the near term, the most intense interfuel competition is between
0il and gas.
--Most existing dual-fired capacity is oil-gas, with relatively low
associated capital costs. Currently, gas is in standard use.
--There is a potential for greatly increased oil use in the
industrial sector in the medium-to-longer term if relative oil
prices are low, although there are indications that many users may
not switch from gas to oil as rapidly as aggregate fuel price date

indicates.



e In the longer term, oil/gas compete with coal and electricity,
depending on the application. Several general trends in long-term
fuel shares emerge from the model results:

--All the models show & trend toward greater use of electricity
by industry due to electrification automation etc.

--There is a gradual shift away from natural gas due, in part, to
the high relative price of gas assumed in the Reference case, and
to the tendency of gas to compete well in industries that are
projected to grow less rapidly than the industry average, e.g.,
chemicals, steel and refining. In many industries emerging
electric technologies are projected to replace gas-fired
processes.

--The engineering process models show significant market penetration
for coal, which is sensitive to assumptions about cogeneration
economics and the evolution of clean coal-burning technologies.
The other models show slower growth in coal shares, limited by

economies of scale and a slow buildup of experience using coal.

e The models included in this EMF study cannot be used to study dramatic
jumps in energy prices without external information/analysis regarding
the effects of these shocks on the overall economy.

--The most important effects of energy price shocks may be their
impacts on savings rates, inflation, and economic output, which
are not explicitly represented in these models.

--Some of the models use 5-vear time periods which does not allow
for a detailed representation of the macrodynamics of energy

shocks.

DATA ISSUES

The Data Issues Group included experts on data availability and
guality from industry, government, and academia. The Group recommends that
serious consideration be given to collecting the following industrial
energv-related data.

e An annual establishment-level database on energy consumption and
expenditures for the manufacturing sector. This data should be
integrated into the Census Longitudinal Establishment Data file (LED).

as it was for 1972-1981, and be made aveilable to analysts under the
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Census LED-usage procedures. The tnergy Information Administrationr
(EIA) should be encouraged to expand the establishment-level
Manufacturing tnergy Consumption Survey (MECS) so that it has &
coverage level and periodicity similar to the data contained in the
discontinued Annual Survey of Manufactures "Fuels and Electric Energy
Consumed" survey. The sample should be broad enough te allow the dats
to be published at the 4-digit Standard Industrial Classification
(SIC) level by state and Standard Metropolitan Statistical Area (SMSA)

and at more aggregate levels.

The MECS should also be extended to include data on costs, operating
characteristics, and the utilization of other energy-related
technologies. This extension should be along the lines of the 1980
EIA combustor survey, modified to reflect the concerns that led to the

study's termination.

A study should be undertaken on the appropriate industrial
energy-related data to be collected by the public sector, with the
remaining data being collected by the private sector. At a minimum,
the public sector should provide benchmark data on inaustrial

production and energy consumption.

Private groups that collect micro-level data on manufacturing
production, energy consumption, etc. should be encouraged to provide

public-use sets of their information for specified research projects.

Public-use files of government micro data bases should be developed.

EIA and other agencies (e.g., the National Research Council, the
National Academy of Engineering) should develop two additional sets of
information.

--Develop & source book on the costs, operating characteristics, and
standards to evaluate new energy-related technologies likely to
have & significant effect upon energy use over the next 25-50
YEars.

--Develop or expand existing surveys of energy consumption and
technology data for the nonmanufacturing portion of the industriai

sector (agriculture, construction and mining).
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USERS PERSPECTIVE

The Energy Users Group included representatives of large industrial
energy consumers: Chemical, papeyr, steel, refiners and electric utilities.
Based upon a review of the results produced during the EMF 8 study and a
better understanding of the models' behavior, the Energy Users Group
concluded:

o The energv-consuming industry uses various models to gain insights

as part of corporate planning forecasts.

0o The specific models reviewed in EMF 8 cannot be used to make
management decisions on capital expenditures, conservation steps,

or fuel switching.

o The EMF 8 models can provide useful insights to be considered along

with labor, capital cost, and other factors.

o The differences noted in the results projected by the EMF 8 models
using the same input parameters indicate the vulunerability in using

any one model to project industrial energy demand.

o Energyv models are only as realistic as the underlying assumptions,

structure, and data.

¢ To be viable energy data must be collected on a consistent basis
over a number of vears, focus on consumption rather than method of
use, and the collection method must guarantee confidentiality.

¢ 1In contrast to the members of the Dastz lissues Group most members

of this group are opposed to sweeping data collection surveys by

multiple governmental agencies.

o Nearly all industrial users and industrial trade associations have
opposed the MECS survey and would certainly oppose any expansion of
that survey. rade association opposition has included the
chemical, iron and steel, paper, glass, textile, petroleum,
automotive and cement and rubber industries. The cost of

preparation, the proprietary nature of energv data and the lack of
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of fsetting benefits to the companies involved are the Kkey reasons

for industrial opposition.

The personal contacts established during the EMF & working sessions
among the modelers, model users, energy users, e€nergy producers,
and EMF staff should provide a network for the informal exchange of
information which should lead to improved results in future

modeling efforts.



INTRODUCTION

The demand for energy by U.S. industry piavs a critical role in
determining fuel prices in oil, gas, and electricity markets. OPEC oil
production policies are the single most important determinant of crude oil
prices. However, changes in world oil demand have been significant
unexpected sources of change in OPEC's capacity utilization, a major
determinant of its production and pricing policies. Moreover, changes in
fuel consumption patterns by U.S. industry drive the fluctuations in the
prices of other fuels that occur over their long adjustment to changes in
crude 0il prices. The 0il price collapse of 1986 has again lead to
dramatic changes in all fuel markets, making it even more important to
reexamine trends in industrial energy use.

Industrial energy demand projections are of great interest to &
variety of planners. Capital investment decisions are often based in part
on energy prices which in turn are affected by total energy demands.
Energyv suppliers choose production and pricing strategies by considering
customers' demands. Government energy policies depend on estimates of
future energy demands and the impacts that regulations will have on the
economy.

Although making accurate industrial energyv demand projections is
important, it is not easy. Industrial energy demand is affected by a large
number of factors, most of which are not controllable by any one individual
or group. Decisions on energy-related investments - like any other
corporate investment decisions -~ can depend as much on financing
considerations and the state of the economy as on expected energy prices.

However, the sheer magnitude of the industrial sector's energy consumption



Energv Consumption by End Use Sector - 1985

U.S.
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insures its central role in determining future fuel prices, even if energy
prices are not the most critical determinant of its energy use. In 19285
the industrial sector used approximately 20 quadrillion Btus of direct
fuel, electricity, and fossil fuel feedstock, nearly 40 percent of all
energy consumed in the United States (see Figure 1}). And this 40 percent
figure significantly understates the role of the industrial sector in U.S.
energy demand because a large part of the commercial sector provides
services to industry, and a significant share of the transportation sector
is devoted to the transportation of industrial supplies and products.

Both energy prices and economic growth have been erratic since the
1973-1974 Arab oil embargo. Fundamental innovations in the production of
all types of commodities appear literally overnight in this era of high
technology and increased international competitiveness. Foreign
competition provides challenges in world markets once dominated by American
products. These and other factors are important determinants of U.S.
industrial energy demand. Uncertainties in these areas make projecting
industrial energy demand a difficult challenge.

The EMF 8 project examined these issues and their implications for
industrial energy demand through a study of models of industrial demand
currently in use. These models represent the state of the art in aggregate
projections of future energy demand. The methodologies employed in these
models include econometrics, input-output analysis, and process analysis.
Projections derived from a standardized base case and a variety of
alternative scenarios were used to examine the possible effects of the key
uncertainties affecting industrial energy demand. Through this process,

insights were gained about the strengths and limitations of the specific
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modeling efforts included in the study and, perhaps more importantly, about
the likely level and composition of industrial energy demand in the years
ahead. A range of possibie energy/technology futures was examined by
dealing explicitly with the uncertainty about factors affecting future
industrial energy demand. Contingency planning is facilitated when these
uncertainties are recognized and allowance is made for them in making
investment decisions. Ultimately, this process can lead to a better
appreciation of the forces governing industrial energy demand and to better
energy policies.

In addition to the standardized model comparisons, this EMF working
group pursued three topics related to the use of analysis in the study of
industrial energy use trends: (1) the appropriate use of models by
corporations involved in producing or consuming energy; (2) the
availability and appropriate use of data on industrial energy use; and (3)
the impact of the changing structure of the U.S. economy on the use of

energy by U.S. industry.



QOVERVIEW OF U.S. INDUSTRIAL ENERGY USE

In 1985 U.S. industry purchased 9.6 cuadrillion Btus (aquads) of
fuels for heat and power in manufacturing out of a total of 20.4 quads of
industrial energy use; the difference being comprised of 2.8 quads of
energy use in agriculture, construction, and mining, 6.1 gquads in raw
materials and feedstocks, and about 1.9 quads of self-generated fuels used
in refineries. Figure 2 shows the breakdown of total industrial energy use
according to these basic functional use categories.

Most data collection and modeling efforts concerning energy use in the
industrial sector have focused on the analvsis of energy purchased for heat
and power in manufacturing. The manufacturing heat-~and-power sector tends
to dominate the use of gas and electricity in industry and it is here that
the competition amongst oil, gas, coal, and electricity is most intense; in
recent vears, however, oil consumption has been concentrated outside of
this sector. Table 1 shows the breakdown of fuel use in 1985 within each
of the four aggregate fuel use categories identified in Figure 2, EIA's

Annual Energy Review 1985 shows 6.6 quadrillion Btu of 0il use in industry

in 1985, of which only 1.0 was for purchased heat and power in
manufacturing and only 0.4 of that for residual o0il (i.e., boiler fuel and
the like). Thus, to project oil demand and oil market conditions, it is
especially important to focus on the demand for energy in the agriculture,
construction, and mining industries, as well as on the demand for chemical
feedstocks.

Primary data from the Census Bureau, the Department of Agriculture,
the Energy Information Administration, and the Bureau of Mines shows =

trend towards increasing use of energy per unit of output for agriculture,



Figure 2: Industrial Energy Use - 1985
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Table 1
Industrial Fuel Demands - 1985*
(Quadrillion Btus)

Self-
Petroleum Natural Purchased Generated
Products Gas Coal Electricity Fuels Total
Heat and Power
Manufacturing 1.0 4.5 1.7 2.4 1.2 11.5
Feedstocks 4.4 .6 1.1 - 6.1
Agriculture,
Construction,
and Mining 1.2 1.0 .1 .5 2.8
TOTAL 6.6 6.1 2.9 2. 1.9 20. 4

* Preliminary estimates.



construction, and mining over the last decade. The energy-output ratio has
been constant in two areas, crop drying and quarrying. This is what one
might expect, since there has been littie depletion of stone and gravel,
and no diminishing returns problems with crop drying. On the other hand,
in oil and gas production--an important part of the mining sector--the need
for more and deeper drilling to sustain existing production has lead to an
increase in fuels used by drill rigs and related equipment. 1In addition,
electricity use in irrigation has been growing exponentially.

Fuel use for raw materials is also important. A quad is used for
metallurgical coal. This is generally expected to decrease, because of the
switch to electric-based technologies in the steel industry. Most of the
rest is for oil and natural gas liquids, including about 3.0 quadrillion
Btus of petrochemical feedstocks in 1985.

About two quads of self-generated fuels (mostly still gas) were used
in U.S. refineries in 1985. 1n addition to these self generated fossil
fuels, a significant quantity of biomass and waste products were used as
fuels. 1In the paper industry (SIC 26), a very energy intensive Industry,
about half of the energy consumed was waste pulping liquor and biomass,
both of which are by-products of the raw materials (mostly wood) processed
in the industry. These non-fossil fuels are omitted in Figure 2 and

Table 1.



HISTORICAL TRENDS IN INDUSTRIAL ENERGY USE
Past trends in energy use by U.S. industry provide a useful benchmark

for any attempt to project future trends. Figure 3 shows actual end-use
energy demand by U.S. industry from 1960 to 1985 as well as four trend
extrapolations through the vear 2000.

Industrial end-use energy demand grew from 17 guadrillion Btus in 1960
to 26 quadrillion Btus in 1973, an average annual growth rate of 3.1
percent. During this period real industrial output grew at an average
annual rate of 3.6 percent per vear, so end—use energy per unit of output
was declining very slowly at about .5 percent per vear. Had these trends
continued end-use energy demand by industry would have reached nearly 40
quadrillion Btus by 1985 and over 60 quadrillion Btus by the vear 2000.

Part of the reason that actual energy demand growth slowed between 1973
and 1985 was that industrial output grew much slower during that period
than during the sixties and early seventies. In fact, real output grew at
only 1.4 percent per vear from 1973 to 1985 compared to its 3.6 percent
annual growth rate between 1960 and 1973. Figure 3 shows that with actual
output growth and the energy output ratio fixed at its 1973 level,
industrial demand for end-use energyv demand would have reached
approximately 30 gquadrillion Btus by 1985. 1In addition, if real output
grew at 2.5 percent per vear from 1985 to 2000 after reaching 30
guadrillion Btus in 1985, demand would reach 44 guadrillion Btus by 2000.

As shown in Figure 3, actual end-use energy demand by U.S. industry
fell from 26 quadrillion in 1973 to 20.4 quadrillion Btus in 1985, an

average annual decline of 2.0 percent per vear. With output growth at 1.4
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percent per vear, this implies & 3.4 percent reduction in the energy-output
ratio during the post-embargo period.

Two additional trend extrapolations based on a 2.5 percent growth in
real output between 1985 and 2000 are shown on Figure 3. 1n one, the 1973
to 1985 reduction in energy output ratio of 2.9 percent per year continues
vielding a further reduction in energy use to 20 quadrillion Btus by 2000.
In the other extrapolation, the energy-output ratio is fixed at its 1985
level so energy demand grows at 2.5 percent per vear reaching 31 quads by
2000.

None of the four trend extrapolations shown in Figure 3 represents a
forecast of the future. They do, however, provide a useful perspective on
future energy use. 1f energy use per unit of output continues its 1973-85
trend despite much lower energy prices, industrial energy demand will
decline gradually between now and the end of the century unless output
growth is 3 percent or greater. Alternatively, if the energy-output ratio
of the average piece of energy-using equipment installed between now and
2000 is equal to the average energy-output ratio of all equipment in use in
1985, end-use energy by industry will grow at the same rate as real output;
if real output growth is 2.5 percent, end-use energy demand will grow at
2.5 percent as well.

The two extrapolations on the top of Figure 3 provide additional
benchmarks. First, if the energy-output ratio returns to its 1973 level
(and real output grows at 2.5 percent), then end-use energy demand would
grow at 4.& percent per vear. This is & projection that is consistent with
prices returning permanently to their pre-1973 level and an assumption of

full svmmetry of the response of energv demand to lower prices with respect
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to its response to higher prices. 1n other words, this trend would result
if prices return to their pre-1973 level for a long period of time and ali
technology and product mix decisions revert to those made in that year.
Finally, the top line shows that if the economy were able to achieve its
old long run potential growth rate, if there were full symmetry in price
responsiveness and if prices fell to their pre-1973 level, then a 6.9
percent annual growth rate in end-use energy demand would result. To &
significant degree, the analysis of industrial energy use centers on
determining which of these historical trend extrapolations will prevail in
the future.

Although the aggregate trends shown in Figure 3 are interesting,
differential trends in the use of the individual energy fuels--oil, gas,
coal, and electricity--can lead to some distortion in their
interpretation. Part of the reduction in energy use over time represents
shifts from lower to higher valued fuels like shifts from coal to oil and
gas, or oil and gas to electricity. Higher valued fuels have a higher
value because they are worth more in producing products that consumers
value; if they were not worth more in production, no one would pay a higher
price for them. One solution to this problem is the use of economic
indices for energy prices and quantities, where the quantity of each fuel
is weighted by its relative value in computing an adjusted aggregate
quantity measure. Despite its theoretical attractiveness, results derived
using this method can be difficult to grasp. Furthermore, since the most
important trend to capture in analyzing industrial energy use is the trend
from fossil fuel to electricity use, trends in these two types of fuels can
be examined separately as a compromise between straight Btu aggregation and

economic indexation.



Figures 4 and 5 repeat the framework developed in Figure 3 for fossil
fuel and electricity use, respectively. Fossil fuel use grew at 2.§&
percent from 1960 to 1973, implying a decline in the fossil fuel-output
ratio of .8 percent per year. From 1973 to 1985, fossil fuel use declined
at an average rate of 2.2 percent per year, implying a 3.6 percent per year
reduction in the fossil fuel to output ratio. These trends are similar to,
but more pronounced than, the total end-use energy demand trends.

The historical trend in electricity use departs significantly from the
total energy and fossil fuel use trends. As shown in Figure 5, electricity
demand grew at 5.9 percent from 1960 to 1973, implying an increase of over
2.0 percent per year in the electricity-output ratio. And from 1973 to
1985, electricity demand grew by an average of 1.7 percent per year,
implying a .3 percent per year increase in the electricity-output ratio. A
comparison of the historical trends in Figure 4 vor fossil fuels with that
in Figure 5 for electricity reflects the steady increase in the market
share of electricity in total energy use that has taken place over both the
pre- and post- embargo periods. This comparison suggests that future
trends in energy use can be usefully disaggregated into trends in electric

and nonelectric energy consumption.
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ISSUES IN INDUSTRIAL ENERGY DEMAND ANALYSIS

fach Energyv Modeling Forum study focuses on a set of policy and
analysis issues. By studying these issues, the working group can assess
the capabilities of models and other methods of analysis in relation to one
another and to real-world evidence.

The specification of a reference case for the model comparisons is an
important task in the design of the study. £qually important is the choice
of the most important uncertainties to examine via alternative model runs.
The issues that cannot be credibly examined with the existing set of
analytical tools must also be identified. In this study, the most

important uncertainties were felt to be:

Fuel Prices

Considerable uncertainties on the supply and demand sides of the
markets for individual energy fuels makes fuel price forecasting a
precarious occupation at best. Yet industrial energy demand does seem to
be influenced by total energy costs as well as relative fuel prices. This
makes it imperative to study the sensitivity of industrial energy demand to

changes in fuel prices.

Fuel-Switching Capability

in both the short and long run the ability of a particular industry to
use alternative fuels will exert a significant influence on how the demands
for individual energy fuels respond to changes in their relative prices.
1n the short-run, the degree of switching will be dictated by the
characteristics of the equipment in place. In the long term more

flexibility is generally available as industries may switch processes.
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Cost of Capital

The role of the prices of other inputs (i.e., capital, labor,
materials) in energy investment and use decisions represents another
dimension to the problem of understanding past trends in industrial energy
demand and projecting future ones. Many decisions on investments in
energy-consuming capital equipment depend as much on the cost of capital as
on the price of energy. Thus, it is important to determine the
sensitivity of projections of energy consumption by industry to variations

in the cost of capital.

GNP and Economic Growth

The rate of growth of the economy can have a significant impact on
future fuel demand trends. On the one hand, if the economy is growing
rapidly there will be more demand for investment goods, which are generally
more energy intensive. On the other hand, in a rapidly growing economy
there is a larger fraction of the total stock of energy-using equipment
that is new. As a result, there is a more rapid adjustment of average
energy use per unit of equipment to changing conditions in energy or
capital markets. If the marginal rate of energy use per unit of output is
falling (because of higher prices or technological advances). then rapid
growth will lower the average rate of energv use per unit of output within
each industry faster than slower growth. It is particularly important to
capture such counterbalancing effects when economic growth rates and energy
prices are changing as dramatically as they have over the past fifteen

Vears.



E{pduct Mix

Recent research has shown that a significant amount of the reduction
in energy use per dollar of output produced by industry can be attributed
to shifts in the mix of products produced rather than reductions in the
amount of energy used to produce each product. Furthermore, shifts in the
production of energy-intensive products between the United States and
foreign producers have had a large influence on domestic industrial energy
consumption. This effect has been particularly evident in the cement and

steel industries.

Technological Change

Changes in technology can significantly influence fuel use by
providing alternative ways to combine inputs in the production of a
particular product. The potential effects of these changes must be
assessed in any attempt to understand the future of industrial energy
demand. Technological changes which allow substitution of solid fuels (low
cost) for oil and gas {higher cost), such as gasification and fluidized-

bed combustion are an issue for modeling.

Utility Boiler Emissions Restrictions

Restrictions on electric utility and industrial boiler emissions
motivated by environmental concerns like acid deposition can have a major
impact on industrial fuel use. From the point of view of major industrial
energy users, such regulations can lead to higher electricity rates and to
a higher cost for the direct combustion of coal. Thus, both electricity
and coal consumption by industry, as well as the consumption of alternative

fuels, can be significantly affected by environmental regulations
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MODELING INDUSTRIAL ENERGY USE

The diversitv of U.S. industries and the variety of uses of energy by
each industry complicates the task of analyzing industrial energy demand.
Several approaches for dealing with this complexity have been developed
over the past decade or so, but they all fit into a single framework drawn
from modern microeconomics.

Each approach starts with a breakdown of the industrial sector by
industry group. This choice is generally dictated by the availability of
data, the computational constraints inherent in the chosen methodology, and
the model designer's judgement about how much disaggregation is required
for a particular set of applications of interest.

Once an appropriate level of disaggregation of the industrial sector
has been chosen, a way of determining the output of each "industrv” must be
developed. Generally, the demand for the output of each industry ic
supposed to depend on some measure(s) of economic activity (e.g.,
population, income, the outputs of other industries) and on the price of
the output of the industry. In addition, changes in the composition of
overall industrial output have had major impacts on the amount of energy
consumed per unit of aggregate output, as will be argued later in this
report.

Once output by each industry is projected, the level of output that
can and should be produced from each vintage of capacity must be
estimated, together with the amount and type of the new production

capacity.



In terms of analyzing energy (and other input factors, e.g., capital,
labor, and materials) demands by industry, the choice of equipment in new
production capacity is central. The long life and high cost of energy
using equipment (particularly by the most energy-intensive industries)
generally means that it is easier to change the mix of factors (including
energy) used to produce a particular product "ex-ante" before new equipment
is installed than "ex-post" when it has already been put in place.
Subseqguent investiments can be made after the new equipment has been
installed, but these tend to be costly relative to buying new equipment
with the same factor use characteristics. In fact, when factor prices
change dramatically enough, it is sometimes better to shut down old
capacity before it is physically obsolescent because of the unfavorable
economics (economic obsolescence).

The key to a model's representation of the new capacity investmeni
decision is the specification of the technological menu it includes, and
how that menu changes over time due to advances in technology. Also
important is the way the model represents the choice of technologies from
those available. This is sometimes done in a way to simply minimize the
cost of providing output, but other factors (e.g., experience with this
type of technology, flexibility in adjusting inputs in response to sudden
changes in factor prices, etc.) can be incorporated.

Once the new production capacity has been selected and the output from
all vintages of equipment {capacity utilization) determined, total factor
use {including energy) by the industry is obtained by adding together the
factor requirements of all equipment vintages in operation. 1In reality.
decisions on input factors, technology choice, and output supplied are made

20



simultaneously, but in a modeling approach equilibrium solutions are often
obtained iteratively by sequentially updating input demands until the
implied output prices ciear their markets.

All of these steps (and more) are carried out by industrial energy
consumers. Consequently, they must be dealt with in some way (explicitly
of implicitly) in any attempt to analyze industrial energy demand. In the
present study, projections of industry outputs at the 2-digit Standard
Industrial Classification (SIC) level from a single model are employed
(although these are put in broad historical perspective and alternative
cases are considered). Thus, most of the model comparisons discussed here
focus on different ways of representing the effect of product choices,
technological change, and technology choices on energy demand within each

industry group.

MODELING METHODOLOGIES

A number of different methodologies have been employed by the
architects of the models represented in EMF §. Four different types of
models have been developed: process models, econometric models,

input-output models, and hybrid models.

Process Models

Since future energy demands are strongly infiluenced by the choice of
available technologies, the main feature of a process model is 3
competition, based on cost minimization, between technologies for market
share. The main inputs for each model run are projections of the gross
output for each industrial sector and fuel prices. The model contains
within it specific descriptions of all relevant technologies.
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In addition to providing energy demand forecasts by fuel and industry,
the detailed nature of the technological specifications within process
models (including options for co— and self-generation of electricity) makes
them useful for addressing specific guestions about energy conservation,
market penetration rates, and for allocating resources to an R&D program.
Process models can be sensitive to changes in policy constraints or

significant new technologies.

Econometric Models

Econometric models use historical time series and geographical
cross—-sectional data together with economic theory to determine an
analvtical relationship between prices and quantities demanded. The
fundamental tool to describe this relationship is a set of elasticities
(the percentage change in quantity demanded for each percentage change in a
particular price). Using statistical analysis, these elasticities can be
calculated from the historical data for all relevant input prices (and,
usually, output levels). Using assumptions about fuel prices and
industrial output, future consumption trends are projected on the basis of
these historical elasticities. This approach is useful for projecting
baseline forecasts and the response of demand to changes in output or
prices. If there is reason to suspect that elasticities may change (due to
changes in external factors such as policy constraints), the modeler must
make exogenous adjustments in these parameters. Technological change is
often incorporated by a time trend that determines changes in energy
intensity (the ratio of industry output to energy use) not associated with

energy price changes.
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input-Qutput Models

The main feature of input-output models is a matrix of intersectoral
flows of goods and services. The elements of the matrix represent the
share of the output of each industry that is sold to each other industry.
Similarly, the input requirements for each industry determine the demand
for the output of other industries. Supply and demand are determined by
the simultaneous solution of these equations. The appropriate values for
the matrix's elements can be fixed constants or functions derived
judgmentally or econometrically. These models are particularly helpful in
assessing the causes of sectoral shifts in output and interactions amongst

the energy demands of the different sectors.

Hybrid Models

Typically, models will not incorporate strictly one methodology. For
example, the data requirements of a process model that includes every
industrial process would be overwhelming. For this reason, most process
models use external economic analyses and input-output calculations to
estimate demand in those sectors that are not energy intensive or where
available data is inadequate. 1In addition, historical trend factors are
sometimes employed to capture aggregate trends in the structure of
industrial energy demand. Process models also use behavioral lags to
adjust for the many factors that prevent a firm from responding immediately
to changes in business conditions. Likewise, disaggregation to the process
level can be incorporated into an econometric model for significant

processes. This tendency toward hybridization is becoming increasingly

common.



The 6 models included in the study were: the Wharton Annual model; the
Industrial Sector Technology Use Model - 2 (ISTUM2) developed by Energy and
Environmental Analysis, Inc. (EEA); the AES/ISTUM1 model maintained by
Applied Energy Services, Inc.; the Purchased Heat and Power (PURBAPS) model
developed by the Energy Information Administration; the Oak Ridge
Industrial Model (ORIM); and the INFORUM model developed at the University
of Maryland.

Fach of these models has been refined and enhanced over a number of
vears and by now includes elements of all three approaches to energy demand
modeling. FEach has a specific methodology at its foundation. PURHAPS
relies dominantly on econometric concepts and data-estimation techniques;
ISTUM2 and AES/ISTUMI on the process analysis methodology; ORIM combines
the econometric and process analysis approaches; and Wharton and INFORUM
rely on input-output analysis, with econometric estimation of values for
parameters that reflect the adjustment of input-output coefficients, the
composition of final demand, and the adjustment of the level of final

demand to changes in the prices of inputs.

REFERENCE CASE ASSUMPTIONS

This section presents a standard set of assumptions for key input
variables defining the Reference case. These assumptions were input to as
many of the models included in the study as possible, providing the degree
of standardization necessary for comparison of model results. This
standardization permits the projections of industrial energy demand
produced by a variety of models to be analyzed with respect to one
another. 1n addition, an individual model's projections may be compared

across different scenarios.
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in the design of the Reference case and alternative scenarios a
two-step procedure was followed. First, assumptions were specified for
primary energy prices over the next 25 years. Second, these primary energy
price assumptions were input to the Wharton Annual macroeconometric model.
This produced projections of delivered fuel prices, economic output, and
capital, labor, and materials prices that were used as inputs to the other
models. The other models produced detailed projections of fuel demands by
industry that were used to focus the working group's deliberations. Some
of the models included in the study (e.g., PURHAPS) were designed to be
operated as part of fuel market analysis systems that project fuel prices
as well as fuel demands, but the linkages between supply and demand
included in those larger systems were not employed in the present study in
order to focus the model comparisons exclusively on energy demand
behavior. The sequential process for standardizing input assumptions for
EMF 8 is summarized schematically in Figure 6.

The Reference case represents a reasonable reference path for
comparing the scenario results, rather than a consensus on the most likely

forecast of industrial energy demand.

Primary Energy Prices

The input assumptions for world oil price in the Reference caseé are
consistent with the reference projections of the EIA 1984 Annual Energy
Outlook through 1995, and crude oil price growth rates from the base case
projections of the National Energy Policy Plan from 1995-2000. The world
0il price follows the EIA reference projection through 1995 and the growth
rate of the NEPP crude price projections from 1995 to 2010. In this case,

refiner crude oil acquisition costs, in inflation-adjusted terms,
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continue to decrease through 1987, then increase at three to four percent
per vear throughout the remainder of the study's time horizon. The 3.6
percent real growth rate in crude costs from 1984 to 2010 implied by these
assumptions seems very high by current thinking. Prices for natural gas

and coal are also fit to Annual Epergy Outlook assumptions. Table A-1 in

the Appendix contains the primary energy price assumptions for the EMF 8

Reference case.

Delivered Energy Prices

The real delivered prices for coal, natural gas, fuel oil, and
electricity for the years 1984-2010 were provided from Wharton model
output. These prices provide a set of delivered energy prices consistent
with the primary energy price assumptions. For example, delivered fuel oil
prices are projected to increase by about 2.9 percent per year over the

study's time horizon.

Fconomic Activity

Values for the real GNP level, adjusted for inflation, and price
deflator were also Wharton model outputs and reflect a continuation of
current economic trends consistent with the primary energy price
projections. GNP is projected to grow at 2.6 percent per year from 1984 to

2010 in inflation-adjusted terms.

Industrial Qutput Mix

Gross output for each industry was taken from the Wharton model

output and represents the composition of industrial activity consistent



with the projected level of overall U.S. economic activity and primary
energy prices. Output in the pulp and paper industry grows by 2.6 percent
per year, in the chemicals industry by 2.5 percent, no growth is projected
for oil refining, output in the primary metals industry grows by 1.2
percent, in the durable manufacturing industry by 3.5 per cent, in
agriculture, construction, and mining by 2.0 percent, and in other

manufacturing industries by 2.1 percent.

Other Prices

Real wage, real cost of materials, and. consumer prices were to be
calibrated to the values provided by the Wharton model. In
inflation-adjusted terms, wage rates grow at 1.3 percent per year, while
materials costs show no escalation. The long-term corporate bond rate
(again relative to inflation) is projected to be 7.1 percent in 19290, 5.¢
percent in 2000, and 4.3 percent in 2010. Tne cost of capital varies
widely in definition and use and was therefore to be calculated
individually for each model. The modelers chose values consistent with the

interest rates reported by the Wharton model.

Technology Options

In the reference case it was assumed that technology choices remain
conservative with a "business as usual”™ menu of processes through 2010.
The modelers used process options consistent with technologies currently

available or widely believed to be in use in the near future.
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Environmental Regulations

The Reference case is based on the status guo in federal environmental
policy. It assumes that no proposals for further constraints on emissions,
regulations for air or water quality controls, or acid rain legislation
will be passed during the projection period. In addition, Fuel Use Act

restrictions were assumed to be nonbinding on energy-use decisions.

Governmental Regulations/Taxes

No change in federal fiscal policy is projected for the Reference
case. Current tax regulations, measures for encouraging developing
cogeneration capability, and foreign trade policies will remain in effect
over the reference period. Cogeneration prices were set at less than the

full "avoided cost” buy-back rate.

ALTERNATIVE SCENARIOS

Alternative scenarios were specified to represent higher and lower
worla oil prices, higher and lower economic growth, lower natural gas
prices, lower capital costs, an international oil price shock, higher
electricity prices, lower coal prices, and a large decrease in the price of

all energy fuels.

Higher and Lower World 0il Prices

The refiner crude oil acquisition cost for these scenarios through 1995

are from the 1984 Annual Energy Outlook. The growth rates after 1995 are

taken from the new National knergy Policy Plan reference projection (the
world oil price paths from 1985 to 1995 in the two documents are roughly

comparable}. In the Low World Qil Price scenario refiner acquisition costs



decline through 1990 in inflation-adjusted terms and then grow at between
three and four percent per vear between 1990 and 2010, implying a compound
annual growth rate between 1984 and 2010 of 2.4 percent. 1In the High World
0il Price case, inflation-adjusted crude oil acquisition costs increase
continually from 1984 to 2010 at a compound annual growth rate of 4.9
percent per year.

Delivered fuel oil prices, GNP growth rates, sectoral output levels,
labor costs, materials costs, and interest rates for these primary energy
price assumptions were again produced by the Wharton model. All other
assumptions (including gas, coal, and electricity prices) were as in the

Reference Case.

High and Low GNP Growth Scenarios

The High and Low GNP Growth scenarios were those projected by Wharton,
modified to incorporate the EMF 8 Reference case energy price assumptions.
In the High Growth scenario, real GNP grows at 3.4 percent per year from

1984 to 2010; in the Low Growth scenario at 2 percent per year.

Low Natural Gas Prices

In this scenario gas prices are depressed over the remainder of the
1980s due to longer than expected persistence of the gas bubble and
heightened gas-to-gas competition. Canadian imports and special marketing
programs (SMPs) are instrumental in depressing gas prices in this
scenaric. Wellhead gas prices decline through 1987 in inflation-adjusted
terms and then start increasing slowly. By 1990 the average wellhead gas

price reaches 80 percent of the Reference case level. Thereafter, the
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average wellhead gas price rises at the same rate as the average refiner
crude oil acquisition cost. All other assumptions are as in the Reference

case.

Lower Costs of Capital

A 10 percent (in some models, e.g., ORIM, approximately two percentage
points) reduction in real annual costs of capital (however measured in the
individual models) relative to the Reference case. All other assumptions
as in the Reference case. Because of differences in capital cost
accounting conventions it was difficult to maintain comparability between

the individual models in this case.

High Electricity Prices

An increase of 9 percent (that is the biggest national average impact
we could find) in electricity prices in each year caused by more stringent
emissions standards for coal-fired electricity utility boilers or by any
other set of financial or regulatory sources. All other assumptions as in

the Reference case.

0il Price Shock

1n this scenario oil prices follow the Low 0il Price trajectory until
1994. Then a sudden anticipated increase (doubling) in world oil prices
occurs in 1995. Finally, crude oil prices return to the Low 0il Price
trajectory by 1996. All other assumptions as in the Low 0il Price

scenario.



{ow Coal Costs

Constant delivered real coal costs (at $19.51 per ton in 1972 dollars

- $43,70 in 1984 dollars) from 1984 through 2010. All other assumptions as

in the Reference case.

Low Energy Prices

A simultaneous reduction in all energy prices with respect to the
reference case; oil and gas prices are reduced 30 percent, coal prices 20
percent, and electricity prices 10 percent from 1990 on. Between 1984 and
1990 prices ramp from Reference levels to the Low Price levels. In this
scenario refiner crude acquisition costs decline to about 519 a barrel
in 1990 in inflation-adjusted terms, and then increase at 3.6 percent per
annum from 1990 to 2010. This trajectory implies about a 1.5 percent
annual growth rate in inflation-adjusted crude acquisition costs over the
study's 1984-2010 time horizon. This price trajectory seemed quite low
when it was initially proposed (in May 1985), but the oil price collapse of
February 1986 has actually resulted in prices 25 percent or more below
those postulated in this scenario. Whether prices will remain at this low

level for long is an open and hotly debated question.
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GENERAL TRENDS IN MODEL RESULTS

Each Energy Modeling Forum study focuses on a set of policy and
analysis issues. A study of these issues enables the working group to
assess the capabilities of the models included in the study in relation to
one another and to real-world evidence. Three issue areas were
particularly prominent in the use of the models by the EMF 8 working group:
sectoral shift, technology trends, and fuel choice. Before discussing
results in these specific issue areas, however, we note several general
trends that emerge from the application of the models included in the study
to the study scenarios.

First, energy use per unit of industrial output in the United States
will continue to decline through 2010. This trend is apparent in the
results from all the models for all scenarios. For example, Figure 7(a)
shows the projected decline in total energy use for heat and power in
manufacturing per unit of industrial output for the Reference case price
assumptions where fuel oil prices increase in real terms by 2.9% and real
GNP grows by 2.6 percent per year over the study's time horizon. Depending
on the model, energy use for heat and power in manufacturing per unit of
output is projected to decline by from 1.5 to 1.7 percent per annum from
1985 to 2010, compared with the 2.9 percent decline experienced from 1260
to 1973. As shown in Figure 7(b), this trend is revealed even in the Low
Energy Price scenario (where oil and gas prices drop to 30 percent below
their Reference case levels), and energy use for heat and power in
manufacturing is projected to decline by from 1.2 to 1.5 percent per year

over the study's time horizon.
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Figure 7A: Energy Use per Unit of Output in Manufacturing
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Figure 7B: Energy Use per Unit of Output in Manufacturing

34



The lower energy prices of 1986 may slow this trend still further, but
will probably not reverse it. As shown in Figure 8, the demand for
purchased fuels is sensitive to fuel price changes, with an increase of one
to ten percent resulting from the approximately 20% composite price
decrease considered in the Low Energy Prices Scenario with respect to the
Reference Case. Energy prices today appear to be (at least temporarily) on
a path about 20 percent below that in the Low Energy Prices scenario; thus,
the energy—output ratio can be expected to be up to 10 percent higher than
projected in that scenario as long as prices stay at their current level.

Over the next decade the explanation for this trend towards less
energy use per unit of output is: (1) the continued shift away from the
production of energy intensive products, (2) the continued shift towards
processes and equipment that can produce the required industrial products
with less energy than older technologies, and (3) the gradual adjustment to
the energy price increases of the past 15 years. Although the last
adjustment may be slowed considerably by the much lower energy prices that
have emerged in 1986, the first two adjustments are likely to continue as
they have over the last 30 years.

The overall shift towards the production of less energy intensive
goods has been well documented as discussed in the next section. Changes
in energy prices may be part of the explanation for this trend, but changes
in interest rates, economic performance, consumer tastes, and foreign
competition have probably been at least as important. While the first two

trends may or may not continue, the last two almost surely will.
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Response of Energy Use in Manufacturing to Price Changes

Figure 8:

r J

SdvHiNd -+
NIMO —+~
I=NNLSt %

I—NNUSI/Sav &
_J

poliad

0i0¢ G00¢ 000¢ G661 0661 G861
A A B’ “ n N.l

2
Y .

0

Ly

B

d,/

(%)
ABiaug asn—puj paspyoind |D}O]
Burin}obiNUD
(ssp) @ousia)ay YI4'M "HId '}1od) seold Abisul mon



New technologies are more productive in their use of inputs, and
consequently employed in many large-scale energy-intensive applications.
These new technologies are discussed on an industry-by-industry basis later
in this report. Again, higher energy prices have been a factor behind this
trend, but some of the new technologies and processes that have come into
widespread use (particularly in the chemicals and durable goods industries)
have been adopted because they make more productive use of all inputs
(capital, labor, materials, and energy), or because they lead to higher
quality products.

Although o0il prices have declined over the past 6 years and may
continue to do so over the next several years, they are still higher than
they were when some of the energy-using capital stock now in operation was
installed. Gas, coal, and electricity prices are also higher, in
inflation-adjusted terms, than they were during the pre-embargo era.
Although the level of energy use in new equipment may tend to increase as
prices decrease on a year-to-year basis, the average energy consumption by
all equipment in operation may continue to decrease.

As mentioned previously, the aggregation of all energy fuels by Btu
content into a single aggregate total can conceal fundamental shifts in the
structure of energy demand. Disaggregation between the trends in fossil
fuel and electricity use is particularly important. Figure 9 shows the
historical trend and model projections for fossil fuels used for heat in
manufacturing for the Reference Case and Low Energy Prices scenario.

Recall that fossil fuel use per unit of output declined at an average
annual rate of .8 percent from 1960 to 1973, and at 3.6 percent per year
between 1973 and 1985. The models project further declines of from 1.7 to

2.8 percent per year in the Reference case and from 1.5 to 2.3 percent in
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