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PREFACE

This article is concerned with the US manufacturing indus-
tries' energy demand, output, and coefficients of energy used
per value of output observed since 1947 and some projections
thereof up to the year 2000. The brief description of the
variables is designed to help in the understanding and compari-
son of the amounts of energy used per unit of output that serve
as an indicator of the efficiency with which energy is used in
the manufacturing sector.

The purpose of the exercise was to provide a data basis
for the energy demand models MUSE and MEDEE, which are part of
the global energy demand modeling effort! of IIASA's Energy
Systems Program. Another purpose was to evaluate the conclusions
reached on industry's future demand for energy.

These conclusions may be implicit rather than explicit. For
instance, will the "energy consumed per value added" continue its
historic decline to 1985 (all estimates seem to agree), and can
this trend be expected to continue from 1985 to 20002 Perhaps
ves, according to WAES final energy demand estimates in Energy
Supply-Demand Integrations to the Year 2000, but not so according
to the Brookhaven Analysis of Past and Expected Future Trends in
US Energy Consumption, 1947-2000, which shows a reversal of the
trend after 1985. Some of this apparent discrepancy may be ex-
plained by the fact that the Brookhaven study envisaged the manu-
facturing industries' demand for primary energy, under the impact
of the rising trend in electrification, whereas the WAES study
looked at final energy.

A review of the five energy-intensive industries, which to-
gether constitute about 80 percent of the manufacturing sector's
energy demand (excluding petroleum and coal products that are
part of the energy sector), may provide a clue on the future
shape of energy consumption by industry. This future is looked
at not only in the light of the historical period; the paper
also takes into consideration the very last statistics for the
years 1974-1976, which were released only after most of the pro-
jections currently available had been formulated. Thus the ana-
lysis provides a means of testing the basis of those projections.

1MUSE is a scenario-oriented model which explicitly treats
parameters of lifestyle, technology, economy, and end-use effi-
ciency; it was developed and implemented at IIASA. See the
forthcoming IIASA publication by J.-M. Beaujean, MUSE: A prospec-
tive Model for the Long~Range Evaluation of Useful Energy Demand.
The MEDEE model, developed at the Institut Economique et Juri-
dique (IEJE) of the Grenoble University was implemented in a
simplified version at IIASA. See the forthcoming IIASA publica-
tion by Bruno Lapillonne: The MEDEE Model for Long-Term Energy
Demand Forecasting.
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ABSTRACT

The paper intends to analyze the US manufacturing indus-
tries' demand for energy, total and per value added, over the
last 25 years with an outlook into the future. The study con-
centrates on 5 energy-intensive industries (food, paper, chemi-
cals, stone and clay, metals), which together absorb about
80 percent of the total energy consumed in manufacturing indus-
tries, excluding coal and petroleum products. The historical
growth rates of the last 25 years show for each of these indus-
tries and total manufacturing a decrease in the amount of ener-
gy used per unit of output. This trend was observed during the
periods of economic growth, when energy was relatively cheap and
abundant; and it continued during the recent past in the 1975/76
recession. The question is raised of how various research bodies
see the development of these trends in their projections up to
the year 2000.

The study which contains detailed data on methods and sour-
ces for various concepts of energy consumption and manufacturing
output, was originally used to provide the data basis for the
IIASA modeling exercises of energy demand by manufacturing indus-
tries.
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Energy Demand by US Manufacturing Industries

CONCEPTS

The Statistical Universe

In order to avoid confusion between manufacturing and in-
dustry, it should be kept in mind that industry or the industrial
sector consists of manufacturing and nonmanufacturing industries.
In the following we are concerned only with the manufacturing in-
dustries, excluding petroleum refining and coal processing. In
terms of the US standard industrial classification (SIC) this
comprises Major Groups 20 to 39, excluding SIC Group 29 Petroleum
Refining and Coal Products1. In terms of the United Nations
Standard Industrial Classification this corresponds to ISIC Divi-
sion Three excluding groups 353 and 354. The exclusion of petro-
leum and coal products from manufacturing is justified on the
grounds that petroleum refining and coal processing are part of
the energy sector. A borderline case might be the manufacture of
asphalt and roofing tar (SIC 295 and 299). Some sources, such as
WAES, show raw materials or "feedstock" for asphalt and tar in
connection with the energy demand of manufacturing industries.
For the sake of comparability with other estimates we have ex-
cluded SIC 295 and 299 from the energy demand of the manufactur-

ing sector.

Based on historical data and projections compiled by Brook-
haven National Laboratory (BNL) the share of the manufacturing

sector in total gross fuel use may be estimated as follows:

1Data on armament industries (SIC 19) are included with
miscellaneous (SIC 39) if and when available.




USA Gross Fuel Consumption

Sectors Unit 1947 1967 1985 2000
Agriculture, Mining, and  44"5p0; 141 2,70 4.00  6.80
Construction

Manufacturing Excluding "

Petroleum and Coal Products 8.30 15.00 28.34 53.05
Other Sectors " 20.82  38.22 66.01 81.05
All Sectors " 30.53 55.92 98.35 140.90
Manufacturing as Percent K 27 27 29 38

of All Sectors
After BNL [14; p.4, table 1].

The data show that a relatively small amount of energy is

used by the sector comprising agriculture, mining, and construc-
tion; this is of some importance in the later analysis. One
further sees that the manufacturing sector, adjusted as indicated
above, represents less than 30% of gross fuel consumption in the
pre-projection periods, and that it is assumed to increase to
nearly 40% by the year 2000. These matters will be discussed in
greater detail and in comparison with estimates from other sources

(i.e. WAES) in the following notes.

Within the manufacturing sector, five energy-intensive in-
dustry groups (primary metals; chemicals; paper; stone, clay and
glass; and food) absorb about 80% of the energy demand of all
manufacturing industries and only 30% of the value added. The
following notes and Tables 6 to 10 concentrate on the five energy-
intensive industries (individually), other industries (en bloc),
and total manufacturing. Energy consumption value added, and
deflators for all manufacturing industries at two-digit industry

levels, are shown in Tables 15 to 20.

Sources and Methods

Data on US energy demand and output by manufacturing indus-
tries are available from several sources. Table 1 gives an over-

view of the availability and type of data sought, definitions,



presentations, and years covered in the sources readily available
at IIASA.

These are the US Census and Anauul Susveys of Manufaciures,
also reproduced in the Statistical Abstract [1 to 5]); Project
Independence of 1974 [6]; the Ford Foundation's Energy Consumption
in Manufacturing Industries of 1974 [7]; the WAES Energy Demand
Studies of 1976 and Energy Supply-Demand Integrations of 1977
[9 to 11]; the various Brookhaven estimates as contained in the
Input/Output Computer Printouts for 1967 [12]; the Sourcebook for
Energy Assessment of December 1975 [13]; the Analystis of Past and
Expected Future Trends in US Energy Consumption, 1947-2000 of
February 1977 [14]; and finally the early work of W.A. Reardon at
Battelle on the Energy Use Changes from 1947 to 1958 and 19568 to
1963 [15].

Most estimates on energy consumption and output by manufac-
turing industries derive from the US Census of Manufactures by
the Department of Commerce. The census is taken every five
years (i.e. 1958; 1962; 1967; 1972; 1977) and provides detailed
information on output and consumption of raw materials, fuels,
and electricity. Together with other sources it is used for the
input/output tables established by the Bureau of Economic Analysis
(also of the Commerce Department), i.e. for 1958 and 1967; the
latest after 1967 is not yet available at IIASA. A less detailed
enumeration is made annually by means of a sample survey. Re-
cently, the gquestion on "purchased fuels and electricity for heat
and power" was added to the Annual Survey of Manufactures
[2 to 4].

Output by Manufacturing Industries

The data used by the various sources on the value of output
represent either "value added" or "gross ouput"; the latter is
similar to "shipments" and "sales". The census publications
show the same amount of energy purchased for either "value of

1]
shipments" or “value added". See, for example, the "Manufactures



Summary for Industry Groups", a standard table in the US Staqtisti-
cual Abstract [5]. Since it is always the same amount of energy,
it can be pro-rated against either "gross output" or "value added"

of a given industry.

It may further be noted that the value of output data pub-
lished by the census are always in terms of current dollars only.
Consequently, all data found in the literature on output in
constant prices are estimates. This has to be kept in mind when
comparing historical data on the demand of energy per value of
output. It was found that the deflator implicit in the value
added at 1967 prices used by the Ford Foundation [7] was quite
similar to the one used by Project Independence [6] for the years
at which they overlapped. Therefore, we used the deflator im-
plicit in the Ford Foundation study to convert the raw data from
the census into constant prices of 1967 for the period 1947-1967.
However, these deflators relate only to total manufacturing and
six energy-intensive groups. We estimated the deflators for the
other 14 groups on the basis of the difference between total
manufacturing and the six groups mentioned above, plus adjust-

ments where necessary, with the wholesale price index.

For more recent yvears, not covered in the Ford and Project
Independence reports, we estimated value added at 1967 prices by
extrapolation of the 1967 census value added by the Federal
Reserve's Industrial Production Indexes for individual industries.
To test the accuracy of these estimates we compared the growth
rate with the index numbers 1967 = 100 implicit in the "Manu-
facturing Sales in Constant Dollars, 1959 to 1975" published in
the Survey of Current Business of May 1976 [17; pp. 16]. Unfor-
tunately, we had to resort to these somewhat complicated methods,
because the value added by manufacturing industries at two-digit
SIC level, published in The National Income and Product Accounts
of the US, 1929-1974 in the Survey of Current Business Supplement
[16; table 63, p. 189], were only given in terms of current
values. Moreover, a deflator of the census value added at cur-

rent prices by the wholesale price index was not feasible for



several manufacturing groups. In order to obtain comparability
with Ford, Project Independence, and Brookhaven projections, we
then converted WAES 1972 values to the price level of 1967. Ob-
viously, the data could be converted to a more recent price

basis.

Fortunately, the above described compilation of value added
in constant prices, and hence energy input per value added, were
later found to agree largely with the (Conference Board) data
quoted in the New York Times of 26 March 1978 [24].

Energy Demand Definitions

The estimates of energy demand by manufacturing industries
are largely based on the censuses mentioned above. They provide
data up to four digit industry level on "fuels and electricity
purchased for heat and power" in values (current dollars) and
qﬁantities (kWh) . To facilitate comparisons, we converted the
kWh to BTU on the basis of 1 kWh = 3460 BTU. This showed more
clearly the differences between the various estimates and the

census on which they are based (see Table 2).

The data on electricity demand when shown separately from
that of fuels, as in Project Independence [6] and WAES [9] agree
closely with the Census; they represent, as stated above, "pur -
chased electricity". Likewise the UN tables on US manufacturing
industries' electricity demand for individual industries, shown
in the Growth of World Industry [18], are raw census data on

"purchased electricity to generate heat and power".

The difference between the census and the various estimates
is in fuels, for reasons of coverage and concepts. As far as
coverage is concerned, one has to recall that the census deals
only with "purchases to generate heat and power", and therefore
two major energy demand items are excluded:

® Fuels not purchased from the outside, i.e. captive coal
consumption. This occurs mostly in the case of metallurgical
coke used for primary metals production (SIC 33); this coal

comes from mines owned by the steel companies.




® Fuels not used to generate heat and power but as raw
materials or "feedstock" such as petroleum for the production of
petrochemicals that are part of SIC 28 chemicals. Other feedstock,
used for asphalt and roofing tar (part of SIC 29) is excluded

from the present analysis, as stated above.

Both captive coal and petroleum feedstocks are large items.
Based on the Ford estimates, the 1967 gross energy consumed for
primary metals consisted to one third of captive coal [7; p. 21,

" table 1.3]. The share of petroleum feedstocks for petrochemicals
is nearly 50% of the chemical industries' combined fuel and elec-
tricity demand in the WAES data for 1972 [9; page 522]. There-
fore, the various attempts to fill the gaps left by the census
explain some of the major differences between the various esti-

mates with which we are presently confronted.

Other differences among the various estimates result from'
differences in the concept of energy demand (see also Table 1).
The Brookhaven Input/Output compilations [12] relate to "useful
energy". This is the amount of energy in terms of heat, light,
mechanical power, etc., actually used to provide a given energy
service, e.g. heat for warming a room, light for reading a book
power for turning a lathe, etc. This useful energy is net of all
losses that occur at various stages, such as conversion of primary
to secondary enerdgy; transportation of secondary energy; and
finally losées caused by conversion or adaptation to provide the

final service?Z.

The Brookhaven Analysis of Past and Expected Future Trends
[14] deals with primary fuels, involving a reconversion of second-
ary to primary. The Ford study on Energy Consumption in Manu-

facturing Industries [7; p. 7] considers gross energy consumed.

2For definition of concepts see also IIASA Workshop on Ener-
gy Strategies, Conception and Embedding, Appendix p. 19, Laxen-
burg, May 1977 [19] and W. HAfele On Energy Demand, invited paper,
XXI. General Conference of the International Atomic Energy Agency,
Vienna, September 1977 [20].



This measure includes purchased electricity in terms of an aver-
age amount of fossil fuel required to make one kilowatt hour of
electricity. On the other hand, the Census [1], Project Indepen-
dence [6] and WAES [9] are concerned with the energy delivered
to the manufacturing industries as the last consumers or "final
demand". This is a mixture of primary (i.e. coal) and secondary
energy (i.e. fuel o0ils; electricity). The difference between
primary and secondary is not so significant for fuel oils, but
for electricity multiplication by a factor of roughly 3.3 might
be required to express electricity consumption in terms of prim-
ary fuels. 1In the 1972 Census, fuels and electricity quantities
are shown separately, except for standard tables 6 and 7 which
present an unadjusted total "representing the kilowatt-hours
equivalent of all fuels used for heat and power plus the quantity
of purchased electricity" [1; SR-85, footnote 1]. Project
Independence [6] and WAES [9] use unadjusted totals of delivered
fuels and electricity for compilations of energy/output coeffi-
cients. The crude device of unadjusted totals for final fuels
and electricity could be justified on the grounds that it suf-
fices to study the long-term trends, if two conditions were met:

® The share of electricity in the manufacturing industries’
energy demand is not very high; and

® It is not expected to change much in the course of the

projections.

The first condition applies to the manufacturing sector as
a whole for the base year 1972, when on the average, electricity
amounted to 10.5% of the (unadjusted) energy demand. There are
however important deviations from this average, i.e. transporta-
tion equipment and "other manufacturing" where the so-compiled
electricity share is over 20%, and in the non-ferrous metals
industry where it is over 30%. For details, see Table 3, "USA
Consumption of Final Fuels and Electricity by Manufacturing
Industries, 1972". As regards the second condition, it seems
that both WAES and BNL foresee a higher share of electric power
in future energy demands of the manufacturing sector. As stated

in the WAES report "Minimum preferences for electricity in the




industrial sector in 2000 are...20 percent higher than the actual
1972 percentage”" [10; p. 621 and table 19.3, p. 622]. For Brook-
haven projections in this matter, see for instance their tables
on "Percent of Total Energy Service Activity Occurring Within
Selected Interindustry Sectors" [14; p. 24, table 10].

These factors should be kept in mind when comparing energy
demand projections of WAES with those of BNL.

OBSERVATIONS

The time series on energy consumed, value added, and the
energy required in terms of BTU to produce one dollar value added
at 1967 prices for total manufacturing and five energy-intensive
industries are shown in Tables 6 to 10. In Figures 1 to 6 the
energy coefficients are plotted for the entire manufacturing sec-
tor excluding petroleum refining and coal products; and for the
five energy-intensive industries total and individually. For an
interpretation of the data, one should keep in mind the different
methods used by the various sources, indicated above. These
differences are reflected, at least for the pre-projection peri-

ods, in the levels of the coefficients.

USA 1967 Energy Coefficients, Manufacturing Sector?®
103 BTU per 1%
Value Added
(at 1967 Prices)

US (Census (final energy excl. captive
coal and feedstocks) 41

Project Independence (final energy incl.
captive coal and feedstocks) 48

Brookhaven Analysis (primary fuels incl.
captive coal and feedstocks) 59

Ford Study Manufacturing (gross fuels,
incl. captive coal and feedstocks) 61

a = Excluding Petroleum and Coal Products
Source: See Tables 6 to 10.



Historical Growth Rates

The message of the pre-projection period is that, regard-
less of the levels, all indicators point towzrdz a3 decrease o
the energy consumed per value added produced. The same trend
is shown by all sources (US Manufacturing Census; Ford Report,
Project Independence) to have occurred for total manufacturing
and each of the five energy-intensive industries, since 1947 or
some time thereafter until the present time. "The present time”
for the Ford Study, Project Independence, and WAES means early
1970s, as at the time of their compilation the results of the
Annual Surveys for 1974 and later years were not yet at hand.
They have since become available, showing continued increase in
the efficiency of energy use in the manufacturing sector as a
whole and in individual industries, though at differing intensi-
ties and expectations. Moreover, another means of assessing
progress in recent energy conservation has become available
through the monitoring of progress achieved in the implementa-
tion of the Federal law of 1974 favoring voluntary energy con-

servation.

The average efficiency of energy utilization in the manu-
facturing sector (excluding coal and petroleum products) as
measured by the Census data has increased from 75,000 BTU to
produce one dollar value added (at 1967 prices) in 1947 to
41,000 BTU in 1971, and since then to 33,000 BTU in 1976 (see
Table 6). In 1971, the manufacturing companies purchased
11.5 x 1015 BTU of energy from the outside, compared with
11.3 x 1012 BTU in 1976, according to the (Census data. If one
adds to these purchases the energy that is self-produced by the
manufacturing companies, the so-called self-generated electric-
ity, and the coke made from coal mines owned by steel companies,
the efficiency of energy utilization still continued to increase.
This was commented upon by the New York Times in an article on
The Energy Efficiency of US Industry by Victor K. McElheny [24].

What are the factors that caused this improvement, though

small in some industries, that occurred during the recent re-
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cession? Does this performance reflect the impact of price
elasticities? Is it the outcome of the above mentioned 1974
Federal law to spur energy conservation in industry by means of
a voluntary program? Were new, energy-saving, plants and equip-
ment installed to replace older plants that had been built when
energy was cheap? Has the product mix changed in favour of less
energy-intensive industries? An answer to these questions might
help to get a firmer basis for the projections. A step in this
direction might be to look at the long-term growth observed for

individual energy-intensive industries.

For the chemicals industries, the historical data show con-
siderable and continued improvements (see also Figure 4). Im-
proved energy efficiencies continued in the very recent period,

according to a progress report on the implementation of the
Energy Conservation Program. Using 1972 as a base year, the

program sets goals for energy efficiency that are to be achieved
by 1 January 1980. Between 1972 and 1976, the chemicals are re-
ported to have achieved a nine percent improvement (14 percent |

was sought).

In the paper industries, energy efficiency has greatly im-
proved over the years (see Figure 5). Further and bigger savings
of energy input are expected from technological changes, through

the burning of waste as a source of energy. This process has
been known for some time. However, the progress in energy

savings, as measured under the above mentioned program, is re-

ported to be 50% below target [24].

The group of "stone, clay, and glass" which includes cement,
has also shown continuous improvement in energy efficiency (see
Figure 6). However, like in the case of paper, mentioned above,

the savings were disappointingly small in the recent years (247].

On the other hand, fuel conservation has come up to expec-
tations in the "petroleum refining and coal mining industries"
and the "nonelectrical machinery manufacturing" that had met

their goals of 12, respectively 15, percent savings [24].



-11-

An industry whose energy input merits particular attention
is the group of "primary metals". The historical downward
course of energy quantity input per value of output has at times
been interrupted by short upward stretches (see Figure 3). This
is so because the primary metals are particularly sensitive to
cyclical effectSB. As stated in the Ford report on Manufacturing
Industries [7; p. 11] the energy input per short ton of raw steel
was trendwise comparatively low in 1969 when production and capac-
ity utilization were high; in 1958 and 1971, when production and
capacity utilization were low, the energy input per output was
comparatively high. As stated in the Ford Study, "one reason for
this is simply the avoidance, at high levels of output, of re-
heating furnaces or boilers that are allowed to cool during the
slack periods" [7; p. 11]. The relatively poor performance of
slack periods may explain to some extent why the energy savings
envisaged under the above mentioned voluntary program had by 1976
reached less than 50% of the target set for primary metals.
Another reason may be the fact that during and after the recent
recession, companies may prefer to accumulate cash rather than
spending money for such expansionist items as research and
development, and installation of new, energy saving, plants and
equipment. In fact, the slowdown in capital spending is thought
by some to be responsible for the fact that the "large-scale"
basic energy-intensive industries, such as metals and paper, have

been conserving energy more slowly than other industriesu [24].

3The primary metals industry shows the only instance where
the different sources do not seem to agree. From 1958 to 1962,
Census data (purchased fuels and electricity for heat and power)
point to an increase, and Ford and Project Independence (purchased
fuels and electricity plus captive coal) show a decrease of ener-
gy used per value added. A disaggregation of the data shows that
the energy efficiency derived from captive coal became so strong
that it overshadowed the increase in energy per value added of
the purchased fuels and electricity.

uQuotations in the New York Times [24] of Mr. Gelb, economist
of the Conference Board. It may be noted that the Conference
Board, Energy Information Centre, prepared the study on Energy
Consumption tn Manufacturing Industries, which was published in
1974 as part of the Ford Foundation energy policy project [7].
It is understood that this study is now being updated [24].
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Projections to the Year 2000 (Comparison of Estimates)

All projections show continued growth of manufacturing
output. The guestion is, will the tendency for less energy.
per output observed in the past continue in the years to come?
The various projections point towards a continuation of this
trend for the "near future", up to 1985 (Ford Report; Project
Independence; Brookhaven; and WAES for low and high economic
growth). For the period 1985 to 2000, the trend implicit in the
WAES projections sees further reductions in the use of energy per
‘output, whereas the Brookhaven projections show that the end of
the long line of rising energy efficiency in manufacturing in-
dustries is reached by 1985; thereafter, until the year 2000,

the efficiency seems to decrease.

Here are some direct quotations from the two reports. As
stated by WAES:

...In the industrial sector, energy use per dollar of output
is projected to decrease between 1985 and 2000 at a rate of 0.8
percent per year for primary metals and 1.5 percent per year for

other energy-intensive industries [10; p. 626].

The Brookhaven table on "Energy per Unit of Output"” indicates
that energy per unit of output will decrease 0.4% per year during

the period 1967-1985 and increase 0.9% per Year during 1985-2000

[14; p. 11]1. As stated in the text: "... In the 1985-2000 period
relative to the 1967-1985 period energy consumption per unit of
output is expected to accelerate ... [14, p. 11/17].

In order to find an explanation for the apparent contra-
diction in the messages on future energy efficiency in manufac-
turing coming from the two reports, it may be useful to have a
look at some of the assumptions underlying the projections:

® economic activity on energy demand growth rates;

@® share of manufacturing in total energy demand;

@® product mix, technological innovations.

This analysis omits other factors which could also have an im-

pact, such as elasticity of energy prices; government policy and
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effectiveness of energy conservation measures; availability of

capital and willingness to invest in energy saving devices.

Economic Activity and Energy Demand Growth Rates

Compiled from various sections of the WAES and BNL reports,
the annual growth rates for economic activities (GNP and manu-
facturing output) and energy demand (final and primary energy all
sectors and manufacturing sector) are shown in Table 4. For de-
taills, see also Tables 11 to 14 on growth assumptions in various
scenarios and projections. The tables show that there is con-
siderable agreement between WAES and BNL on the growth rates of
economic activity as expressed by total GNP and total manu-
facturing ouput. A discrepancy exists as to the growth of energy
demand, especially by the manufacturing sector. This apparent
discrepancy is largely due to the fact that the BNL energy demand
projections are in terms of primary energy; this means that
account is taken of additional amounts of primary fuels required
to meet the rapidly growing demand for electrification. Whereas
the WAES data which are in terms of final energy exclude such
calculations, they repmresent straight extrapolations of the

historical growth rates for final energy.

Share of Manufacturing in Total Energy Demand

As shown in Table 5 on "The Share of Industry in Total Energy
Demand" both BNL and WAES expect that the energy consumption by
the manufacturing sector as percent of total energy demand will
increase. According to BNL the increase in terms of primary fuels
will be from 27% in 1967 to 29% in 1985 and 38% in 2000. Accord-
ing to WAES the increase in terms of final energy will be from
32% in 1972 to 40% in 1985 and 47% in 2000 under "high" growth of
activities, and to 36% in 1985 and 41% in 2000 under "low" growth.

The commentary offered by the two reports on the rising
share of manufacturing and industry in total energy demand is

stated by the BNL:
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"The estimated 1985 to 2000 trend toward greater con-
contration of energy consumption within industry par-
tially reflects greater than average expected improve-
ments in the effictency of nommanufacturing uses of
energy. In particular, ERDA estimates that in this
time period transportation end use efficiencies will

. stgnificantly increase and that space heating require-
ments will decline via improved insulation. Much
smaller efficiency improvements are expected in manu-
facturing-oriented activities, such as process heat,
feedstock, and direct electric drive activities. It
should also be mentioned that this trend toward greater
concentration of energy consumption within industry
over time has also been forecasted by econometricians.
They estimate that a greater degree of non-energy for
energy substitution exists outside of the manufactur-
ing sector”, [14; p. 13/14]

The WAES notes that "The data...indicate a continuing shift
away from energy usage by individual consumers and toward energy
use by industry..." [10; p. 627]. The message implicit in these
statements is that greater savings in energy conservation may be
forthcoming from the transportation, commercial, public, and

residential sectors [10; p. 627].

Product Mix, Technological Innovations, Materials Switching

During the past period of abundant and relatively inexpen-
sive energy supply, the factors that accounted largely for energy
savings per value of output were shifts in the product mix and

technological innovations.

Product mix. With the plight of the steel industries con-

tinuing for some time in the future, there is a possibility for
a decrease in the amounts of energy required for the primary
metals industries (though not a decrease in the amount of fuel
per unit of output). On the other hand a development in the
opposite direction, towards other, energy-intensive, industries,
has also to be reckoned with. Both the Brookhaven and WAES re-
ports foresee a shift in the product mix favoring the energy-
intensive, petrochemicals industries (to pay for higher oil im-
ports according to the BNL analysis). Moreover, the Brookhaven

analysis foresees a higher percentage in heavy machinery and
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capital goods production for public utility construction as an
element to increase the manufacturing sector's energy demand
[14; p. 12]; and as stated above, rising preference for electric-

ity.

An increased output of chemicals and increased demand for

feedstocks is also foreseen in the WAES projections.

Technological innovations. Examples for important increases

in processing efficiencies are savings of energy by capture of
process heat in primary metals industries and the conversion of
wastes to energy in the paper industries. As shown under the
recent capital crunch 1974-1976, the energy savings in these in-
dustries did not come up to expectations. However, the BNL fore-
sees continuation of the energy saving trend in the paper indus-
try beyond 1985. Based on BNL projections for energy demand and
value added, paper is the only industry where the energy per
value added coefficient continues to decrease for 1985 to 2000
(see data, Table 9).

Materials switching. Savings in the energy consumption can

also be expected from materials switching; in the automobile sec-
tor they could materialize if the FEA mandated fuel efficiency
requirements succeed with automobiles becoming lighter over time,
using more aluminium and plastics and less steel and glass [14;
p. 27]1. The "miniaturization" or process by which over time
fewer and fewer pounds of materials were incorporated in each
product (as seen in the decreasing weights of radios, computers),
has greatly contributed in the past to reduce the energy per
value added coefficient. The question is: To what extent will
this and other energy saving devices continue to prevail in the

future?
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Table 2. USA Energy Consumption by the Manufacturing Sector,
Excluding Petroleum and Coal Products, Various Esti-
mates for 1967 and 1971.

Fuels Electricity Total
12 12 12
10 "BTU 10 “BTU 10 "BTU
1967
Brookhaven, Analysis [14]
Primary Fuel . . 15002
Ford Foundation (71
Gross Energy . . 15557
Project Independence [6]
Final Energy 10810 1396
US Census [1]
Final Energy 9015 1396 .
Brookhaven, Input/Output [12]
Useful Energy . . 9655
1971
Ford Foundation [71]
Gross Energy . . 16821
Project Independence [6]
Final Energy 11452 1677 .
US Census [1]
Final Energy 9804 1685 .
WAES [9] Final Energy 143762 18132 171892
a = 1972

Sources: See reference numbers.




-20-

Table 3. USA Consumption of Final Fuels and Electricity by Manu-
facturing Industries, 1972; After WAES.

Fossil Electri- Total Share of
Industries Fuﬁés C%SY 12 Elggg§i—

10 "BTU 10 “BTU 10 "BTU %
Iron and Steel 3382 206 3588 5.7
Nonferrous Metals 580 276 856 32.2
Paper and Allied 1419 128 1547 8.3
Chemical 5583 370 5953 6.2
Mineral Products 1376 96 1472 6.5
Food and Related 892 119 1011 11.8
Transportation Eguipment 323 102 ‘ 425 24.0
Other Manufacturing 1821 516 2337 22.1
Total Manufacturinga 15376b 1813 1'7189a;b 10.5
b = Includes feedstocks, 2929 x 1012BTU

ol
I

Excludes asphalt and road tar feedstocks, and petroleum
and coal products

Source: After VWAES Energy Demand Studies [9; p. 522/523].
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Table 4. USA Economic Activities and Energy Demand, Projected
Annual Growth Rates, 1985 to 2000; a Comparison of
BNL and WAES Estimates.

BNL WAES
"C"High "D"Low
Economic Activities
O GNP 3.1% 3.5% 2.5%
®Manufacturing Output 3.2% 3.7% 2.9%
Enerqgy Demand
®All Sectors
Final Energy . 1.7% 1.2%
Primary Energy 2.4% . .
@ Manufacturing Sector
Final Energy 2.7% 1.9%
Primary Energy 4.2% . .

Sources: Compiled from D.J. Behling, BNL Analysis [14] and WAES
Supp ly-Demand Integrations [10].
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Table 15.
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USA 1967 Useful Fuel and Electricity Used by Manufac-

turing Industries; Gross Output and BTU/$ Gross Out-

put; After Brookhaven BNL 110,

Manufacturing Industries

Gross Output

Useful Fuel and Elec-

(Value of tricity Used
Shipments) (All Processes)
us Total BTU per Gross
SIC Output
Code 103$ 101%MU BTU
20 Food, Beverages 83 975 615 7330
21 Tobacco 4 904 1 2260
22 Textiles 19 815 215 10856
23 Apparel 21 327 72 3376
24 Lumber 11 206 191 17044
25 Furniture 7 750 60 7742
26 Paper 20 970 799 38102
27 Printing and Publishing 21 738 62 2840
28 Chemicals 42 148 2911 69066
30 Rubber 12 759 127 9954
31 Leather, Shoes 5 169 22 4256
32 Stone, Clay 14 449 836 57859
(Iron and Steel) (27 410) (2340) (85370)
(Non-Ferrrous Primary Metals) (19 321) (451) (23342)
33 Primary Metals 46 731 2791 59725
34 Fabricated Metals 34 578 228 6594
35 Nonelectrical Machinery 48 477 198 4084
36 Electrical Machinery 43 361 180 4151
37 Transportation Egquipment 68 512 251 3664
38 Instruments 9 907 28 2826
39 Miscellaneous 17 579 58 3299
Total,Excl.Petroleum Refining| 535 355 9655 18035
29 Petroleum Refining 22 043 . .
Grand Total - 557 398 . .

Note: Data in BTU per $ gross output compiled from [12] multiplied
with the corresponding values of gross output from the US
Census of Manufactures for 1967 as reproduced in the US

Statistical Abstract [5].
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Table 16. USA Useful Fuel and Electricity Used in Manufacturing Industries,
by Processes, in 1967; After Brookhaven BNL 110.

Fuel and Electricity used by Process:
Manufacturing
Industries ) Heat and Power Total
Ore |Chem.
Us %iggc— gggg: lMotive| Pro-| Water Seace Air- | Elec- ALl
s1C : Power ;Z;: Heat | Heat ziggi— ;5;2: Pro-
Code ing cesses
107%] 1072 10"2] 107%[ 1072 ] 1072] 10"?] 10'2| 10'?
BTU BTU BETU BTU BTU BTU BTU BTU BTU
20 Food,Beverages - - - ue8 1 53 5 88 615
21 Tobacco - - - 4 . 2 5 . 11
22 Textiles - - - 115 22 18 - 60 215
23 Apparel - - - 56 - 8 - 8 72
24 Lumber - - - 108 1 44 - 37 191
25 Furniture - - 1 16 1 27 - 15 60
26 Paper - 3 1 695 - 14 4 82 799
27 Printing - - 1 6 1 34 1 19 62
28 Chemicals - 1064 - 1433 - 33 37 344 2911
30 Rubber - 77 - 34 - 8 1 7 127
31 Leather, Shoes - - - 10 - 8 - 4 22
32 Stone,Clay 4 - 2 695 1 38 4 92 836
(Iron and Steel) | (1406) - - (745) - (26) (2 (161) (2340)
(Non-Ferr.Metals) | (5) - - (255) - (11) (1) (179 (451)
33 Primary Metals | 1411 1000 - 37 3 340 2791
34 Fabr.Metals 2 - 1 142 1 38 2 42 228
35 Nonelec.Machin. 1 - - 99 1 u8 6 43 198
36 Electr.Machin. - - 1 48 - 56 20 55 180
37 Transp.Eq. 2 - 2 108 - 54 14 71 251
38 Instruments - - - 6 - 13 3 6 28
39 Miscellanecus - - 1 13 1 27 1 15 58
Total PMcl.PStro™ 11420 q1ss 11 5056 30 560 106 1328 9655

Note: Data from [12] in BTU per $ gross output. The coefficients (BTU
per $ gross output) were multiplied with the gross output values
from the US Census of Manufactures as reproduced in the US Stati-
stical Abstract [5].
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Table 17. USA Percentage Structure of Useful Fuel and Electricity Used by
Processes, in Manufacturing Industries, in 1967; After Brook-
haven BNL 110.
Manufacturing Processes in Percent
Industries g:?l
used | ore | Chem. |Motive| Pro- |water | space |Air- | Elec| Total
Reduc- | Feed- | Power | cess |Heat | Heat |comdi-] tric
us tion stock Heat tion |Power?
SIC 1012
Code ) 3 * r | s * * * 3 %
20 Food,Beverages 615 76.2 0.2 8.6 0.8 14.2 100.0
21 Tobacco 1 . 0.4 39.4 0.4 15.0 41.2 3.6 100.0
22 Textiles 215 . . 53.5 10.2 8.4 . 27.9 100.0
23 Apparel 72 . . . 77.8 R 11.1 1.1 100.0
24 Lumber 191 . . 0.7 © 56.1 0.5 23.2 0.1 19.4 100.0
25 Furniture 60 . . 1.4 27.1 0.9 45.7 . 24.9 100.0
26 Paper 799 . 0.4 0.1 86.9 . 1.8 0.5 10.3 100.0
27 Printing 62 . 1.8 10.2 1.1 54.5 2.1 30.3 100.0
28 Chemicals 2911 . 36.6 . 49.2 . 1.1 1.3 11.8 100.0
30 Rubber 127 . 60.6 . 26.8 . 6.3 0.8 5.5 100.0
31 Leather, Shoes 22 . . . 45.4 . 36.4 . 18.2 100.0
32 Stone,Clay 836 0.5 . 0.2 83.2 0.1 4.5 0.5 11.0 100.0
(Iron and Steel)|(2340) (60.1) (31.8) (1.1)  (0.1) (6.9) (100.0)
(Non-Ferr.Metals)| (451)  (1.1) . (56.6) . (2.4)  (0.2) (39.7) (100.0)
33 Primary Metals |2791 50.6 . 35.8 . 1.3 0.1 12.1  100.0
34 Fabr.Metals 228 0.9 . 0.4 62.3 0.4 16.7 0.9 18.4 100.0
35 Nonelec.Machin. 198 0.5 . . 50.0 0.5 24,2 3.0 21.8 100.0
36 Electr.Machin. 180 . . 0.6 26.7 . 31.1 11.1 30.5 100.0
37 Transp-Eq. 251 0.8 . 0.8 43.0 . 21.5 5.6 28.3 100.0
38 Instruments 28 . . . 21.4 . 46.4 10.7 21.5 100.0
39 Miscellaneous 58 . B 1.5 22.6 0.9 48.2 1.5 25.3 100.0
Total,Excl. Petro—
leum and Coal 9655 14.7 11.8 0.1 52.5 0.3 5.8 1.0 13.8 100.0

a =

Note: Data [12]) are taken from Table 15.

This electric power may be understood as "non-substitutable" electricity.
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Figure 1.

USA Total Manufacturing Excluding Petroleum
Coal Products
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Figure 2.

USA Five Energy Intensive Industries Total (Food;
Paper; Chemicals; Stone,

Clay, and Glass; Metals)
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Figure 4. USA Chemicals Industries
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Figure 5. USA Food Industries and Paper Industries
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Figure 6. USA Stone, Clay, and Glass Industries






