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Foreword 

Since t h e  f i r s t  oi l  p r i c e  escalat ion of 1974, t h e r e  h a s  been considerable  reduction 
in to ta l  energy use p e r  unit  of total output. This development h a s  many names: in- 
creas ing energy conservation,  increasing energy  productivity,  or, conversely,  de- 
creas ing energy  intensity. 

Claire Doblin's study i s  concerned with the  empirical  analysis of f a c t o r s  
direc t ly  responsible f o r  th is  t r e n d  in t h e  US manufacturing s e c t o r  during t h e  
1974-1980 period. Escalat ing oil  p r i ces  are commonly believed to have prompted 
energy  savings and conservat ion in t h e  manufacturing s e c t o r  - just  as they did to 
some ex ten t  in t h e  c a s e  of household fuels and gasoline demand. However, t h e  de- 
creas ing energy  intensity of US manufacturing (and US indust ry)  i s  a long-term 
development, coinciding at times with falling or s table  e n e r g y  p r i ces ,  e .g . ,  in t h e  
post-World W a r  I1 period.  In o t h e r  words, t h e  current  energy  intensity d e c r e a s e  
w a s  not  c r e a t e d  by rising oil  p r i c e s  alone.  Hence f o r  th i s  per iod in h is tory ,  at 
leas t ,  t h e  ro le  of price-induced substi tut ion (as implied by t h e  incorporat ion of en- 
e r g y  r e s o u r c e s  in t h e  production function) i s  less  important  than has  some times 
been assumed. This i s  so because the  f o r c e s  at work to s h a p e  t h e  energy  intensity 
of t h e  industry s e c t o r  r e f l e c t  t h e  c h a r a c t e r i s t i c s  of a n  aging industrial  society - 
t h e  sh i f t  from energy- (and labor-) intensive indust r ies  toward industries with 
lower energy  (and l abor )  requirements  and h igher  value added. This aging or ma- 
turing of t h e  industrial  sector i s  in s h a r p  c o n t r a s t  to the  rapidly  increas ing ener -  
gy intensity of developing coun t r i e s  such as Mexico and  Brasil.  

The analysis  i s  based on  detai led s t a t i s t i c s  o n  s t r u c t u r e  and technology impact 
at t w o  levels: aggrega te  of a l l  sectors ( to ta l  manufacturing) and t h e  most energy- 
intensive industries t h a t  toge the r  a b s o r b  about BOX of total manufacturing input. 
The conclusions, and the  underlying da ta ,  should b e  useful f o r  f u r t h e r  work in t h e  
study of industrial  change  as w e l l  as energy  modeling. 

T.H. Lee 
Di rec to r  
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THE IMPACT ON ENERGY CONSUMPTION OF 
CHANGES IN THE ~ U ~ E  OF US b M N U F A m N G  

PARTI: OVERALL SURVEY 

Cta i re  P. Doblin 

1. INTRODUCTION 
ENERGY INPUT. GNP, AND INDUSTRIAL OUTPUT 
In the years  of rapid economic expansion tha t  followed World War 11, total  con- 
sumption of all forms of primary energy and Gross National Product (GNF)  in con- 
stant pr ices  expanded at much the same rates .  But since the oil embargo of 1973, 
the growth r a t e s  of energy and GNP have diverged, and the energy used pe r  unit 
of output f o r  the economy as a whole measured by the energy/GNP ra t io  has con- 
tinuously decreased. This decrease is commonly r e fe r r ed  to  a s  declining energy 
intensity; conversely, i t  also signifies growing energy productivity. For purposes 
of the analysis, both terms a r e  used alternately. 

There is a strong belief shared by economists and the public at large that en- 
ergy productivity in the US and other  Western industrialized countries w a s  in- 
creasing because of conservation measures and energy savings adopted in 
response to  the high and rising costs of energy. However, the post embargo 
period, specifically the decade from 1974-1984, was not the f i r s t  time rising ener- 
gy productivity has been observed. Sam H. Schurr ,  in a pioneering work Energy  
in the  American Economy (Schurr,  1960), and more specifically, in his 1982 lec- 
tu re  Energy  E m c i e n c y  a n d  Product ive  EQgiciency: Some Thoughts  Based o n  t h e  
American Experience (Schurr,  1984), shows, i n t e r  a l i a ,  that  there  had previously 
been a long period (1920-1953) of growing energy productivity of the US economy 
(energy/GNP ratio) and the industrial sec tor  (energy/industrial output ratio). 

Since the f i r s t  oil pr ice shock in 1973, the energy demand of the industrial 
sec tor  has decreased more than tha t  of the economy a s  a whole. This i s  t rue  not 
only fo r  the US but fo r  other  industrialized countries a s  well. Figure 1 shows the 
growth of energy consumption in industry and o ther  sec tors  in the US, the FRG, 
France, and the UK. In the USSR (not shown in Figure I ) ,  the growth of energy 
consumption in the industrial sec tor  is also trailing the national total - though 
both a r e  still rising. 

This analysis t races  the factors  primarily responsible fo r  the  acceleration of 
energy productivity in US manufacturing, which represents  about 807. of US indus- 
t ry .  An attempt w a s  made t o  quantify the impact of several  factors  tha t  influence 
the industrial energy intensity. These a re :  compositional, o r  as some say, struc- 
tural  changes in the output mix; technological changes in manufacturing processes 
t o  improve fuel utilization efficiency; the special role  of electricity in enhancing 
energy productivity; and energy savings resulting from import penetration of 
domestic markets fo r  energy-intensive products. These various factors  were in- 
vestigated in case studies of primary metals, chemicals, petroleum refining, paper ,  
and cement. 
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FIGIJRE 1. Total p r imary  a n d  s e c t o r a l  e n e r g y  consurnption~ in f o u r  coun t r i e s ,  
1970-1983 (index number s ,  1970 = 100). 



The case studies and a review of the s t ruc tura l  changes in the volume of 
manufacturing production a r e  contained in P a r t  I1 of this repor t .  

2- HISTORICAL TRENDS OF ENERGY PRODUCTIVITY GROWTH 

2.1. Compilat ion o f  Indicators 

The analysis of energy productivity in the manufacturing sec tor  is  handicapped by 
the lack of annual data  f o r  purchased energy f o r  hea t  and power in the  pre-1974 
and post-1981 periods, where such data  are available only at five-year intervals as 
pa r t  of the full Census of Manufactures. Moreover, the input of energy used as r a w  
materials (feedstocks) had to  be partially estimated from industry sources  because 
i t  was (till now) not adequately covered by the censuses1 (see Appendix Tables 1 ,  2 ,  
and 3). 

I n d u s t r y  Sector 

While t he re  are serious gaps (time and o the r  deficiencies) in the manufac tur ing  
sector 's  energy input, the  i n d u s t r y  sec tor ' s  consumption of all forms of energy is  
compiled annually since 1949 - f i r s t  by the Department of the  Inter ior ,  and l a t e r  
by the Department of Energy (DOE) under the se r ies  of "Consumption of Energy by 
End-Use Sectors" (US Department of Energy, Energy Information Administration, 
1985). These se r ies  are in primary energy equivalents and implicitly include ener- 
gy used as r a w  materials, a s  well as  losses in electricity generation and distribu- 
tion. However, i t  should be noted tha t  by DOE definition of industry, the energy in- 
put of agriculture,  mining, construction, electricity,  and gas  utilities a r e  inextri- 
cably lumped with tha t  of manufacturing. Still the  energy productivity t rends in 
the industry s ec to r  can se rve  as a guide t o  the developments in total  manufactur- 
ing. This is  s o  because manufacturing absorbs the major sha re  of the industry 
sector 's  energy input (80%). Moreover, the  Federal Reserve Board (FRB) produc- 
tion indices f o r  industry and manufacturing follow quite similar growth trends.  See 
Figure 2 f o r  the industry sec tor ' s  energy productivity growth, compiled from the  
above discussed DOE and FRB indices. 

This shows tha t  energy input p e r  unit of industria1 output decreased, and en- 
ergy intensity decreased while energy productivity increased  over  the  ent i re  
period of the  study (1958-1984). Further ,  energy productivity increased most ra- 
pidly from 1980-1984, which included yea r s  of severe  recession following the 
second oil pr ice  explosion in 1979. This increase in energy productivity of the 
ear ly  1980s is  in contrast  with the slight decrease of energy productivity observed 
during the recessions of 1969/1970 and again 1975, a f t e r  the f i r s t  oil pr ice  shock 
of 1974, when a slump in industrial production and concomitant falling capacity 
utilization forced an increase in the amount of energy used p e r  unit of output. 

~ U a n u f i d u r i n g  

The manufacturing sector 's  r e a l  gross  output (sales values at 1972 prices) w a s  
plotted against the  growth of "final purchased energy f o r  hea t  and power" and "ag- 
gregate  energy input in primary energy equivalents". See Figures 3 and 4 ,  based 
on Appendix Table 2 ,  with da ta  fo r  selected years  since 1967. 

' ~ ~ d r o c a r b o n  and f u e l s  used a s  raw materials w e r e  co l l ec ted  In a spec la l  enqulry by t h e  Census f o r  
t h e  Department o f  Energy ( W E )  pertaining t o  t h e  y e a r s  1979 and 1980. S e e  t h i s  d i s c u s s e d  I n  Ap- 
pendix 1 {Methodology). 
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FIGURE 2. US. Industry sector .  The growth of production and energy input since 
1951 (index numbers, 1970 = 100). SOURCE: Appendix Table 4. 

A comparison of the  two energy measures shows tha t  since the  mid-1970s pur- 
chased energy fo r  hea t  and power tended t o  fall more rapidly than primary ag, a re -  
gate.  The reasons a r e  twofold: demand fo r  hydrocarbon feedstocks fo r  chemicals 
and petroleum refining grew fa s t e r  than purchased energy fo r  hea t  and power.2 A s  
s ta ted by industry sources,  this was due in pa r t  t o  the pr ice  factor ,  favoring hy- 
drocarbon feedstocks over  petroleum products - in cases  where feedstock (as fo r  
example liquid petroleum gas (LPG)) could substitute fo r  petroleum products. 
Secondly, the  electricity input, when measured in primary energy equivalents and 
including losses in generation and distribution, grows fas te r  than delivered elec- 
t r ic i ty  - a matter not t o  be  overlooked with growing electrification. 

Thus, since the mid-1970s, energy productivity tended to  follow a slower 
course when based on primary aggregate energy input, and a fas te r  course when 
based on final purchased energy, a s  derived from the Census (see again Figures 3 
and 4). 

2-2- Comparison o f  US E n e r g y  P r o d u c t i v i t y  Compilations 

The g r e a t e r  growth of energy productivity in manufacturing was also observed in 
the  results of research  based on Census energy input and 
- Value added, studied by Myers and Nakamura (1978) fo r  the years  1967-1976; 
- Values of shipments at 1972 prices,  in the study conducted by Samuels e t  al .  

(1984), who used a depression yea r  a s  basis fo r  the i r  1975-1980 observations; 
and 

'see e l so  statement on feedstock input by t h e  chemicals industry In US Department of 
Energy/Energy Information Administration (1983). 
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FIGURE 3. US. Manufacturing sector. The growth  of product ion  a n d  t h e  input  of 
p u r c h a s e d  e n e r g y  f o r  h e a t  a n d  power  s ince  1967 (index numbers ,  1971  = 100).  
SOURCE: Appendix Table 5. NOTE: T h e r e  are n o  d a t a  f o r  1970 p u r c h a s e d  e n e r g y  
f o r  h e a t  a n d  power.  
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F1GTJR.E 4.  IJS. Manufacturing s e c t o r .  The growth  of product ion  a n d  t h e  input  of 
a g g r e g a t e  e n e r g y  s ince  1 9 6 7  (index numbers,  1971  = 100). SOURCE: Appendix 
Table 5. NOTE: The re  a r e  no  d a t a  f o r  1970  pu rchased  e n e r g y  for h e a t  a n d  power .  



- Time s e r i e s  data  f o r  input-output industries provided by t he  Bureau of Labor 
Statist ics used in the  Energy Information Agency's work f o r  t h e  1974-1981 
period, recently presented by \Verbos (Boyd st al.,  forthcoming). 

The above summary, and o u r  ovrn presentations (Figures 3 and d),  lead one t o  
suspect tha t  the  calculations f o r  energy productivity growth do not substantially 
differ: 
- whether the industries are studied at only the two-digit level of the  SIC, o r  

whether they are distinguished by a more refined device; o r  
- whether the analysis i s  based on constant priced gross output, o r  whether the  

more refined value added concepts are used. 

Instead, the determining factors  are: 
- Whether the  energy tnput comprises only purchased energy f o r  heat and 

power, o r  the  total input of all forms of energy in primary equivalents. 
- Whether or not the time series are based on an unusual year ,  e.g., depression 

year,  when energy productid ty w a s  exceptionally low. 

Unfa r tmte ly ,  the selection of the energy input and the years  studied are 
constrained by the availability of data. Similar handicaps apply also to energy 
productivity calculations derived from Inputautput  analysis, which in turn  i s  
based on the Census, and hence excludes important energy inputs such as captive 
fuels fo r  i ron and steel making and hydrocarbon feedstocks f o r  chemicals and 
petroleum refining. 

The slower decrease of energy intensity, and hence the  slower growth of 
energy productivity (or  efficiency) in the 7nanuftzcturing sector based on pri- 
mary and more complete energy input (Figure 4), tends to agree  with the Likewise 
slower growth of energy productivity in the idustry  secto~,  shown in Figure 2. 
This similarity justifies (1) the selection of the m o r e  complete energy input in pri- 
mary equivalents, and (2) the assumption tha t  in the years  f o r  which energy input 
by manufacturing industries i s  not available, the manufacturing sector's energy 
productivtty i s  likely to follow the same growth t rend as that  of t he  industry sec- 
kor. This assumption is fur ther  justified by the agreement between our energy 
productivity compiLations in the industry sec tur  with other  research  in this field, 
as f o r  example the energy productivity growth in the  industry sector ,  published by 
W E  (US Department of Energy, Energy Information Administration, 1983, Table 
32), based on research  of Data Resources, Inc. (DRI). They used t w o  measures of 
output: 
- Energy weighted index of industrial output reLative to 1981; and 

- Industrial real output. 

The industrial real output i s  defined as a measure tha t  accounts f o r  increases 
in the physical output (tons) and quauty. To the  extent tha t  the  quality of output 
p e r  ton w a s  increasing, energy use p e r  unit of real output would show m o r e  energy 
conservation than simple energy use p e r  ton. 3 

%eel output i n  18 menufacturlng industr ies  I s  taken from the Bureau of Labor Stat i s t i cs ,  Ttms 
Ssrvlcts M a  fw Input-Output Znduzttlas, whlch appears i n  BLS Bulletin 2104 but were here taken 
from XOUTBLS/WUTBLS In the  SAS file NATIONAL ESTIMATES. Data on t h e  public archive  tape 
described In t b e  PVRHAPS model for  documentation, DOWELA-O4ZO/l. (An updated vers ion  of  basic  
chemlcal output, however, cam from a BLS printout.) Real output in four manufacturing s e c t o r 8  
comas from t h e  Data Resources, Inc., InpuWutput Service. End-use energy by manufacturing 
industry(welght8) In 1981 I s  d irect  from t h e  1983 Census of  Manufactures, but with purchased c o k e  
subtracted, and raw material ussd added (based on 1981 data taken from t h e  1983 Annual Enetgy 
O u t h k ) .  Raw materials u s e s  a r e  allocated t o  Industries (Including basic  v e r s u s  other chemicals 
guided by t h e  1981 Annual S u r v e y  of  Manufacturea (US Department of  Energy, Energy Information 
Admlnistratlon, 1984, p. 104). 
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FIGURE 5. US. lndustry sec tor .  The growth of energy productivity, various com- 
pilations. SOURCE: Appendix Tables 4,  6, and 7. 

Thc energy productivity growth ra tes ,  compiled by variolls source5, a r e  sum- 
marized in Figure 5, based on Appendix Tables 3 and 4 .  

.Figwe 5 shows tha t  the energy productivity index which w e  compiled from the  
industry sector's consumption of all  forms of energy in primary equivalents, and 
the FRB industrial production index, ag rees  largely with the DOE/DRI research .  
The agreement persists despite these minor differences: In the long pre-1974 
period, the fall in energy intensity (and hence the  growth in energy productivity) 
was slower in  the DOE/DRI r e sea rch  than this  would appear  from ou r  data; and f o r  
the short-term recession of the ear ly  1980s, DOE/DRI r e sea rch  shows a somewhat 
s t ronger  fall  in energy intensity than w e  do. 

2.3. Energy Productivity Growth Abroad 
Continuous growth of energy productivity in the  manufacturing sec to r  occurred in 
the FRG; i t  was particularly rapid in the  period of reconstruction following World 
War 11. In France, the decline of energy input p e r  industry output coincided with 
stable o r  declining energy pr ices  in the  1960s. continuing through the inflation of 
the 1970s (end of the data  base). These t rends can be seen in Figures 6 and 7 
(based on Appendix Tables 8 and 9). 

Interfuel substitution w a s  one of the  reasons f o r  the growth of energy produc- 
tivity in the industry sector. The displacement of coal by oil, and of coal and oil by 
gas, occurred in Europe somewhat l a t e r  than in the US. Also, progressive elect- 
rification of industry in the  U S  and abroad has ra ised the efficiency of end-use 
energy utilization in all industrialized countries. 



FIGURE 6.  FRG. Manufacturing sector .  The growth of final energy input per  value 
added since 1950 (index numbers, 1980 = 100). SOURCE: Appendix Table 8 .  
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FIGURE 7 .  France. Industry sector. The growth of energy input per  industry out- 
put since 1962 (index numbers, 1970 = 100). SOURCE: Appendix Table 9 .  
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3. DETERMINANTS OF ENERGY PRODUCTIVITY 

3.1. Role of Prices 

I t  i s  commonly believed t h a t  t h e  d r o p  in  indus t r ia l  demand f o r  ene rgy ,  l a r g e r  t h a n  
4 t h a t  in o t h e r  s e c t o r s ,  i s  based  on p r i c e  movements as vie11 as o n  t h e  slow economic 

growth af fec t ing  a l l  s e c t o r s .  In fac t ,  t h e  p r i c e  of t o t a l  e n e r g y  (fuels and  e l ec t r i c i -  
ty)  p u r c h a s e d  by t h e  indus t ry  s e c t o r  has  r i s en  f a s t e r  t h a n  t h a t  pu rchasad  b y  t h e  
household s e c t o r .  This observat ion  not  only holds t r u e  f o r  t h e  US,  bu t  f o r  t h e  
FRG, F rance ,  and  t h e  UK as well (as  shown in Table 1 ) .  

Total e n e r g y  purchased  b y  indus t ry  includes a h ighe r  s h a r e  of pe t ro leum pro-  
duc t s  and  n a t u r a l  g a s  and  a re la t ive ly  low f r a c t i o n  of e l ec t r i c i ty  when compared 
with household e n e r g y  budgets .  General ly,  o i l  and g a s  p r i c e s  t h a t  s t a r t e d  f rom a 
lower base  have  inc reased  f a s t e r  t h a n  e l ec t r i c i ty  p r i c e s  in  t h e  US and  o t h e r  coun- 
t r i e s .  Table 1 shows t h e  uneven growth of current  p r i c e s  in t e rms  of  index 
numbers (1970 = 100)  f o r  g r o u p s  of e n e r g y  commodities. In th i s  t ab le ,  t h e  p r i c e  
indices f o r  t h e  var ious  e n e r g y  commodities are r a n k e d  in o r d e r  of t h e i r  growth 
within e a c h  of t h e  f o u r  countr ies .  This c l ea r ly  shows t h a t  e l ec t r i c i ty  p r i c e s  (to- 
g e t h e r  with household g a s  and  gasoline)  gene ra l ly  occupy t h e  lottier t i e r s ,  whereas  
petroleum produc t s  (excluding gasoline)  and  n a t u r a l  g a s  a p p e a r  at t h e  t o p  of t h e  
p r i c e  r ange .  The except ion  to th i s  r u l e  i s  t h e  G'K, where  t h e  p r i c e  growth of na- 
t u r a l  g a s  - whethe r  used by  indus t ry  o r  in households - h a s  continuously t r a i l e d  
behind those  of o t h e r  fue ls  and e l ec t r i c i ty ,  thariks t o  t h e  G'K e n e r g y  po1ic:- and t h e  
abundance  of n a t u r a l  g a s  f rom t h e  Nor th  Sea. 

The p r i c e  of e l e c t r i c i t y  and fuels  pu rchased  f o r  h e a t  and  power  by  indus t ry  i s  
also compiled by  t h e  US Census of Manufactures,  shown as t h e  unit  c o s t  i n  c u r r e n t  
do l l a r s  p e r  million Btu of f inal ,  de l ive red  e n e r g y  and  s e e n  h e r e  in Tables 2 and  3. 

On a p u r e  Btu bas is ,  t h e  ( ave rage )  p r i c e  in t h e  Census f o r  p u r c h a s e d  e l ec t r i -  
c i ty  i s  f a r  h i g h e r  t h a n  t h a t  f o r  any- fossi l  fuel.5 The g a p  was widest i n  t h e  pre-1973 
per iod .  F o r  example,  in 1967  t h e  unit  c o s t  of e l ec t r i c i ty  p e r  Btu w a s  more t h a n  
nine times h i g h e r  t h a n  t h a t  of na tu ra l  g a s  and s ix  times h ighe r  t h a n  t h a t  of residu- 
a l  fue l  oil.  Af ter  t h e  Arab o i l  embargo and  t h e  ensuing f i r s t  o i l  p r i c e  explosion,  
t h e  g a p  has  narrowed.  By 1981,  t h e  p r i c e  of e l ec t r i c i ty  p e r  Btu was less t h a n  four  
times h ighe r  than  t h a t  of n a t u r a l  g a s  and a l i t t le  o v e r  two times h ighe r  t h a n  t h a t  of 
r e s idua l  fue l  oi ls  ( see  Table 2). 

The d i sc repancy  between t h e  growth of p r i c e s  of e l e c t r i c i t y  and of oi l  w a s  
s t r e s s e d  in  a r e c e n t  s tudy of t h e  In ternat ional  Energy  Agency (IEA) (1985). A com- 
pa r i son  of t h e  1 9 7 3  = 100 based  indices of a v e r a g e  e l ec t r i c i ty  and  oil p r i c e s  in  t h e  
Western industr ial ized coun t r i e s  a p p e a r s  in  Figure  8. 

In t h e  US, t h e  cost incentive t o  use e l ec t r i c i ty  w a s  provided by t h e  p r i c e  of 
na tu ra l  g a s  r a t h e r  than  t h a t  of oil,  r e l a t ive  to p u r c h a s e d  e l ec t r i c i ty .  

4 ~ h i s  sect ion on the growth of prices  and consuorption i s  based on Doblitr (19R2), whlch has s ince 
beet) expeltdud and updated, and Doblin (1983). 

 o ow ever, the cutnpilations of (average) e lec tr ic i ty  prices  do trot ref lect  the intr icac ies  of the 
rate  structure attd long-term contracts  that narrow tlte gap hetween foss i l  fue l s  and e lectr ic i ty  on 
e Btu basis  for large consumers. Moreover, the e lec tr ic i ty  prices have not been adjusted for the 
efficiettcy or other advatltages (clean alr, convenience) wit11 '~ltlclr po~ver I S  used. And certainly 
no adjustment has been trrede t o  allow for- the high capital cos t  of power generation that i s  a donr- 
inant factor in the contit~uous preference of ir~dustrial users for purcltased over self-generated 
electric!  t y .  



TABLE 1. CTS. The growth of c u r r e n t  p r i c e s  f o r  g roups  of ene rgy  commodities 
(index numbers, 1970 = 100). 

Year 

Commodity 1973 1978 1979 1980 1981 1982 1983 
- - -- - - - -- - - 

USA 
Natural  gas  
Petroleum products  
Petroleum products  
Gas utilities 
Elect r ic i ty  
Solid fuels 
Elect r ic i ty  
Gasoline 

FFG 
Petroleum products  
Natural  gas  
Petroleum products  
Solid Fuels 
Solid Fuels 
Gasoline 
Elect r ic i ty  
Elect r ic i ty  
Gas utilities 

France 
Petroleum products  
Natural  g a s  
Petroleum products  
Solid fuels 
Gas utilities 
Gasoline 
Elect r t ic i ty  
Elect r ic i ty  

UK 
Petroleum products  
Petroleum products  
Solid fuels  
Elect r ic i ty  
Solid fuels  
Elect r ic i ty  
Gasoline 
Natural  g a s  
Gas uti l i t ies 

I - industry; HH - households. 
SOURCE: Doblin (1982); updated. 

The di f ference  be txeen  t h e  growth of p r i ces  f o r  e l ec t r i c i ty  and o t h e r  ene rgy  
forms in the  post-embargo per iod played a direct r o l e  in energy  savings through 
the  incentive i t  provided f o r  f u r t h e r  electr if ication.  This shi f t  i s  in itself a n  im- 
por tan t  means t o  improve t h e  efficiency with which energy i s  used. 



TABLE 2. US. Unit cost of selected fuels and purchased electricity consumed by 
all manufacturing industries, 1967, 1971, and 1974-1981. 

Pur- Resi- Distil- Bit.Coa1, 
Total chased dual late Lignite, Coke 
Pur- Elec- Natural Fuel Fuel Anthra- and 

Year chased tricity Gas Oil Oil c i te  Breeze 

Unit Cost (dollars p e r  million Btu) 

1967 0.65 2.55 0.32 0.42 0.62 0.28 0.71 
1971 0.80 2.89 0.38 0.61 0.74 0.41 0.89 
1974 1.44 4.02 0.64 1.83 2.04 0.86 1.87 
1975 1.93 5.06 0.95 1.93 2.24 1.12 2.58 
1976 2.20 5.58 1.26 1.88 2.38 1.07 2.98 
1977 2.59 6.42 1.56 2.15 2.70 1.13 3.37 
1978 2.92 7.37 1.76 2.10 2.34 1.25 3.61 
1979 3.32 8.15 2.07 2.76 3.81 1.33 3.78 
1980 4.05 9.71 2.59 3.76 5.47 1.41 4.13 
1981 4.78 11.23 3.14 4.74 6.55 1.58 4.21 

Ratio of Purchased Electricity Prices  t o  Those of Other Energy 

1967 3.92 1.00 7.97 6.07 4.11 9.11 3.59 
1971 3.61 1 .OO 7.67 4.74 3.91 7.05 3.25 
1974 2.79 1.00 6.28 2.20 1.97 4.67 2.15 
1975 2.62 1.00 5.33 2.62 2.26 4.52 1.96 
1976 2.54 1 .OO 4.43 2.97 2.34 5.21 1.87 
1977 2.48 1 .OO 4.12 2.99 2.38 5.68 1.91 
1978 2.52 1 .OO 4.19 3.51 2.60 5.90 2.04 
1979 2.45 1 .OO 3.94 2.95 2.74 6.13 2.16 
1980 2.40 1 .OO 3.75 2.85 1.78 6.39 2.35 
1981 2.35 1 .OO 3.58 2.37 1.71 7.11 2.67 

SOURCE: U S  Department o f  Commerce, Bureau of  the-Census, 1982 Census  o f  Manufactures, Fuel  and 
E l e c t r i c  Energy Consumed, MC 82-54  (1982). 

TABLE 3. US. The growth of pr ices  f o r  electricity and total energy purchased by 
the industry sector .  

Electricity Total Energy 
Census BLS Census BLS 

Year ' Index Numbers, 1970 = 100 

SOURCES: S e e  Tables  1 and 2. 
NOTE: The growth impllcft i n  t h e  e l e c t r i c i t y  unlt  c o s t  complled by t h e  Census r o s e  f a s t e r  than the  
BLS producer p r i c e s  f o r  e l e c t r i c i t y .  



Due to data availability. includes only Canada, U.S.A., Japan, Austria. Denmark, 
Germany, Italy. Netherlands, Noway,  Portugal, Switzerland and the U.K. 

FIGURE 8. International  Energy Agency member countries.  The growth of a v e r a g e  
e lec t r i c i ty  and oil  p r i c e s  in real terms.  

Pr ice-di rec ted in ter fuel  substitution also played a r o l e  when oil  and g a s  were  
displaced by coa l  f o r  e l ec t r i c i ty  genera t ion - a n  activity t h a t  by s t andards  of the  
US classif ication of indust r ia l  ac t iv i t ies  (SIC) fal ls  outside t h e  industry s e c t o r .  
Moreover,  f a s t e r  rising p r i c e s  of petroleum products  as compared to those  of LPG 
- a feedstock f o r  petrochemicals and petroleum refining - led  t o  a substi tut ion by 
these  industries of LPG f o r  petroleum products.  Finally. t h e  shrinking volume of 
t h e  petroleum re f ine r i es  themselves provides a n  important  example of consumer 
response  t o  escalat ing p r i c e s  of petroleum products ,  notably those  used by house- 
holds and motorists. Another example f o r  t h e  d i r e c t  r o l e  of p r i c e s  i s  s e e n  in t h e  
migration of aluminum smel te r s  from t h e  US northwest  a c r o s s  t h e  b o r d e r  to Cana- 
da ,  in s e a r c h  f o r  lower e lec t r i c i ty  p r i c e s  in long-term con t rac t s .  

The l a r g e s t  impact on energy  savings by t h e  industry s e c t o r  came from t h e  
adoption of ene rgy  saving technologies, motivated by escalat ing fus l  p r i ces ,  as f o r  
example t h e  t rans i t ion in pr imary p a p e r  manufacturing t o  r ec i rcu la ted  waste fuels 
and cogeneration,  as well as t h e  pr imary metals' growing input of s c r a p ,  and in t h e  
1980s t h e  switch of cement making from "wet" to "dry" p rocesses .  

However, t h e  h is tor ica l  analysis  h a s  shown tha t  ene rgy  saving technologies 
were  a l so  introduced,  and t o  a l a r g e r  ex ten t ,  when energy  p r i c e s  were genera l ly  
s t ab le  o r  falling, and t h a t  e lec t r i f ica t ion of t h e  indust ry  (and household) s e c t o r s  
were s t r o n g e r  when t h e  g a p  between purchased  e lec t r i c i ty  and t h a t  of fossil fuels  
w a s  more pronounced. This leads  one t o  conclude t h a t  in t h e  1974-1980 per iod the  
industry s e c t o r ' s  decreas ing energy  intensity w a s  not  caused by rising oil p r i c e s  
alone. Reservat ions  on t h e  impact of ene rgy  p r i c e s  on t h e  industry s e c t o r ' s  ene r -  
gy demand come a lso  from t h e  r e s e a r c h  of Jenne and Catell (1983) who state t h a t  



"There i s  st i l l  a subconscious tendency ... t o  think t ha t  the  oil c r i s i s  
sparked  off a n  improvement in energy use. This may be s o  in the  t rans-  
po r t  and domestic energy  scene where t he  final consumer h a s  d i r ec t  con- 
t r o l  o v e r  the  energy purchases.  I t  i s  not t r ue ,  however, f o r  t he  industri- 
a l  s ec to r  of the  UK ..." and "All tha t  can b e  said with confidence ... is tha t  
fuel  p r ice  r i s e s  a r e  nei ther  necessary nor  par t icular ly  affective on 
the i r  own at increasing energy  efficiencyJ'. 

Besides, quoting from t h e  s a m e  au thors  "The ro le  of price-induced sub- 
stitution as envisaged by use of a production function i s  less  important than 
has  often been assumed" and "while aggregate  production functions have long 
since lost the  theoret ical  batt le,  t h e r e  i s  a question o v e r  t he i r  use a s  a n  em- 
pirical  tool. " 
A more mediate, less d i r ec t  impact of energy pr ices  is  f i l tared through t he  

s t ruc tura l  changes in t he  manufacturing sec tor ' s  output mix. Given t he  complexity 
of t he  subject ,  t h e  role  of energy pr ices  in changing t he  output mix i s  not f u r t h e r  
considered, f o r  th i s  would b e  a n  endeavor going beyond t he  terms of r e f e r ence  of 
this repor t .  

3.2- Structural C h a n g e s  in O u t p u t  Compos i t ion  

The concept  of s t r uc tu r a l  changes used h e r e  di f fers  from t h e  b roade r  one tha t  
r e f e r s  t o  what i s  consumed, saved, and t raded,  and t o  t he  mix of labor ,  land, capi- 
tal, energy, materials, and technology in production activit ies of t he  economy. 

Produc t ion  VoLume, Percentage S t r u c t u r e  

St ruc tura l  changes,  as used f o r  this analysis, consist in changes in t he  composition 
of t he  nation's output mix. These a r e  ref lected in the  various industries '  percen- 
tage s h a r e s  of to ta l  manufacturing output o v e r  a period of time, where continuous 
increase  of s h a r e s  signifies fas t  growth and continuous decrease  means slower o r  
no growth (Doblin, 1984a; Doblin, 1984b). 

Table 4 shows tha t  t h e  s a m e  industries fall into t he  same slow o r  respectively 
fas t  growth pa t t e rn  regard less  of whether the  classification is  based on constant- 
pr iced (1972) sa les  values o r  value added. There is, however, on exception: based 
on s a l e s  vaLues the  s h a r e  of chemicals and allied (SIC 28) in total  manufacturing 
was still rising, though at a slower r a t e ,  from 7.13% in 1970 t o  7.97% in 1980. While 
in terms of vaLue added  t h e  sha r e s  decreased  from 7.0% in 1970 t o  6.3% in 1980. 
This discrepancy re f lec t s  the  high frequency- of intra-industry sa les ,  as t he  chemi- 
c a l  industry i s  known t o  be i t s  own bes t  customer. More important, both t h e  s l o w l y  
rising sha r e s  (sales values) and t he  decreasing sha r e s  (value added) re f lec t  t he  
"maturing" t ha t  came with market  sa turat ion,  a s  f o r  example t he  slowdown in the  
growth of petrochemicals (SIC 286), and the  absolute decline of inorganic chemi- 
cals (SIC 281). The falling demand f o r  inorganic industrial chemicals is  not d i rect -  
ly re la ted t o  the  energy pr ice .  I t  i s  a lso  doubtful ivhether in t he  ea r ly  1980s t he  
slowdown in the  demand f o r  petrochemicals tvas direct ly  re la ted  t o  t he  energy 
pr ice  escalations. The impact of energy pr ices  on the  demand fo r  petrochemicals 
produced in Western, industrialized countries,  i s  in s t o r e  f o r  t h e  time (if and when) 
oil-rich developing countries,  especially those in t he  Gulf a r ea s ,  will expand t he i r  
petrochemicals industry.  

The relatively low contribution t o  value added by t he  energy-intensive indus- 
t r i e s  i s  worth noting. Tabla 5 shows t ha t  the five industries which in 1980 used 80% 
of t h e  man~lfacturing sector ' s  total  energy  purchased f c r  heat  and power (or  86% 
of the  estimated aggregated energy input) provided less than one-third of t he  



TABLE 4.  US. The changing s t r u c t u r e  of ou tpu t  in manufacturing indus t r i e s ,  
1960,  1970,  and  1930,  measured  b y  sales values and  value added.  

Sales values  at 1972  p r i c e s  Value added  at 1972  p r i c e s  

1960 1970  1980  1960  1970  1980  
SIC % X 9, % % % 

- 

1 .  Slow growth  s ince  1960  
20 Food & b e v e r a g e s  17 .84  
2 1  Tobacco 1.24 
2 3  Apparel  3.96 
24 Lumber 2.92 
29  Pet ro leum & c o a l  4 .01  
31 L e a t h e r  1 .26  
3 2  Stone ,  c lay  & g las s  3.12 
33 Pr imary  metals  8.95 
37 Transpor t .  equipment 13.19 
27  Pr in t ing  4.50 

60.99 

2. Slow growth  s ince  1970  
2 2  Texti le  mill 3.19 
26 P a p e r  3 .61  
28  Chemicals 5.74 
30 R u b b e r  & p las t i c s  1.89 
34  Fabr i ca t ed  metal  p rod .  6.96 
39 Miscellaneous 1 .46  

22.85 

Groups  1 & 2 83.84 

3. Fas t  growth s ince  1960  
35 N-E machinery  7 .51  
3 6  E l e c t r .  & e l e c t r o n i c  5.45 
38 Ins t ruments  1 .82  

14 .78  

4.  No c h a n g e  
2 5  Furn i tu re  

NOTES: B a s e d  on  v a l u e  a d d e d  a t  1972 p r i c e s ,  SIC 28 - c h e m i c a l s  a n d  a l l l e d ' s  s h a r e  I n  t o t a l  m a n u f a c -  
t u r i n g  o u t p u t  d e c r e a s e d  b e t w e e n  1970 a n d  1980; when m e a s u r e d  In  s a l e s  v a l u e s  a t  1972 p r i c e s ,  t h e  
c h e m l c a l s '  s h a r e  still s h o w e d  a  s l i g h t  i n c r e a s e .  L i k e w i s e ,  t h e  F R B  p r o d u c t i o n  i n d e x  o f  SIC 2A g r e w  
a t  a  f a s t e r  p a c e  t h a n  t o t a l  m a n u f a c t u r i n g .  
SOURCE: S a l e s  v a l u e s  a t  1972 p r i c e s  Pronl US C o m m e r c e  D e p a r t m e n t ,  BIA c o m p u t e r  p r i n t o u t s .  V a l u e  
added ,  see n a t i o n a l  inconla  w i t h o u t  c a p l t a l  c o n s u m p t l o t i  a d J u s t n l e n t  b y  i n d u s t r y ,  In  c u r r e r i t  p r i c e s  
i n  U S  C o m m e r c e  D e p a r t m e n t ,  BEA, t h e  N a t i o n a l  I n c o m e  and  P r o d u c t  A c c o u n t s  o f  t h e  U n l t e d  S t a t e s  
1929-1976. S t a t i s t l c a l  T a b l e s  a n d  S u r v e y  of  C u r r e n t  B u s i n e s s ,  No. 7, J u l y  1982. 
D a t a  i n  c u r r e n t  v a l u e s  c o n v e r t e d  t o  c o n s t a n t  p r i c e s  \v!th d e f l a t o r s  i m p l i c i t  In  sales v a l u e s  p r o v t d -  
e d  b y  BIA. 

value added  (a t  1972  p r i ces ) .  F o r  example,  t h e  chemica ls  (SIC 28) a n d  pe t ro leum 
and  c o a l  process ing  indus t r i e s  (SIC 29),  which t o g e t h e r  accoun ted  f o r  more  t h a n  
one-third of p u r c h a s e d  e n e r g y  f o r  h e a t  a n d  po:ver ( o r  n e a r l y  one-half of t h e  es-  
timated a g g r e g a t e  e n e r g y  input ) ,  g e n e r a t e d  less t h a n  99. of value added.  On t h e  
o t h e r  hand,  all fast-growing indus t r i e s  a r e  in t h e  g r o u p s  t h a t  halie comparativelq- 



modest energy requirements,  generating high value added. Thus the  groups  tha t  
together  consumed less  than 20% of purchased energy f a r  h e a t  and po;.ier (and 
under 14X of the  estimated aggregate  energy input), produced o v e r  70% of value 
added. The f a s t e r  growth of the  low energy requiring and high value added gcn- 
era t ing industries explains t o  some ex ten t  why total  industrial  output (weighted by 
value addcdj  has  grown s o  much f a s t e r  than total  energy input. 

TABLE 5. US. Manufacturing sec to r .  Distribution of energy input quantities and 
manufacturing output (value added at 1972 pr ices )  in 1980. 

SIC Description 1 
28 Chemicals 
33 Primary metals 
29 Petroleum and coal  
26 P a p e r  
32 Stone,  claye and glas  
20 Food and beverages  

1 Subtotal  
I 
SIC Description 2 

34 Fabricated metal 
, 37 Transportation equipment 

35 N-E Machinery 
, 22 Textile mill 

36 Electrici ty and e lect ronic  
30 Rubber  and plastics 
24 Lumber 
Subtotal  

SIC Description 3 
27 Printing 
38 Instruments 
23 Apparel  
25 Furni ture  
39 Miscellaneous 
31 Lea ther  
21 Tobacco 
Subtotal  

Energy Input Manufacturing 
Purchased Output (value 

f o r  Heat added at 1973 
Aggregate and Poi~rer 

(9.1 (XI 
pr ices )  

(9.1 
Growth 
P a t t e r n  

slow 
slow 

b> 

~ 1 0 1 ~  
slow 

3.023 7.4 b) 

2.897 9.7 slow 
2.813 14.4 f a s t  
2.484 3.2 b) 

2.021 11.9 f a s t  
1.878 2.8 b) 

1.676 2.9 slow 
16.794 52.3 

5.6 slow 
4.0 f a s t  
3.9 slow 
1.6 no change 
1.7 c) 

0.8 slow 
0.8 slow 

18.4 

1980 Aggregate energy input trillion Btu 16,877 
1980 Purchased  energy f o r  h e a t  and power trillion Btu 11,873 

11980 Value added at 1972 p r i c e s  $ billion 21.4 

a) Eased on value addcd only, growth turned from f a s t  t o  low In the 1970s. 
b)Based on value addcd end s a l e s  values, growth turned from f a s t  t o  slow I n  the i070s.  
')Based on sa les  values only, growtll turned flVom f a s t  t o  slow I n  the 1070s. 
SOURCES: Appendix Table 1 and Table 4. 



H e r e  one could specula te  tha t  t h e  growth g a p  between energy  input and t h e  
industry s e c t o r ' s  output would tend t o  b e  na r rower ,  if t h e  weights were consti tuted 
by energy  or  l a b o r  input, instead of value added. 

P r o d u c t i o n  G r o w t h  I n d i c e s  

The s t r u c t u r a l  changes  in the  volume of output c a n  a l so  b e  measured by indust r ia l  
production indices. Whereby t h e  growth of t h e  manufacturing s e c t o r  as a whole i s  
considered t h e  national a v e r a g e ,  deviations from this  a v e r a g e  by individual indus- 
t r i e s  mark t h e i r  growth pa t t e rns :  f a s t  if t h e  industries '  growth exceeds ,  and slow 
if i t  lags behind t h a t  of to ta l  manufacturing. Our measurement of s t r l ~ c t u r a l  
changes  re l i e s  on a s e t  of 8 0  production indices (FRB and quanti t ies)  based at 1970 
= 100, with annual d a t a  s ince  1954. (See t h e  c a s e  study on "Structura l  Changes in 
US Manufacturing Output s ince  1960" in  P a r t  I1 of th i s  r e p o r t . )  Some of th i s  infor- 
mation i s  r ep roduced  in Figures  9-11. 

Figure 9 shows t h a t  in  t h e  near ly  two decades  p r i o r  to t h e  f i r s t  oil p r i c e  
shock only a few of t h e  energy-intensive industries had long-term slow growth. 
These were  pr imary metals (because of t h e  slowdown in s t ee l ) ,  cement, and also,  
but not  shown in t h e  f igures ,  food and kindred products .  However, a f t e r  t h e  mid- 
1970s,  t h e  change w a s  dramatic.  The growth lag between s t e e l  and  to ta l  manufac- 
turing accen tua ted  sha rp ly ,  and near ly  all of t h e  energy-intensive industries 
tu rned  to slow growth. This includes petroleum refining,  aluminum (a fo rmer  v e r y  
fast-growth industry),  and most inorganic chemicals. A t  t h e  same time bas ic  s r g a n -  
i c  chemicals ( that  include petrochemicals)  were s t i l l  expanding f a s t e r  than to ta l  
manufacturing - but  no longer  at as wide a margin than e a r l i e r .  This and how t h e  
recess ion of t h e  e a r l y  1980s a c c e l e r a t e d  t h e  decline of t h e  energy-intensive indus- 
t r i e s  may b e  s e e n  from Figures 9 ,  10,  and 11. 

S t - r u c t u r a l  C h a n g e s  Abroad 

The U S  w a s  not t h e  only coun t ry  with ailing, slow-growth energy-intensive indus- 
t r i e s .  S teel ,  aluminum, and cement, f o r  example, a l so  declined in t h e  FRG and 
France,  a s  discussed in t h e  more detai led analysis of s t r u c t u r a l  changes  in P a r t  I1 
of th is  r e p o r t .  

The declining growth r a t e  of Western Europe ' s  chemical indust ry  was t h e  sub- 
j ec t  of a r e c e n t  s tudy of t h e  Organisation f o r  Economic Cooperation and Develop- 
ment (OECD) (1985). I t  emphasized t h e  "maturing of t h e  chemicals industry" caused 
by developments in petrochemicals,  where  

".. .substantial growth di f ferent ia l  t h a t  petrochemicals had long enjoyed 
by comparison with most o t h e r  industrial  s e c t o r s  narrowed s h a r p l y  from 
t h e  end of t h e  1960s  onwards. Gradual sa tura t ion of t h e  main marke t s  
coupled with slower genera l  economic growth no doubt explains t h e  v e r y  
much slower growth in demand o v e r  t h e  pas t  t e n  years ."  

The OECD s t r e s s e d  t h a t  the  t w o  oi l  p r i c e  shocks  of t h e  1970s, and t h e  changes  
they brought  about  in t h e  oil  p r i c e  market ,  has tened t h e  maturing p r o c e s s  in t h e  
petrochemicals markets  t h a t  began (in Western Europe)  a t  the  end  of the  1970s. 
Other f a c t o r s  playing a r o l e  in th is  maturing p rocess  a r e  t h e  limits t o  substi tut ion 
and in some, v e r y  limited, c a s e s  t h e  r e v e r s a l  of substi tut ion,  such as t h e  introduc- 
tion of r ad ia l  t i r e s  requir ing a g r e a t e r  propor t ion of na tu ra l  r u b b e r .  Besides 
petrochemicals,  t h e r e  w a s  a l so  a slowdown in t h e  production of inorganic chemi- 
ca ls ,  f o r  example in F rance ,  discussed in P a r t  11. S e e  also Appendix Table 1 0  f o r  
t h e  growth of US organic  and inorganic chemicals. 



Total 
Manufacturing 

150 C Index Numbers, 1970 = 100 I 

Primary 
Paper 

Petroleum 
Refining 
Cement 

Lumber 

Primary 
Metals 

FIGURE 9. US. Energy-intensive industries (excluding chemicals), production 
g r o w t h .  

Total 
Manufacturing 

Aluminum 

Copper 

Crude Steel 

I I I I I I I 
1954 1960 1965 1970 1975 1980 1984 

FIGURE 10. US. Pr imary metals, production growth. 



Index Nwnbon. 1970 - 100 

Total 
I Chemicals 

Basic Organic 

Ethylene 

Total 
Manufacturing 

Petroleum 
Refining 

Alkalies and 
Chlorine 

Synthetic 
Rubber 

FIGURE 11. US. Chemicals, petroleum refining, production growth. 

There  a r e  many reasons  f o r  an  industry 's  stagnation, decline, o r  growth. 
Most energy-intensive industries produce primary material; these  a r e  di rect ly  af-  
fected by any changes in investments f o r  in f ras t ruc tu re  development. During t h e  
la te  1960s and ea r ly  1970s, in f ras t ruc tu re  operat ions  x e r e  primarily concerned 
with maintenance and r e p a i r  of bridges,  tunnels, and roads  r a t h e r  than with expan- 
sion. The switch led t o  d e c r e a s e s  in primary metals, s tone and e a r t h ,  and ce r ta in  
basic chemicals. Another f a c t o r  contributing t o  the  decline of energy-intensive 
industries i s  t h e  substitution of l igh te r  f o r  heav ie r  materials .  Other changes in 
t h e  industrial  s t r u c t u r e  a r o s e  from growing affluence and t h e  concomitant changes 
in t a s tes  and habits;  the  migration of industries abroad (aluminum); and the  pene- 
t ra t ion of domestic markets  by c h e a p e r  imports, like those  which exacerba ted  the  
plight of the  automobile and t h e  aging s t e e l  industries,  while near ly  wiping out such 
nonenergy-intensive industries as l e a t h e r  and shoes.  

3.3. Technology Changes 

The technology changes considered f o r  th is  analysis a r e  limited t o  e x e r g y  s a v i n g  
t e chno tog i e s .  These embrace a l l  means designed t o  improve t h e  efficiency with 
which energy is used. This ranges  from process  technology (e.g., t h e  switch from 
open h e a r t h  t o  e lec t r i c  s t e e l  production and continuous casting) t o  housekeeping 
measures (e.g., cleaning and repair ing of the  flues). Some of t h e  important, 
changes in p rocess  technology, adopted by t h e  energy-intensive industries,  a r e  
summarized belovr. 



Steel. In 1960, most American s tee l  was st i l l  made by the  open-hearth method 
(88%), while e lec t r i c  furnaces  (8.5%) and basic oxygen (3.5%) a l ready known were 
not yet  applied on a la rge  scale.  Open-hearth w a s  gradually displaced - at f i r s t  
mainly by basic oxygen and t o  a l esse r  ex ten t  by e lec t r i c  s tee l .  By t h e  mid 1970s, 
both open-hearth and basic oxygen yielded t o  e lec t r i c  steel .  I t s  breakthrough 
coincided with t h e  proliferation of mini-mills. The resu l t  w a s  t h a t  by 1984 only 9X 
of s teel  w a s  produced by open-hearth,  57.1% by basic oxygen, and 33.9% in e lec t r i c  
furnaces.  

Other important changes tha t  coincided with e lec t r i c  s tee l ' s  market penetra-  
tion were t h e  growing input of s c r a p  and t h e  wider adoption of continuous casting. 
The l a t t e r  was a lso  known a l ready  in t h e  1960s o r  e a r l i e r ;  but  in 1975 i t s  s h a r e  in 
total  s t ee l  production w a s  s t i l l  below 10%; while by 1984/1985 i t  had r isen t o  40%. 

These various changes in technology caused sizeable reductions in t h e  r e -  
quirements of f b e l s  p e r  unit of output while at t h e  same time raising those  of elec- 
t r i c i t y .  This explains why t h e  amounts of final, purchased energy f o r  h e a t  and 
power have increased from 11.33 million Btu p e r  s h o r t  ton of s t e e l  in 1974 t o  11.46 
million Btu in 1 9 8 2 . ~  

In terms of primary energy equivalents t h a t  include e lect r ic i ty  losses in gen- 
era t ion and distr ibution,  and fuels used as r a w  materials  (coking), t h e  aggrega te  
energy requirements p e r  ton of c r u d e  s tee l  increased even a l i t t le more, from 23.6 
million Btu in 1974 t o  24.1 million Btu in 1980 (see Table 6).7 

Aluminum.  A new process ,  said t o  reduce  t h e  e lect r ic i ty  requirements from 
today's bes t  of 13.3 kJVh p e r  kilogram of primary aluminum by as much as 17 t o  25%, 
i s  known. This technology has  not ye t  penetra ted t h e  market  and t h e  presently ap- 
plied technology f o r  primary aluminum smelting pre-dates t h e  1970s. However, a 
technological change not t o  be  overlooked is  t h e  increasingly growing use of 
sc rap .  Similar t o  what happened in t h e  s t e e l  industry,  i t  began in t h e  mid-1970s, 
and again similar t o  s t ee l  i t  entailed rogress ive  use of e lect r ic i ty  t o  rep lace  fuels Ii in the  remelting of ingots and s c r a p .  Consequently, t h e  requirements of final pur-  
chased energy f o r  h e a t  and power p e r  s h o r t  ton of aluminum decreased  from 75.27 
million Btu p e r  s h o r t  ton in 1974 t o  69.07 million Btu in 1980. But with t h e  e lect r i -  
ci ty recalculated into primary energy equivalents, t h e  d e c r e a s e  w a s  only from 
169.2 million Btu in 1974 t o  163.5 in 1984 (see again Table 6) .  

Copper .  Since t h e  mid-1970s, copper  like s t e e l  and aluminum favored increas- 
ingly t h e  input of s c r a p .  This brought  about a substantial  d e c r e a s e  in primary 
copper ' s  fuel requirements and progress ive  input of e lect r ic i ty .  Consequently, the  
input of final purchased energy  f o r  h e a t  and power decreased  from 47.30 million 
Btu p e r  s h o r t  ton in 1974 t o  37.29 million Btu in 1980. With e lect r ic i ty  recalculat-  
ed  t o  primary energy equivalents, t h e  decrease  w a s  smaller ,  from 53.6 million Btu 
p e r  ton in 1974 t o  47.1 million Btu in 1980 (see again Table 6) .  

Chemicals  a n d  All ied.  Not much is  known of t h e  implantation of new technolo- 
gies t o  change energy productivities, excep t  f o r  t h e  important housekeeping meas- 
u res  adopted by t h e  industry since mid-1974. Given t h e  diversi ty of t h e  industry 's  

reference y e a r s  1974 and 1980 were se lec ted  because of data availability for s t e e l  and other 
energy-lntensive industries. 

7 ~ l e c t r i c l t y  In terms of prlmary energy equivalents represents  the energy required for Its pro- 
d u c t ! ~ ~ ~ ,  estimated a t  I kwh - 10,236 Btu. Whereas final, purchased e l e c t r i c i t y  i s  cotlverted t o  Btu 
on the basis  of the heat i t  g i v e s  out, estimated a s  1 kTJlh = 3412 Etu .  

'see also discussion of new, e lectricity-saving technology for prinlary alumitttui~ snlcltlng In US 
Bureau of Mines (1981). 



TABLE 6. US. Selected industries growth of energy  productivity, 1974 to 1980 (technology f a c t o r  only). 

SIC Industry 

331, 332 S tee l  (excl. waste fuels) 
3334 Aluminum, primary 
3331 Copper,  primary 
28 Chemicals and allied 
2911 Petroleum refining 
261,262, Pr imary p a p e r  (excl. 
263 reci rcula ted,  waste fuels) 
3241 Cement 

Energy Productivity Coefficient, 
Based on: 

Purchased Energy Aggregate Energy 
f o r  Heat and (primary energy  
Power (final) equivalents) 

Million BTU p e r  S h o r t  Ton 
1974 1980 1974 1980 

Annual Growth of Energy Productivity 
(compound), Based on: 

Aggregate, 
Purchased,  Primary Energy 

Final Energy Equivalents 

P e r c e n t  P e r c e n t  
1976-1980 1974-1980 

a - 1000 BTU per dollar sa l e s  values, excluding e lectr lc l ty  purchases by government operatod 
lants. - mllllon BTU per barrel rellned. 
SOURCE2 S e e  case  studlos In Part I1 of th l s  report; note converslon from flnal t o  aggregate 
energy. 



products ,  output aggregat ion in terms of quanti t ies was not feas ible .  For  this  r ea -  
son, the  industry 's  production w a s  measured in terms of g r o s s  output  values 
represen ted  by sa les  (shipments) at 1972 p r i ces .  

This i s  not  a v e r y  sa t i s fac to ry  measure,  as t h e  aggregated sa les  values tend t o  
b e  dis tor ted  by t h e  f requency of intra-industry sa les .  But as indicated by the  
r e s e a r c h  in P a r t  I1 of th i s  r e p o r t ,  t h e  growth t r e n d s  of t h e  "gross output1' and 
"value added" did not  substantial ly d i f fer .  

Moreover,  t h e  energy  input by product  g roups  o r  subindustries i s  not avail- 
ab le  - hence t h e  energy  input/chemicals output  r a t i o  could only b e  established at 
t h e  level of t h e  chemicals industry as a whole. This indicated t h a t  in t e rms  of final, 
purchased energy  f o r  h e a t  and power t h e  requirements  p e r  do l l a r  sa les  values 
(1972 p r i ces )  dec reased  from 44,300 Btu in 1974 to 37,800 Btu in 1980. However, 
with purchased e lec t r i c i ty  input recalcula ted  to pr imary energy  equivalents, and 
t h e  energy used as r a w  materials  (feedstocks) added,  t h e  aggrega te  e n e r g y  input 
increased from 81,500 Btu p e r  dol lar  sa les  values (1972 p r i ces )  in 1974 t o  82,500 
Btu in 1980. This i s  a ref lec t ion of t h e  growth of ene rgy  feedstocks  meeting with a 
decline of purchased energy  f o r  h e a t  and power, f o r  r easons  t h a t  a r e  not  quite 
c l e a r .  A s  noted by  t h e  DOE: 

"Feedstocks consumed p e r  unit of output  increased fa i r ly  steadily s ince  
t h e  mid-1960s. The reasons  f o r  th is  inc rease  in energy  intensity are un- 
c l e a r ;  however, prel iminary calculat ions suggest  t h a t  t r e n d s  in t h e  mix 
of organic  chemicals produced may b e  responsible1'  and "LPG feedstocks  
s h a r e  inc reased  markedly in r e c e n t  y e a r s  as t h e  p r i c e  of LPG declined 
re la t ive  to o t h e r  petroleum products" (US Department of Energy,  Energy 
Information Administration (1983). 

Fetroleum Ref ining.  Similar t o  what happened in t h e  chemicals indust ry ,  the  
major changes  in applied technology consist  in b e t t e r  housekeeping, designed to  
save  energy .  Accordingly, t h e  input of purchased energy  f o r  h e a t  and power 
d ropped  from 318.0 million Btu p e r  b a r r e l  ref ined in 1974 t o  221.3 million Btu in 
1980. This i s  a remarkable  savings, t h e  more so as t h e  d a t a  were  not adjus ted  f o r  
t h e  increased energy  input r equ i red  by changes  in output  mix, c r u d e  supply,  and 
anti-pollution measures.  However, with t h e  addition of feedstocks ,  t h e  savings be- 
come more modest. Aggregate energy  input, in pr imary energy  equivalents, fel l  
f rom 616 million Btu p e r  b a r r e l  refined in 1974 to only 563 million Btu in 1980. A s  
in t h e  c a s e  of chemicals, t h e  decline of purchased  energy  f o r  h e a t  and  power met 
with a n  inc rease  of feedstocks.  

P r i m a r y  Paper. The t rans i t ion t o  "self-generated" o r  ll;vaste fuels1' h a s  en- 
tai led significant savings in fossi l  fuels. Requirements of purchased  energy  p e r  
s h o r t  ton of pr imary p a p e r  (pulp, p a p e r  and board)  have declined from 20,710 mil- 
lion Btu in 1974 to 17,330 million Btu in 1980.' A t  t h e  same time t h e r e  w a s  a n  in- 
c r e a s e  in t h e  e lec t r i c i ty  requirements  p e r  unit of output - much of i t  met by 
cogeneration.  Hence t h e  purchased  energy  demand f o r  h e a t  and power, in t e rms  of 
pr imary energy  equivalents,  a lso  dec reased  from 23 million Btu p e r  s h o r t  ton of 
primary p a p e r  in 1974 t o  19 .3  million Btu in 1980. 

Cement. There  i s  a potential  f o r  ene rgy  savings in t h e  t rans i t ion from t h e  
"wet" to t h e  "dry" p rocess .  The d r y  p rocess ,  though known, did not x ~ i n  much 
marke t  penetra t ion in t h e  1970s. And t h e  requirements  p e r  s h o r t  ton  of cement 
dec reased  only from 5.96 million Btu in 1974 t o  5.10 million Btu in 1980. With pro-  
g ress ive  e lec t r i f ica t ion,  t h e  energy  demand in terms of pr imary energy  

 he decrease h a s  s ince  continued but conlparable data for the energy it~put/manufacturing output 
ratio are not available. 



equivalents dec reased  somewhat less,  from 6.8 million Btu in 1974 t o  5 .9  million Btu 
in 1980. The si tuation changed in t h e  ea r ly  1980s,  when t h e  s h a r e  of cement 
plants,  using t h e  d r y  p rocess ,  increased significantly. Much of t h e  inc rease  came 
from t h e  shutdown of " ~ ~ e t "  plants,  succumbing t o  the  high c o s t  of oil and gas  and 
fo rced  ou t  of opera t ion by t h e  recession.  

The analysis of t h e  five most energy-intensive indust r ies  h a s  shown t h a t  t h e  
impact of t h e  technology f a c t o r  on energy requirements  p e r  unit of output meant: 
- Decrease  of purchased energy  f o r  h e a t  and power, especial ly f o r  fossi l  fuels. 

- Inc rease  in purchased e lec t r ic i ty .  
- Inc rease  of feedstocks  (chemicals and petroleum refining). 

4. SEPERATION OF STRUCTURE AH13 TECHNOLOGY EFFECTS 

4.1. Analysis, 1958-1980 
In t h e  preceding section major changes  in s t r u c t u r e  and technology vier reviewed, 
and t h e  energy  inputjmanufacturing output r a t ios  were compiled f o r  individual, 
energy-intensive industries.  Whereas th is  p a r t  of t h e  analysis  is  concerned with 
t h e  impact of s t r u c t u r e  as dist inct  from technology on t h e  energy  requirements  
p e r  unit of output of t h e  manufacturing s e c t o r  a s  a whole. Consequently, t h e  d a t a  
base  d i f fe r s  from t h a t  used in t h e  e a r l i e r  section in these  respec t s :  i t  c o v e r s  t h e  
pre-1974 per iod,  and al l  (not se lec ted energy-intensive) indust r ies  at t h e  two-digit 
level  of t h e  SIC (not t h e  more detai led three-digit  level  used e lsewhere  in th is  
study). Moreover, all output  i s  measured by sa les  values a t  1972 p r i c e s  from t h e  
IIASA d a t a  bank 1958-1980, provided by t h e  US Department of Commerce. The 
values f o r  to ta l  manufacturing from this  s o u r c e  a r e  t h e  same as t h e  '%lanufactur- 
ing Real  Output at 1972 Pr ices"  shown in US Department of Energy/Energy Tnfor- 
mation Administration (1983). 

The availability of purchased energy  from t h e  Census determined t h e  selec- 
tion of r e f e r e n c e  y e a r s  1958,  1967,  and 1974, while 1980 w a s  se lec ted because  i t  
w a s  t h e  last y e a r  in o u r  d a t a  bank of production values. 

The var iables  used f o r  t h e  analysis a r e  to ta l  and major energy-intensive in- 
dust r ies '  g r o s s  output  1958-1980; ene rgy  requirements in pr imary equivalent  of 
purchased energy  f o r  h e a t  and power plus energy  used as r a w  materials  f o r  s t ee l ,  
petrochemicals,  and petroleum refining (see Table 7). 

For  t h e  decomposition into s t r u c t u r e  and technology e f fec t s ,  we used t h e  fol- 
lowing equations: 

s t ruc ture  technology (res .  ) 

s t ruc ture  ( r e s .  ) technology 

where JU is  t h e  s h a r e  of a n  industry in to ta l  manufacturing output  a t  constant  
p r i ced  (1972) sa les ;  e i s  t h e  energy  (Btu) s h a r e  of a n  industry in to ta l  manufactur- 
ing energy input; and o and t r e f e r  t o  r e f e r e n c e  periods.  



TABLE 7. US. Manufacturing industries.  Aggregate energy  input {primary 
equivalents) and g ross  output (sales a t  1972 prices) ,  1958-1980, selected years .  

SIC Industries 1958 

Aggregate Energy Input* 
26 P a p e r  892 
28 Chemicals 293gE 
29 Petroleum and coal products 196gE 
3 2 Stone, clay and glass 1033 
33 Primary metals ~ 8 9 8 ~  

Other industries 2759 

2-3 Total manufacturing 12490 

1967 1974 1980 
. - - 

Trillion Btu 
1332 1609 1618 
5463 6082 
3137 3126 
1363 1532 1330 
4175~ 5120 4329 
4234 5255 5062 

1 Gross Output 

P a p e r  
Chemicals 

1 :; Petroleum and coal products  
Stone, claye and glass 

I 33 Primary metals 
I Other industries 
! 
1 2-3 Total manufacturing 

Billion Dollars (1972) 

*Purchased energy for heat and power p l u s  feedstocks. 

%stimated. 

Equation (1) (Paasche type index) uses  changing output  s t r u c t u r e s  and a con- 
s t a n t  energy input s h a r e .  Equation (2) (Laspeyres type index) uses  constant  out- 
put s t r u c t u r e s  and changing energy input s h a r e s .  There  a r e  c a s e s  where t h e  
selection of the  equation might bias t h e  resul ts .  This methodological a s p e c t  w a s  
discused in some detail  in S t e r n e r  (1985). However, in cases  where industry 
growth r a t e s  and energy  intensity d o  not change dramatically, one would not  ex- 
pec t  significant differences.  ::'e r a n  both equations and found not much di f ference 
in t h e  resul ts .  They a r e  given below. 

x 0.89 - 0.90 Decreasing energy  intensity ent i re ly  - 
due t o  technology; almost no s t r u c t u r a l  

x 0.90 - 0.90 impact. - 

X 0.967 - 1.03 Slightly increasing energy  inten- - 
si ty,  due t o  s t r u c t u r a l  impact; while 

x 0.97 - 1.03 technology s t i l l  dec reases  energy  - 
intensity. 

x 0.94 - 0.88 Equal impact on decreas ing energy  - 
x 0.94 - 0.88 intensity by s t r u c t u r a l  change - 

and technology. 



A presentation of s t r u c t u r e  and technology impacts, in terms of annual growth 
r a t e s ,  i s  given in Section 5 ,  Table 12,  f o r  both energy and e lect r ic i ty  intensity. 
This shows t h a t  between 1958 and 1967, t h e  energy  intensity of the  manufacturing 
s e c t o r  decreased  by 1.2% p e r  y e a r  (all growth r a t e s  a r e  annual compound, not an- 
nual averages) .  S t r u c t u r a l  changes had almost no impact, and decreas ing energy 
intensity resul ted from changing technology. Between 1967 and 1974, t h e  situation 
w a s  r eversed .  Energy intensity of t h e  manufacturing s e c t o r  r o s e  slightly by 0.4% 
- with s t r u c t u r a l  changes  having a s t r o n g e r  impact than technology. However, 
between 1974 and 1980 t h e  sec to r ' s  energy  intensity decreased  substantially by as 
much as 2.2% p e r  y e a r ;  and f o r  t h e  f i r s t  time s t r u c t u r a l  change w a s  pushing down 
energy intensity, and th is  at t h e  same r a t e  as the  technology f a c t o r .  

4.2. Evaluat ion  o f  R e s u l t s  
The analysis h a s  shown t h a t  between 1974 and 1980, t h e  total  input of a l l  forms of 
energy (aggregate  energy  input in terms of primary equivalents) p e r  r e a l  g r o s s  
output (sales values at 1972 pr ices)  decreased  by 2.2% year ly  in t h e  U S  manufac- 
turing s e c t o r  as a whole. This a g r e e s  with the  findings on decreas ing energy inten- 
si ty compiled from t h e  DOE total  primary energy consumption and t h e  FRB produc- 
tion indices, discused e a r l i e r  (see again Appendix Table 1) .  I t  i s  a lso  ve ry  close t o  
the  growth r a t e s  implicit in energy consumption p e r  industrial  output (2.1% annual 
decrease )  compiled by t h e  DOE/DRI r e s e a r c h  (see again Appendix Table 4). More- 
over ,  t h e  equal s h a r e  of t h e  impact of s t r u c t u r a l  and technological change was 
also observed in t h e  r e s e a r c h  of Hirst  e t  al .  (1983) who found tha t  by 1981  the  
slowdown in economic activity accounted f o r  about half of t h e  a p p a r e n t  reduction 
in energy consumed by industry,  and t h a t  t h e  responsibility f o r  t h e  remainder w a s  
s h a r e d  about equally by shi f ts  in output mix and acce le ra ted  efficiency gains 
(technology f a c t o r )  (Marley, 1984; Boyd, 1987). 

On t h e  o t h e r  hand, in t h e  r e s e a r c h  based on Census d a t a  f o r  purchased ener -  
gy f o r  h e a t  and power only, discused in Section 2.2, t h e  s h a r e  of s t r u c t u r e  effects  
is estimated t o  have been lower than t h a t  of technology. For  example, in t h e  
DOEjEIA work (US Department of Energy,  Energy Information Administration 
(1983), presented by \CTerbos, t h e  impact of s t r u c t u r e  on decreas ing energy inten- 
s i ty  w a s  estimated as about  33% f o r  the  1974-1981 period.  In t h e  r e s e a r c h  of Samu- 
e ls  e t  al.  (1984), the  s t r u c t u r e  s h a r e  in decreasing e lect r ic i ty  intensity w a s  even 
lower f o r  t h e  1975-1976 years .  

For  t h e  1980-1984 per iod,  t h e  analysis would probably  have shown a sti l l  
s t r o n g e r  d e c r e a s e  in t h e  energy  intensity f o r  t h e  manufacturing s e c t o r  as a whole. 
This argument i s  based on the  developments in t h e  industry s e c t o r  a f t e r  1980 (see 
again Figure 2) and t h e  assumption t h a t  energy productivity in industry could 
s e r v e  as a guide f o r  manufacturing, f o r  which c u r r e n t  da ta  a r e  no longer avail- 
able. I t  i s  a lso  assumed t h a t  in this productivity growth, t h e  s h a r e  of s t r u c t u r a l  
change should have been at l eas t  as high, if not h igher ,  than t h a t  of t h e  technology 
fac to r .  This assumption i s  suppor ted by t h e  observation tha t  during the  1980-1984 
cycle,  many of the  energy-intensive industries were more vulnerable t o  t h e  reces-  
sion and made a slower recovery  than the  r e s t  of t h e  manufacturing s e c t o r .  Thus, 
as energy-intensive industries recede ,  and t h e  industries with lower energy r e -  
quirements and high value-added potential  augment, t h e  energy requirements of 
the  s e c t o r  as a whole p e r  constant p r iced  dol lar  a r e  bound t o  decrease .  



4.3. Energy Intensity in Developed and Developing Economies 
Rising energy  productivity, o r  conversely,  decreas ing energy intensity w a s  also 
observed in o t h e r  developed economies, as f o r  example the  FRG, France ,  Japan,  
and t h e  UK1s industry s e c t o r .  Jenne and Cattel l  (1983) axamined t h e  change in t h e  
r a t i o  of ene rgy  consumed t o  industrial  production in t h e  UI< o v e r  t h e  y e a r s  1968- 
1980 and found t h a t  during t h e  1970s s t r u c t u r a l  change w a s  a major cause  of t h e  
fall in t h e  energy/output r a t i o  of t h e  UK manufacturing industry.  S t r u c t u r a l  
changes,  as defined f o r  t h e i r  analysis, r e l a t e  to t h e  demand s ide  and manifest 
themselves in the  shifting product  mix at t h e  micro level  and in t h e  changing indus- 
t r i a l  s t r u c t u r e  at  t h e  macro level. 

In con t ras t  t o  o lde r  industrial  socie t ies  S t e r n e r  (1985), in h is  study on t h e  en- 
e r g y  use in Mexican industry,  found a n  inc rease  in energy  use  re la t ive  to  produc- 
tion. This inc rease  o c c u r r e d  at a time (1975-1981) when Mexican industry w a s  pro- 
vided with plentiful and inexpensive (subsidized) oil. The a u t h o r  decomposed t h e  
inc rease  in energy intensity into a s t r u c t u r a L  (output composition) and a techno- 
LogicaL component, concluding tha t  "s t ructura l  changes  cannot  explain t h e  in- 
c r e a s e d  energy intensity found". 

Obviously, t h e  substi tut ion of ene rgy  f o r  t radi t ional  prime movers and s o u r c e s  
of h e a t  as well as t h e  transit ion from tradit ional  t o  commercial ene rgy  supplies 
have played a r o l e  in raising t h e  country 's  ene rgy  intensity more than s t r u c t u r a l  
changes.  

5. ROLE OF ELECTRICITY 

5.1. Growth and Distribution of Electricity Purchases 

Growth 

Census publications of deta i l s  have var ied  o v e r  t h e  yea r s :  classif ication changed 
in 1974 f o r  industrial  chemicals; and annual d a t a  a r e  lacking f o r  t h e  pre-1974 
and post-1981 y e a r s .  The analysis concen t ra tes  mainly on t h e  1974-1981 per iod 
f o r  these  reasons .  

Compared t o  1974, t h e  peak y e a r  of t h e  manufacturing s e c t o r ' s  to ta l  ene rgy  
purchases  f o r  h e a t  and power, 1981  w a s  

13.7% b e l o i ~  1974 f o r  fuels and e lec t r ic i ty ;  
18.5% below 1974 f o r  fuels;  and  
7.6% above 1974 f o r  e lec t r ic i ty .  

Purchased  e lec t r i c i ty  h a s  tradit ionally grown f a s t e r  than purchased  fuels  f o r  
h e a t  and power. I t  h a s  a lso  continuously been p r e f e r r e d  o v e r  self-generated elec- 
t r ic i ty .  See  t h e  growth of purchased fuels  f o r  h e a t  and power, purchased  e lec t r i -  
ci ty,  and self-generated e lec t r ic i ty  minus sa les  in Figure 12.  

As a r e s u l t  of t h e  f a s t e r  growth of purchased a lec t r i c i ty ,  i t s  s h a r e  in to ta l  
purchased energy  q u a n t i t i e s  f o r  h e a t  and power h a s  grown from 10.5% in 1958 t o  
13.2% in 1971  and 19.7% in 1981. 

Because of t h e  h igher  p r i c e  p e r  Btu of del ivered e lec t r i c i ty  compared t o  t h a t  
of fossi l  fuels ,  t h e  s h a r e  of e lec t r ic i ty  in to ta l  purchased energy  costs  (in c u r r e n t  
p r i ces )  i s  much h igher .  I t  r o s e  from 44.0% in 1958 to  48.5% in 1971. But with t h e  
slower growth of e l ec t r i c i ty  p r i c e s  as compared to  those  f o r  fossil fuels ,  par t icu-  
lar ly  petroleum and gas ,  t h e  r a t i o  fel l  t o  44% in t h e  1970s,  followed by a slow lif t  
upwards t o  46.1% in 1981 (see Table 8).  
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FIGURE 12. US. Manufacturing s e c t o r .  The growth of purchased fuels and e lect r i -  
ci ty f o r  h e a t  and power and self-generated e lect r ic i ty  minus sa les .  

The da ta  in Table 8 include e lect r ic i ty  f o r  government plants operat ing in SIC 
291 - organic chemicals; t h e i r  1981 purchases  amounted t o  23.21 billion kLVh (80 
trillion Btu). Because of fluctuating needs t h a t  a r e  not r e la ted  t o  t h e  business cy- 
c le ,  i t  i s  p re fe rab le  t o  exclude government's e lect r ic i ty  purchases .  With th is  ex- 
clusion, t h e  s h a r e  of e lect r ic i ty  a s  a percentage of the  p r iva te  s e c t o r ' s  to ta l  ener-  
gy purchases  f o r  h e a t  and power increased from 9.8X in 1950 t o  19.5% in 1981. 

B s f r i b u t i o n  

The growth of e lect r ic i ty  sa les  (kwh) t o  manufacturing industries a t  t h e  disaggre- 
gated level of t h e  SIC and f o r  the  y e a r s  1967, 1971, and 1974-1981 annually is  
shorvn in Appendix Table 11 .  For a summary by industry and y e a r  s e e  t h e  percen- 
tage s t r u c t u r e  in Table 9.  This points out t h e  f a c t  t h a t  the  distr ibution p a t t e r n  is 
marked by high concentra t ion at t h e  top.  Nearly one-half of 1981 e lect r ic i ty  sa les  
went t o  only two industries: SIC 3 3  - primary metals (25%) and SIC 28 - chemicals 
(20%). These industries a lso  absorbed  near ly  50% of the  aggrega te  e n e r g y  input 
(see again Appendix Table 2). 

There  is, however, th i s  difference:  SIC 29 - petroleum and coal  products  ac- 
counting f o r  o v e r  16'1 of a g g r e g a t e  e n e r g y  input t ake  a much smaller  s h a r e  (under 
52) of p u r c h a s e d  e l e c t r i c i t y ;  f o r  t h e  remaining ''high" and "medium" energy- 
intensive industries,  t h e  pe rcen tage  s h a r e s  sholu a mnch lower s p r e a d  than w a s  the  
case  fo r  aggrega te  energy input. Notwithstanding this d i f ference,  the  f a c t  
remains t h a t  the  fast-growth industries command only a relat ively low s h a r e  of 
e lect r ic i ty  sales,  whereas the  s h a r e  of slow-growth industries weighs heavily in to- 
tal e lect r ic i ty  sa les .  Cutbacks in these  industries '  production volume, because  of 
the  recession and s t r u c t u r a l  changes,  : e r e  the  determining f a c t o r  f o r  t h e  slow- 
down of e lect r ic i ty  sales t o  the  manufacturing s e c t o r  a s  a whole. 



TABLE 8. US. The s h a r e  of e l ec t r i c i ty  in to ta l  ene rgy  purchased by industry f o r  
hea t  and power. 

Quantities Cost 
F+E E 

I 1 
F+E* E* E/'F+E (million US$) E/F+E I 

Year (trillion Btu) (9.1 ( c u r r e n t  p r i ces )  (9.) 1 
- 4  

*F+E - t o t a l  energy; E - electricity. 
AOTE: E l e c t r i c i t y  conver ted  from kWh t o  Btu equivalent  on t h e  b a s i s  of 1 kwh - 3412 Btu. 
SOURCES: Y e a r s  1958-1971, s e e  Census  o f  Manufactures NC 82-5-4, P a r t  1, pp. 4-7; 1972-1978 see 
MC 82-S-4 and earliexT i s s u e s .  Covernnlent operated plants  included. 

The importance of a few, se lec ted  industries f o r  t h e  growth of t h e  s e c t o r ' s  to- 
ta l  e lec t r ic i ty  purchases  was a lso  emphasized by t h e  IEA (1985) in t h e i r  "bottom 
up" analysis  of t h e  impact of i n d u s t r i a l  s t r u c t u r a l  c h a n g e s  on t h e  e lec t r i c i ty  
demand in member countries.  The s tudy s t r e s s e d  t h a t  "electr ici ty demand will be  
much influenced by changes  in t h e  re la t ive  growth of t h e  indust r ies  which (in t h e  
member countr ies)  use  709. of t h e  e lec t r i c i ty  in  t h e  manufacturing sec to r :  i r o n  and 
s tee l ,  nonferrous  metals, primarily aluminum, chemical products ,  pulp, p a p e r  and 
printing, and machinery". (In America, these  industries used 54% of purchased 
e lec t r ic i ty  in 1981.) Looking t o  t h e  fu tu re ,  t h e  IEA states t h a t  "although f u t u r e  
res t ruc tu r ing  t r e n d s  a r e  difficult t o  p red ic t ,  i t  seems likely t h a t  t h e r e  will b e  a 
continued slower than a v e r a g e  growth f o r  the  i r o n  and s t e e l  and text i les  industries 
and f a s t e r  than  a v e r a g e  growth f o r  t h e  chemical and metal products  industries". 
These observations on  s t r u c t u r a l  changes  in IEA member countr ies '  indust r ies  tend 
to  a g r e e  with o u r  analysis of t h e  US, e x c e p t  f o r  chemicals where  we found t h a t  t h e  
g a p  in growth r a t e s  between to ta l  manufacturing and to ta l  chemicals was narrow- 
ing. 

5.2. Changes in Electricity Intensity 

Total  ~ U a n u f a c t u r i n g  

Historically, t h e  e lec t r i c i ty  intensity (input of purchased e lec t r ic i ty  p e r  manufac- 
turing output)  w a s  genera l ly  rising. This i s  in c o n t r a s t  to t h e  e n e r g y  intensity. 
However, t h e  r ising t r end  of eLec tr ic i t y  intensity finally ended in t h e  mid-1970s, 
when fo rmer  growth yielded t o  a sl ight  decline. In terms of yea r ly  growth r a t e s ,  



TABLE 9. US. Elect r ic i ty  sa les ,  distr ibution by industries.  

Elect r ic i ty  Sales  (quantities) ( X )  
I SIC Purchasing Indust r ies  1967 1974 1980 1981 

1 23 Chemicals and allied* 22.3 20.1 20.0 20.0 

I 
33 Primary metals 25.6 26.4 24.6 25.0 
29 Petroluem and coal  products  4.2 4.2 4.9 4.9 
26 P a p e r  and allied products  6 .O 6.6 7.5 7.8 
32 Stone,  clay and glass  products  4.6 4.6 4.6 4.5 
20 Food and kindred products  5.7 6.0 7.5 6.2 

I 1. High energy intensive 68.4 67.9 68.9 68.4 1 
37 Transportat ion equipment 5.5 4.6 4.5 4.5 
35 Non-electrical machinery 3.9 4.6 4.6 4.9 
22 Textile mill products  4.7 4.4 3.9 3.8 
34 Fabricated metal products  3.4 4.1 3.8 3.8 
36 Elect r ic  and e lec t ronic  

equipment 4.4 4.0 4.1 4.2 
30 Rubber  and plast ic products  2.4 3.1 3.3 3.4 
24 Lumber and wood p roduc t s  1.7 2.4 2.2 2.2 

2. Medium energy  intensive 

27 Printing and publishing 
38 Instruments 
23 Apparel  
25 Furni ture  and f ix tu res  
39 Misc. manufacturing 
31 Lea ther  and products  
21 Tobacco manufactures 

1 3. Low energy intensive 5.5 4.9 4.8 4.8 

Total Elect r ic i ty  Purchases  
I Billion KWh 427.5 616.7 659.5 665.8 1 Trillion Btu equivalents 1461 2104 2275 2272 

NOTE: Covert lment  o p e r a t e d  p l a n t s  Included. 
Summarized from Appendix T a b l e  11. 

t h e  e lec t r ic i ty  input in t h e  manufacturing s e c t o r  

increased 2.65% annual (compound) between 1958 and 1967; 

and increased 2.75% annual (compound) between 1967 and 1974; 

but dec reased  0.49X annual (compound) be ty~een  1974 and 1980. 

For  t h e  growth t r e n d s  of e lec t r ic i ty  intensity,  s e e  Figure 13 which i s  based on 
to ta l  manufacturing r e a l  g r o s s  output (sales values a t  1972 pr ices )  and purchased 
e lec t r ic i ty ,  excluding government o p e r a t e d  plants in t h e  chemical s e c t o r  (see Ap- 
pendix Tables 5 and 11). 

For  lack of c u r r e n t  da ta ,  t h e  s e r i e s  extend only through 1980. However, a 
continuation of the  d e c r e a s e  seems likely if one c a n  t ake  t h e  developments in t h e  
industry s e c t o r  as a guide. This assumption is  suppor ted  by the  indust ry  sec to r ' s  
e lec t r ic i ty  intensity, compiled from t h e  E T B  industrial  production index and t h e  
DOE elect r ic i ty  sa les  t o  indust ry  (see Figure 14, based on Appendix Tables 4 and 
11). This shows t h a t  a f t e r  1980, the  industrial  s e c t o r ' s  e l ec t r i c i ty  intensity con- 
tinued to d e c r e a s e  uninterruptedly  thrciugh the  199: recess ion and t h e  subsequent 
r ecovery .  Thus one may assume t h a t  e l ec t r i c i ty  intensity continued i t s  downward 
t r e n d  in the  manufacturing s e c t o r  a s  well. 
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FIGURE 13. US. Manufacturing s e c t o r .  The g r o l ~ t h  of e l e c t r i c i t y  in tens i ty .  P u r -  
c h a s e d  e l e c t r i c i t y  p e r  un i t  of manufacturing ou tpu t .  
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FIGURE 14.  Indus t ry  s e c t o r .  The growth  of e l e c t r i c i t y  in tens i ty .  P u r c h a s e d  e lec-  
t r i c i t y  p e r  uni t  of i ndus t r i a l  ou tpu t .  



Selected, ZLectricit y - In tens ive  I n d u s t r i e s  

Selected industries '  changes  in e lec t r ic i ty  intensity is  measured by t h e i r  e lec t r ic i -  
t y  requirement5 p e r  unit of output in 1971 (where available) ,  1974,  and 1981  (see 
Table 10) .  

F o r  the  s t e e l  indust ry ,  th is  shows t h a t  t h e  requirements  of purchased  e lec t r i -  
city- p e r  s h o r t  ton of s t e e l  rose 18.82 between 1971 and 1981. P e r  dol lar  sa les  
values, t h e  inc rease  was 17.2% between 1971 and 1980. (Comparable s a l e s  values 
a r e  not  available f o r  1981.) M a t e v e r  t h e  measure,  Table 1 0  shows t h a t  t h e  elec- 
t r i c i ty  intensity acce le ra ted  a f t e r  1974. This r e f l e c t s  t h e  t rans i t ion t o  e l e c t r i c  
s t ee l ,  and a lso  t h e  prol i fera t ion of mini-mills tha t  depend on purchased  e lec t r i c i ty  
as well a s  substi tut ion of ore by s c r a p .  

S c r a p  input a l so  gained importance f o r  o t h e r  pr imary metals, such a s  alumi- 
num and c o p p e r  smelting. However, these  industries '  e l ec t r i c i ty  intenzit)? 
remained virtually unchanged between 1974 and 1981. Kew, e lec t r i c i ty  saving 

TABLE 10.  US. Elect r ic i ty  requirements  p e r  unit of output in se lec ted  industries.  

Electricity Input per Short Ton Produced (kWh) 

Aluminum Copper  
Refining Refining 

Crude S t e e l  (primary) (primary) Cement P r imary  P a p e r  
Pur -  Pur -  Pur -  Pur -  Pur -  

Year chased Totala) chased chased chased Totala) chased Totala) l 

Electricity Input per Dollar of Sales Values (1972 prices)(kWh) 

I 

i Total Industrial  Chemicals Total 1 
I Stee l  Chemicals Inorganic Organic Manufac- I 

(SIC 331) (SIC 28) (SIC 281) (SIC 286) 1 Year Purchased  Purchased  Purchased  Purchased  Purchased  

1971  1.831 2.02 0.746 

' ) S e ~ f - ~ e n e r a t e d  p l u s  pureha., - ed  less s a l e s .  
SOURCE: See c a s e  s t u d i e s  i n  Part I1 o f  t h i s  r e p o r t .  



technologies a r e  known f o r  aluminum smelting but  not ye t  applied.  See  th is  a l r eady  
discused in Section 3.3. 

Cement production's  transit ion from a w e t  t o  a d r y  p r o c e s s  is re f l ec ted  in t h e  
requirements of purchased e lec t r ic i ty  p e r  s h o r t  ton produced,  which r o s e  by 15% 
between 1971 and 1991 bu t  only by 2.5X between 1974 and 1981. Pr imary p a p e r  
(pulp, p a p e r  and board)  purchased elect r ic i ty  input p e r  s h o r t  ton  produced r o s e  
strongly in t h e  e a r l y  1970s bu t  fell by 4.8% between 1974 and 1981. This d e c r e a s e  
could have resul ted  from a number of developments such a s  substi tut ion of pur-  
chased by self-generated e lec t r ic i ty ,  rec i rcula t ion of waste fuels and cogenera- 
tion. I t  could a l so  signify t h a t  production of mechanical p a p e r  ( for  which e lec t r i -  
c i ty  consti tutes t h e  major s o u r c e  of ene rgy)  had dec reased  in f avor  of p a p e r  pro-  
duced by t h e  chemical p r o c e s s  - which yields a higher  quality p a p e r ,  demands less  
e lec t r ic i ty ,  but  c r e a t e s  m o r e  environmental pollution. The solution t o  t h e  pollu- 
tion problem lies in substi tut ion f o r  some o r  al l  of t h e  problem-causing chemicals, 
su l fur  and chlorine.  This may imply a g r e a t e r  on-site use of e lec t r ic i ty ,  s ince  oxy- 
gen,  ozone (and chlor ine  dioxide) a r e  produced e lec t r ica l ly .  

For  t h e  chemicals indust ry  as a whole (SIC 28), t h e  e lec t r i c i ty  requirements  
p e r  dol lar  sa les  values (a t  1972 p r i ces )  dec reased  in t h e  1970s. This i s  a ref lec-  
tion of t h e  s t r u c t u r a l  changes  underway within t h e  industry,  namely, t h e  decline of 
t h e  electricity-intensive inorganic chemicals (SIC 281), discused in t h e  c a s e  study 
of t h e  chemical industries in Part I1 of th is  r e p o r t .  

The remaining indust r ies  ( total  manufacturing minus to ta l  pr imary metals, pa- 
p e r  and allied, s tone,  c lay  and  glass, and chemicals) exper ienced  near ly  continu- 
ous d e c r e a s e  of t h e i r  e l ec t r i c i ty  requirements p e r  dol lar  sales values by as much 
a s  17.7% between 1971  and 1980. 

An overal l  review of t h e  e lec t r i c i ty  input p e r  dol lar  sa les  values at constant  
p r i c e s  of 1972 f o r  se lec ted  manufacturing indust r ies  and t h e  s e c t o r  as a whole 
tends  t o  indicate t h e  following: 
- Sizeable inc rease  f o r  t h e  s t e e l  industry.  
- Not much change f o r  t h e  o t h e r  electr ici ty-intensive indust r ies  (aluminum and 

c o p p e r  refining, cement, pr imary paper ) .  
- Decrease  f o r  chemicals and allied, caused t o  some e x t e n t  by t h e  s t r u c t u r a l  

change in t h e  falling production of inorganic chemicals. 
- Decrease  f o r  t h e  remaining industries.  

The analysis  of t h e  se lec ted  electr ici ty-intensive industries tends  t o  s u p p o r t  
t h e  assumption t h a t  in t h e  1974-1980 per iod e lec t r i f ica t ion w a s  still progress ing - 
though at a much slower pace  than e a r l i e r .  h-ioreover, i t  can  b e  assumed t h a t  t h e  
s t r u c t u r e  ef fect ,  which tended t o  d e c r e a s e  e lec t r ic i ty  intensity,  became s t r o n g e r  
than t h e  technology fac to r .  This assumption i s  borne  out  by t h e  calculat ions dis- 
cused in Section 5.3. 

5.3. Separation of Structure and Technology Effects 

Purchased  e lec t r ic i ty ,  input quanti t ies,  and sa lcs  values at constant  p r i c e s  of 1972 
a r e  shown f o r  major, electr ici ty-intensive industries and t h e  manufacturing s e c t o r  
as a whole in Table 1 1 .  The separa t ion  of s t r u c t u r e  and technology e f fec t s  on t h e  
manufacturing s e c t o r ' s  demand f o r  purchased e lec t r i c i ty  i s  calculated xi th  the  
Paasche  and Laspeyres  type indices, which were  used f o r  t h e  separa t ion  of s t ruc -  
t u r e  and technology on t h e  energy intensity in Section 4.1. 

structure technology (res .  ) 



strlrcture (res. ) technology 

TABLE 11. US. Manufacturing industries.  Furchased  e lec t r i c i ty  input (excluding 
government o p e r a t e d  plants)  and g r o s s  output (sales a t  1972 p r i ces ) ,  1958-1980, 
se lec ted  yea r s .  
- - -- - 

[ SIC Indust r ies  
1 Elect r ic i ty  Input Billion kWh 

I 
Food, beverages  
Texti les 
Lumber, wood products  
P a p e r  
Chemicalsa 
Petroleum, coal  products  
Rubber ,  plast ics 
Stone,  clay,  g lass  
Pr imary metals 
Fabr ica ted metal products  
Nonelectric machinery 
E lec t r i c  machinery 
Transpor t  equipment 
Other  indust r ies  

/ 2-3 Total manufacturinga 200.3 401.6 587.9 633.7 
/ (281) (Government Plants)  (52.7) (26.1) (28.8) (24.4) 
I 

Gross  Input Billion Dollars (1972) 

Food, beverages  78 
Textiles 1 4  
Lumber, wood p roduc t s  13 
P a p e r  15 
Chemicals 2 3  
Petroleum 17 
Rubber ,  p las t ics  7 
Stone,  c lay ,  g lass  13 
Pr imary  metals 37 
Fabr ica ted metal products  3 0  
Nonelectric machinery 3 2 
E lec t r i c  machinery 2 1  
Transpor t  equipment 52  
Other  indust r ies  6 7  

Total manufac tu r inz  419 665 803 892 - 

%:;cludcs govetmnmrnt-operated platlts ! t i  SIC 281. 



where 3' is  t h e  output  s h a r e  of a n  industry in to ta l  manufacturing; e is  t h e  e lec t r i -  
c i ty  input s h a r e  of a n  industry in to ta l  manufacturing; and o and t r e f e r  t o  r e f e r -  
ence per icds .  

Again, both equations were r u n  with almost identical  resul ts .  They a r e  
presented below in t h e  form of annually compounded growth r a t e s .  A similar  
presenta t ion i s  made on t h e  e n e r g y  intansity, r e p e a t e d  from Section 4 .1  but  now 
also expressed  in terms of growth r a t e s  t o  fac i l i ta te  comparison (see Table 12).  
This shows t h a t  between 1974 and 1980, t h e  eLectrici ty  intensity of the  manufactur- 
ing s e c t o r  dec reased  f o r  t h e  f i r s t  time by one-half of a p e r c e n t  annually. This 
overa l l  decline was caused by t h e  downward push of t h e  s t r u c t u r e  e f fec t  (- 1.2X) 
being s t r o n g e r  than t h e  technology factor ' s  upward push (+ 0.7%). Sti l l  t h e  de- 
cline of t h e  e lec t r ic i ty  intensity (- 0.5%) w a s  much lower than t h e  decline of ene rgy  
intensity (- 2.2%) o v e r  t h e  same period.  

5.4. C o m p a r i s o n  w i t h  other R e s e a r c h  

The decreas ing e lec t r i c i ty  intensity of t h e  US industry s e c t o r  w a s  a l so  observed 
by Marlay (1985). Marlay est imates t h a t  f o r  mining and manufacturing combined, 
"sectoral  shi f ts  accounted f o r  67% of t h e  (e lec t r ic i ty  intensity) reduction f o r  t h e  
per iod 1972-1984. " Likewise, decreas ing e lec t r i c i ty  intensity in tTI< manufacturing 
was a l so  observed by Hankinson and Rhys (1983). Their  s tudy gives a n  analysis  of 
r e c e n t  t r e n d s  in indust r ia l  output and e lec t r ic i ty  consumption. Based on t h e  exam- 
ination of changes in t h e  manufacturing s t r u c t u r e ,  they e x p e c t  these  changes  t o  
have a "significant" e f fec t  on overa l l  consumption of e l ec t r i c i ty  additional t o  any 
effect  of changes  in the  overa l l  level  of industrial  output. 

TASLE 12.  The impact of s t r u c t u r e  and technology changes  on t h e  energy  and elec- 
t r i c i ty  intensity of t h e  US manufacturing s e c t o r .  

I ELectricit yC 
Input p e r  

i Impact on Elect r ic i ty  Intensity by changes  in: 
I Real G r o s s  O u t p u t b  S t r u c t u r e  I Technology 

Pr imary 
E n e r g y  I n p u t  a 

P e r  
ReaL G r o s s  Outpu tb  

Vurchased energy for heat and power, plus energy used a s  raw materials, I n  terms of primary en- 
ergy equivalents. 
%ales values at 1972 prices. 
"Purchased electrlclty. 
NOTE: + - Intensity Increases; - - Lntensity decreases. 

Annual Compound Growth Rates  (9 . )  

Impact on Energy Intensity by Changes in: 
S t r u c t u r e  Technology 



6. ENERGY SAVINGS THROUGH IMPORT 
PENETRATION O F  DOMESTIC MARKETS 
An important p a r t  of t h e  decrease  of energy and electriciLy intensity in the  
manufacturing s e c t o r  comes from import substitution. The question is  how much 
less energy and e lect r ic i ty  a r e  used because of t h e  imports of energy-intensive 
products  from abroad.  To avoid any misunderstanding on the  d i r e c t  ro le  of energy 
p r ices  discused in Section 3.1, i t  should be s ta ted that  possibly lower energy 
p r ices  abroad  viere not t h e  reason  f o r  the  inundation of domestic markets  by the  
energy-intensive products.  The analysis i s  limited t o  t h e  energy  content of "final" 
goods, excluding t h e  energy input requ i red  f o r  the i r  intsrmediate production. 
Since t r a d e  and production tend t o  f luctuate annually, the  analysis w a s  c a r r i e d  out 
o v e r  a number of y e a r s .  But a full s e t  of annual d a t a  covering the  1970-1984 
period could not be  established,  owing t o  gaps  in import, production, and "energy 
content" da ta .  For  these and o t h e r  reasons ,  t h e  estimated energy savings s e r v e  at 
best. to  indicate the  genera l  t r end  and approximate levels of energy savings 
through imports. 

6.1. S h a r e  o f  Imports i n  Domestic P r o d u c t i o n  
The s h a r e  of imports in domestic product ion (not supply) a r e  shown in Table 13.  
These coefficients were compiled f o r  se lected energy-intensive industries'  produc- 
tion and import quan t i t i e s ,  excep t  f o r  basic chemicals where production and im- 
p o r t  values viere used. For  a n  evaluation of the  resu l t s  i t  should be kep t  in mind 

tha t  import s h a r e s  based on quantitative da ta  tend t o  b e  h igher  than those based 
on production and import values, because of the  pricing of domestic production 
(higher) and imports (lower). 

In most of t h e  energy-intensive industries,  import penetra t ion h a s  grown in 
the  1970s. This i s  t r u e  par t icular ly  f o r  s t ee l  mill products,  where the  s h a r e  of im- 
p o r t s  in domestic production r o s e  from 4.8% in 1960 t o  14.8% in 1070 and t o  around 
20% by t h e  end of t h e  decade.  In the  1980s,  f u r t h e r  inroads were made as s tee l  mill 
products '  imports soared  t o  as high a s  35.5% of domestic production in 1984. 

For  primary aluminum, t h e  s h a r e  of imports in domestic production r o s e  from 
141, in 1971  t o  nearly 199, in 1982 (end of o u r  da ta  base);  f o r  basic c o p p e r  and pro-  
ducts ,  t h e  import s h a r e  r o s e  from 1.5% t o  4.1% o v e r  thc  same period.  In t h e  e a r l y  
1980s, the  dollar 's  r ecovery  from weaknesses favored imports o v e r  domestic pro- 
duction. 

Progress ive  import substitution did not,  however, o c c u r  in a l l  energy- 
intensive industries.  The s h a r e  of imports in domestic production of petroleum r e -  
fining, f o r  instance,  fel l  from a r e c o r d  21.79. in 1973 t o  a low of 11.3% in 1980, r e -  
turning t o  14.4: in 1984. For  primary p a p e r ,  the  s h a r e  of imports in domestic pro- 
duction tumbled from 47.4% in 1965 t o  42.49. in 1970, and f u r t h e r  during t h e  decade 
t o  34.2% in 1981. 

Cement's s h a r e  of imports in domestic production r o s e  from 7.4% in 1974 (ear-  
l i e r  da ta  present ly  not available) t o  10.9% in 1979, but i t  has  since fallen t o  4.5% in 
1982 (latest  available year) .  

For  inorganic basic industrial  chemicals, the  import s h a r e  did r i s e  from 8.1% 
in 1972 t o  14.5% in 1982 (beginning and end y e a r s  of o u r  d a t a  base).  This is some- 
what similar t o  what happened in the  s t e e l  industry: import substitution coinciding 



TABLE 13. US.  The s h a r e  of Imports In domestla production of seleated,  energy  lntenslve Industries (peroentage).  

S t ee l  Mi11 Primary Primary Bado  Chernioals Nltrogen Fer t l l l ze rs  Petroleum Prlmary 
Produots  Aluminum Copper Inorganlo Organlo Values at Reflnlng Cemant Paper  

Year  Tonnages Tonnages Tonnages (values at o u r r e n t  p r loes )  Cu r r en t  P r l oe s  Tonnages Bar re l s  Tonnages (quantlt les) 

NOTE: Percorrtages of Import shares compiled In values a t  current prlces, derived from BLS Trade Monltorlng Syetem. 
SOURCES: See Part  11, caue atudlea. 



with cutbacks  in domestic production of a n  old and energy-intensive industry.  
Inorganic chemicals a r e  thus  in c o n t r a s t  t o  t h e  organic  chemicals, a newer 
energy-intensive industry t h a t  includes petrochemicals.  The o rgan ic  chemicals im- 
p o r t  s h a r e  w a s  f a i r ly  low in 1972 (4.6%) and r o s e  t o  no more than 6% at i t s  1980 
peak,  followed by 5.9% in 1982. The import  s h a r e  may have r i sen  t o  8.8% in 1983 
according t o  Little (1981). 

6.2. Estimated Energy and Electricity Savings 
A s  s t a t ed  above,  the  energy  savings r e l a t e  only to t h e  final p roduc t s  as imported, 
excluding energy input of intermediate products.  The est imates are compiled from 
the  product imports  and t h e  energy  coefficients (energy input p e r  manufacturing 
output)  established in t h e  c a s e  studies in P a r t  I1 of th is  r e p o r t  f o r  t h e  industries 
producing these  ar t ic les .  The savings a r e  compiled for :  (a)  aggrega te  energy  in- 
put, which includes all forms of ene rgy  consumption, namely purchased  energy  f o r  
h e a t  and power plus energy  r a w  materials;  (b)  purchased energy  (fuels and elec- 
t r ic i ty)  f o r  h e a t  and power; and (c) purchased e lec t r ic i ty .  A l l  savings a r e  given in 
final, de l ivered energy  (not re-computed into pr imary energy  equivalents). For 
steel mill, aluminum and c o p p e r  bas ic  products ,  petroleum refining,  pr imary pa- 
p e r ,  and nitrogenous fer t i l izers ,  the  coefficients and t h e  imports  a r e  based Dn 
quantities; f o r  basic chemicals, t h e  coefficients and imports  r e l a t e  to sa les  
values at constant  1980 p r i ces .  

Annual ene rgy  savings a r e  shown in Appendix Table 12.  This indicates t h a t ,  
consistent  with t h e  d a t a  in  Table 13, t h e  energy savings tended t o  inc rease  through 
import penetra t ion f o r  all of t h e  se lec ted energy-intensive industries,  with t h e  e s -  
ception of petroleum refining and pr imary p a p e r .  

An overvieiri of t h e  19SO energy and e lec t r ic i ty  savings i s  given in Table 14 ,  
summarized from Appendix Table 12.  This shows t h a t  in  terms of aggrega te  energy  
input, t h e  g r e a t e s t  savings through imports  originated with petroleum products ,  
followed by s t e e l  mill products ,  organic  bas ic  chemicals, and nitrogenous fert i l iz-  
e r s .  In terms of purchased energy  f o r  h e a t  and power,  t h e  g r e a t e s t  savings came 
from s t e e l  mill products ,  followed by pr imary p a p e r  (although both imports  and 
coefficients of purchased  energy  input had markedly d e c r e a s e d  during t h e  1970s), 
and petroleum products .  For  purchased e lec t r ic i ty ,  t h e  g r e a t e s t  savings came 
from primary p a p e r ,  followed by pr imary aluminum and s t e e l  mill p roduc t s  - with 
only re la t ively  small savings f o r  petroleum products  and bas ic  chemicals (organic 
and inorganic). 

6-3. Comparison with other Research 

A comparison with t h e  energy  input  of t h e  manufacturing s e c t o r  as a whole indicat- 
e d  t h a t  ene rgy  savings through imports  amounted t o  no more than  5-69, in 1980 (see 
again Table 14). But i t  s tands  to reason  t h a t  in t h e  y e a r s  following 1980 and 
through 1984, t h e  s h a r e  of ene rgy  savings in t h e  manufacturing s e c t o r ' s  to ta l  en- 
e r g y  input have increased - due to t h e  f a c t  tha t  t h e  manufacturing s e c t o r ' s  to ta l  
ene rgy  input dec reased ,  while import  substi tut ion increased.  

Had i t  been possible to  est imate t h e  energy  savings deriving from imports of 
aLL manufactured goods, and including t h e  in termcl ia te  p r ~ d u c t s ,  t h e  est imates f o r  
1980 (and subsequent y e a r s )  would have  obtained f a r  h igher  values. This i s  avi- 
dent  from t h e  r e s e a r c h  on  t h e  e lec t r i c i ty  content  (final and intermediate)  of t rad-  
ed  merchandise of aLL s e c t o r s  of t h e  U S  economy, p e r f ~ r m e d  by t h e  I?r'PORV?.'I 
(Inter-Industry Forecasting P r o j e c t  of t h e  University of Yaryland). The resu l t s  ~f 
t h e i r  study, a s  published by t h e  Edison E lec t r i c  Tnstitute (Electrici ty Trade Bal- 
ance ,  1986),  a r e  inter aLia 



TABLE 14.  US. Energy savings through imports ,  1980. 

Importing Industries 

S tee l  mill products  
Pr imary aluminum 
Basic c o p p e r  products  
Basic chemicals 

Inorganic 
Organic 

Xitrogeneous fe r t i l i ze r s  
Petroleum products  
Cement 
Pr imary p a p e r  

Total se lec ted  indust r ies  

Manufacturing s e c t o r  
Energy inpnt 

Aggregate Purchased  
Energy Energy f o r  Purchased  1 
Inputa Heat and Power Elect r ic i ty  I 

(trillion Btu) (trillion Btu) (billion KWh) - 
320.9 191.4 7.8 j 

45.8 9.2 1 
24.1 0.6 i 

Importing industries '  ene rgy  I savings a s  p e r c e n t  01 manu- 
1 fac tur ing s e c t o r ' s  ene rgy  input 5.08 6.05 5.5 -- 

Vurchilsed energy for heat and power plus feedstocks. 
NOTE: The energy savings exclude energy input requiremet~ts of intermediate products end are in 
terms of final, de l ive~~ed  energy. 
SOURCE: Append1 x Table 12. 

1985 Elect r ic i ty  Content Billion kWh 

Expor ted  goods 127  
Imported goods 254 

Net imports  1 2 7  

Considering t h a t  1985 e lec t r i c i ty  genera t ion (net) by t h e  utilities serving a l l  
s e c t o r s  of the  economy amounted t o  2409 billion kwh, t h e  s h a r e  of t h e  e lec t r i c i ty  
content  of a l l  imported goods (254 billion kWh) amounts to  roughly 1 0 . 5 I  of to ta l  
purchased e lec t r ic i ty .  

7.  CONCLUSION 
In t h e  post-World War 11 per iod,  technological change h a s  been t h e  driving f o r c e  
behind U S  energy  productivity improvements (dec reases  in energy  use p e r  unit of 
output)  in manufacturing. However, this- study h a s  shown t h a t  s t r u c t u r a l  change 
'vas t h e  important  f o r c e  behind t h e  acceleration. of energy  productivity improve- 
ments in t h e  post-embargo per iod,  a f t e r  being a n e u t r a l  o r  slightly negative f o r c e  
in e a r l i e r  yea r s .  On t h e  o t h e r  hand, t h e  study a lso  showed t h a t  technology h a s  
been biased toward grea ter  u s e  of e l e c t r i c i t y  p e r  unit of output in manufacturing, 



although th is  ef fec t  a p p e a r s  t o  have weakened in re::.;lt y e a r s .  X r  in the  case  of 
to ta l  energy,  s t r u c t u r a l  change w a s  t h e  dominant f o r c e  in t h e  overa l l  reduction of 
e lec t r ic i ty  use p e r  unit of output in t h e  post-embargo period.  Import penetra t ion 
was found t o  have been a n  important f a c t o r  in reducing US manufacturing energy 
and e lec t r ic i ty  requirements in the  decade of t h e  1970s and t h e r e  i s  additional evi- 
dence t o  suggest  t h a t  th is  e f fec t  w a s  even l a r g e r  in t h e  ea r ly  1980s. 

The recen t ly  acce le ra ted  growth of ene rgy  productivity,  o r ,  converse ly ,  ac-  
ce le ra ted  d e c r e a s e  of e n e r g y  intensity, i s  a sign of t h e  U S  having r e a c h e d  a ma- 
t u r e  and l a t e  s t age  of industrialization. A similar development of decreas ing ener -  
gy and la te ly  a lso  decreas ing e lec t r i c i ty  intensity was obse rved  in t h e  UK, la rgely  
motivated by s t r u c t u r a l  change in output mix. Thus the  industrially aging socie t ies  
a r e  in c o n t r a s t  t o  the  indust ry  s e c t o r s  of t h e  developing countr ies ,  a s  s e e n  in the  
example of Mexico, where i t  was found t h a t  substi tut ion of ene rgy  f o r  tradit ional  
prime movers and increasing use of commercial ene rgy  were t h e  principal  f o r c e  
behind t h e  rising energy  intensity,  respect ively  decreas ing energy  productivity. 

Finally, i t  i s  believed t h a t  th is  analysis ,  although based on his tor ica l  data ,  i s  
important  f o r  a b e t t e r  understanding of ene rgy  demand by industry and provides 
nevi insights f o r  ene rgy  demand modeling. Hence, t h e  impact of a declining oil 
p r i c e  need not  necessar i ly  inc rease  energy  and e lec t r i c i ty  intensity - although to- 
t a l  ene rgy  and e lec t r i c i ty  demand by t h e  industry s e c t o r  may b e  l if ted somewhat 
through fu tu re  economic growth. This suggests t h a t  C N P  and energy  demand will 
continue to g o  t h e i r  s e p a r a t e  ways a s  t h e  energy-intensive indust r ies  fai l  to r e -  
c a p t u r e  t h e i r  fo rmer  re la t ive  importance in t h e  CS and o t h e r  developed countr ies '  
economies. 

This decoupling of e n e r g y  demand and economic growth i s  a l so  implicit in oth- 
e r  ongoing IIASA r e s e a r c h  within t h e  scope of t h e  Technology, Economy and So- 
c ie ty  (TES) pro, "ram. 
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Appendix 1 
Energy Input Methodology 

F%nrrl, Delitaured E w g y .  Fuels and electricity w e r e  converted to equivalents 
of British Thermal Units (Btu) on the basis of the i r  average h a t  cuntmt. ( A  Btu is 
the quantity of heat  required to raise the temperature of one pound of water by 
one degree Fahrenheit. ) 

The measure is used since 1976 by the quinquennial Census and the former 
Annual Survey of Manufactures. The average conversion rates compiled by the 
Census fo r  1981 are shown below. 

Conversion to Btu (1981) 

Btu 
Kind of Energy (1000) 

Electric energy 1000 kwh 3412 
Coal sho r t  tpns 26194 
Coke do  25993 

Fuel oil 
Distillate bar re ls  (42 gal.) 5824 
Residual d o  6285 

Natural gas 1000 cu.ft. 1020 
Liquefied petruleurn gases 1000 lbs. 20989 
Other fuels dollars 259 

Note: F o r  c o s t s  of "fuels n o t  spec t f ied  by kind", convers ion  f a c t o r s  f o r  1981 w e r e  developed f o r  
each two-diglt SIC group, besed on t h e  re la t lonsh tp  of t o t a l  c o s t  of hels t o  t h e  t o t a l  Btu  
aqulva len ts  f o r  t h o s e  groups, as p u b l l s h d  t n  MBO(AS)-4.1, Fue ls  and E l e c t r i c  Energy Consumed, 
1980 Annual S u r v e y  of Menufectures. 
SOVRCg: 1982 C e n s u s  of  Manufactures  MC 82-5-1 ( P a r t  1). 

Pr imary  E w g y  Equivalents.  In t e r m s  of primary energy requirements, 
purchased electricity is converted to Btu by the average fuel used in electric util- 
ities p e r  kwh produced, and not the  heat content obtainable from it. 

The heat  rate (average fuel used p e r  kwh produced) was estimated as 10,500 
Btu p e r  'ILBt kwh for  1982, by the  Edison Electric 1nstitute.l Whereas the  heat  con- 
tent  w a s  estimated as 3412 Btu p e r  kwh by the  Census fo r  1981 (1982 data not 
available). 

In our compilations, w e  have reconverted the Btu equivalents of purchased 
electricity to primary equivalents through multiplication by a fac tor  of 3. This 
'back to the powerhouse" m e a s u r e  may involve a slight under-estimation especially 
for  recent  years. 

%he l o s s e s  t n  c o n v e r d o n  f r o m  f u e l s  t o  e l e c t r l c t t y  ere s u b s t a n t t a l  end t n c r e d n g .  F o r  t h e  utlll-  
t t e a  i n  t h e  Vnlted States, t h e  EdIson E l e c t r i c  I n s t i t u t e  eatlmatea t h e  a v e r a g e  Btu  p e r  n e t  kwh a s  
havfng r i s e n  f rom 10,495 t o  10,517 tn 1982. See Edtson E l e c t r l c  I n s t t t u t e ,  Economlca and Flnence 
Croups, S t a t l s U c s  Depertment. Analysts of Are1 JW ELecttZc Generation. August 1983. 



For reconversion of delivered,  solid fuels, natural  gas  and petroleum pro- 
ducts  to primary energy equivalents, we did not make any adjustments, because of 
the  small gap  between primary and final energy.  Thus o u r  concept  of "primary 
energy equivalent i s  close t o  the gross  energy  i n p u t  as defined by John G. 
Myers. 2 

An example f o r  t he  compilation in primary energy equivalents are the  end-use 
energy consumption by t h e  industry (and o the r )  s ec to r s  published by t h e  Depart- 
ment of Energy (DOE) in t he i r  Monthly Energy Review. 

In o u r  case studies in P a r t  11, the  energy productivity coefficients were com- 
piled in terms of final, delivered energy, to facil i tate comparison with o t h e r  
sources.  For t he  Overall Review in P a r t  I ,  t h e  coefficients w e r e  compiled in both 
delivered and estimated p r i m a r y  energy equivalents of aggrega te  energy input. 

Aggregate Energy Input 
The aggregate  energy  input of t he  manufacturing sector consists of purchased 

energy (fuels and e lect r ic i ty)  f o r  hea t  and power used by a l l  manufacturers and 
t he  energy r a w  materials or feedstock (the terms are used a l ternate ly)  required 
f o r  petrochemical, petroleum refining and steel production. Frequently, U S  energy 
productivity analysis i s  only based on t h e  time s e r i e s  from the  Census of Manufac- 
t u r e s  f o r  purchased energy  f o r  hea t  and power. However, this energy input fol- 
lowed a dif ferent  growth t rend  from tha t  of feedstocks, as f o r  example in 
petroleum refining and petrochemicals where the  input of purchased energy  f o r  
hea t  and power went down, and feedstocks went up. Hence t he  omission of 
feedstocks (estimated as about one th i rd  of total)  from aggrega te  energy used by 
the manufacturing s e c t o r  as a whole tends to bias the  findings on  falling energy 
demand and rising energy productivity. A compelling reason f o r  t he  omission i s  the  
data  gap  on  feedstock. Time s e r i e s  are not  available from t h e  Census excep t  f o r  
par t ia l  da ta  compiled at five y e a r  in tervals  and published as p a r t  of o t h e r  r a w  
materials'  input, l a s t  collected f o r  1982 .~  To make up f o r  this deficiency, a supple- 
mentary survey w a s  taken by t h e  Census f o r  t h e  Department of Energy (DOE). Only 
t w o  issues of what w a s  to become an  annual survey w e r e  published with da t a  f o r  
1980; 1979 and some f o r  1 9 7 8 . ~  The Census survey of energy r a w  materials includes 
purchased and nonputchased  hydrocarbons (gases, ga s  liquids, petroleum 
liquids) and nonpurchased, o r  captive fuels (coke and coke screenings,  coke oven 
and blast  furnace gas  and o t h e r  by-product fuels produced and consumed at t h e  
s a m e  establishment). This ra i ses  the  question of which of t he  hydrocarbons and 
fuels should be  aggregated without double counting? While t h e  Census includes a l l  
surveyed materials, industry sources  favor  a selection. The dif ference between 
the  Census and industry compilations i s  par t icular ly  acute  f o r  t he  petroleum refin- 
ing industry; although i t  needs to be noted t ha t  energy  r a w  materials d o  not include 
c rude  throughput. 

' ~ o h n  C. Myers, Situing Enetgy i n  Manufacturing, Ballinger Publishing, Cambridge, Mass., 1978. 

3 ~ e e  U S  Department of Commerce Bureau of the Census. Industry Series Preliminary Report, MC 
82-I-33A-1(P) Table 4; and Industry Series MC 77-I-33A, Table 7 ( w i t h  data for 1977 and 1972). 

4~~ Department of Commerce. Bureau of Census. 1979 Annual Survey of Manufacturers. Hydrocar- 
bon, Coal and Coke Materials Consumed M 79 (AS)-4.3. 1980 Annual  Survey of Manufactures. Hydro- 
carbon, Coal and Coke Materials Consumed M 80 (AS)-4.3. 



A comparison of t h e  1979 feedstocks  by s o u r c e s  of compilation shows: 

Census Estimates Based 
and on Industry 

Unit Survey* Sources  

Petroleum refining Quad.Btu 5.24 
Petrochemicals Quad-Btu 2.38 
Blast fu rnaces ,  s t e e l  mills Quad.Btu 1.41 

*See Chert 1 In 1980 Annual S u r v e y  of Manufacturers 1980 (AS)-4.3 

After  discussion with represen ta t ives  from t h e  chemicals, petroleum a n d  s t e e l  
industries,  w e  have est imated t h e  time s e r i e s  on t h e  basis  of d a t a  coming from 
industry sources .  

A t  t h e  t w o  digit level  of t h e  SIC, t h e  1979 aggrega te  energy  input (purchased 
energy  f o r  h e a t  and  power plus feedstock) would amount to: 

Census Estimates Based 
and on Industry 

Unit Survey  S o u r c e s  

SIC 29 Petroleum and coal  p roduc t s  Quad.Btu 6.49 2.90 
SIC 28 Chemicals Quad-Btu 5.28 5.45 
SIC 33 Primary metals Quad.Btu 4.10 3.47 

Accordingly, w e  est imated t h e  1979 aggrega te  energy  input f o r  t h e  manufac- 
turing sector a s  a whole as 17.9 quadrillion Btu, including 12.9 purchased  f o r  h e a t  
and power, and  5.0 for e n e r g y  raw materials;  t h e  est imates f o r  1980 a r e  respec-  
tively 16.9 (aggregate) ,  11.9 (heat  and power), and  5.0 feedstocks ,  For  detai ls  and 
time s e r i e s  s e e  Appendix Table 1. 

The discrepancy between t h e  indust ry  based est imates and  those  from t h e  
Census and Survey f o r  t h e  petroleum refining industry were explained by A.G. 
Meyer, Shell  Oil, Houston: 

'The Census of Manufactures Survey i s  a manufacturing s i t e  speci f ic  s u r -  
vey and a l l  ene rgy  demand i s  r e p o r t e d  under  t h e  dominant SIC industry at 
t h a t  s i t e .  There fo re ,  ene rgy  demand f o r  chemical manufacture at a 
refining location would b e  included and  r e p o r t e d  as refining energy  
demand. This r e su l t s  in major overs ta tement  of ene rgy  demand f o r  t h e  
refining industry. One should use  e i t h e r  t h e  API or DOE surveys  as 
opposed to t h e  Census of Manufactures Survey to obta in  e n e r g y  demand 
f o r  a speci f ic  industry" ( l e t t e r  of 1 August 1985). 
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APPENDI>( TAi3I.E 1. [IS. :;trtrcturc t r f  ~ i g p ~ ' t ! g ~ t , t ?  U I I C I . ~ ~  111put (PLt~iil, d1:11~(:1.0d),  : ;clc<:L~d YI:III.:; ( In t l ~ l l l l o ! ~  13ttl) 

SIC/DESCRIPTION 1 
28-CHEMICAI.S 
33-PRIHARY METAL6 
29-PETROLEUM L COAL 
26-PAPER 
32-StONI',CLAY k GLASS 
29 -9000  L BEVERAGES 

ENERGY 
RAU 

MATERIALS 
( 1 9 6 7 )  

AGCRT 
ENERGY 
INPUT 
( 1 9 6 7 )  

EMIRGY 
?OR ENERGY ACGRT 

HEAT k RAW ENERGY 
PWER MATERIALS INPUT 
( 1 9 7 1 )  ( 1 9 7 1 )  ( 1 9 7 1 )  

S IC/DESCRIPTIOY 2 
37-TRANSPORT. EQUIPMENT 
35-N-E M C U I U E R Y  
22-TEXTILE M I L L  
34-FABRICATlD METAL 
36-CLECTR. L ELECTRONIC 
30-RUBBER L PLASTICS 
24-LUMBER 

** S u b t o t a l  ** 
9 5 6 1  3 0 1 9  1 2 5 8 0  

**  S u b t o t a l  ** 

SYERCY 
FOR ENERGY AGGRT 

MEAT k RAW ENERGY 
Powen MATERIALS INPUT 
( 1 9 7 9 )  ( 1 9 7 9 )  ( 1 9 7 9 )  

** S u b t o t a l  **  

ENERGY 
FOR ENERGY AGGHT 

HEAT 6 RAW ENERGY 
POWER MATERIALS INPUT 
( 1 9 8 0 )  ( 1 9 8 8 )  ( 1 9 8 0 )  - 

1 0 4 7 4  3763 1 4 2 3 7  

** T o t a l  **  

1 0 3 4 1  4 9 8 5  1 5 3 2 6  9 5 2 0  I 5904  1 4 5 2 4  

a ~ l ~ d e r  residue helm and relf-pentrated hydropower, 1050 trillion BTU. 
BOURCES: R u c h a ~ d  energy for heat md power, rce US Cem8 of Yanufacturera and Annual Sur- 
way8 Y82(AS)-4.1 and earlier irmea Ener~p w e  u raw materiel8 ia compiled am the difference 
between r~lredate e n e r ~  input from indumtry muroem and C s m 8  data on purchared energy tar 
but m d  power. 



APPENDIX '1'AUI.E 2. U S .  S t ~ ~ ~ : t u t . c  of ogg~.cgi i tc  t ? t ~ ~ ~ . g y  InpuL (pcrc:c,~ttlgl!:;), : ~ o l t : t . t ~ : t l  y call.:; 

- 
NUMBER-INDUSTRY PERCENT PERCENT PERCENT PERCENT 

PURCHASED PURCHASED PURCHASED PURCHASED , 

ENERGY PERCENT ENERGY PERCENT ENERGY PERCENT WERGY PERCENT 
FOR AGGREGATE FOR AGGREGATE FOR AGGREGATE ?OR AGGREGATE 

HEAT L ENERGY HEAT & ENERGY HEAT & ENERGY HEAT & ENERGY 
POWER INPUT POWER INPUT WUER INPUT POWER INPUT 

( 1 9 6 7 )  ( 1 9 6 7 )  ( 1 9 7 1 )  ( 1 9 7 1 )  (1979)  ( 1 9 7 9 )  ( 1 9 8 0 )  ( 1 9 8 1 )  

SIC/DESCRIPTION 1 
28-CHEMICALS 20.843 23.561 21.144 24.748 22 .501  30.506 22.883 30.657 
33-PRIMARY METALS 20.521 23.122 18.633 22.193 19.434 19.177 19.014 20.862 
29-PETROLEUM C COAL 11.811 16.831 12.128 15.663 9.673 16.208 9 .921 16.549 
26-PAPER 9.794 7.799 10.812 7.784 7.280 11.763 7.572 10.101 
32-STONE,CLAY & GLASS 10.413 8.292 9.936 7.725 9.836 7.090 9.450 6.648 
20-FOOD L BEVERAGES 7.625 6 .072  7.844 6 .098 7.373 5 .315 7.984 5.617 

**  S u b t o t a l  **  

SIC/DESCRIPTION 2 
37-TRANSPORT. EQU I PMENT 
35-N-E MACHINERY 
22-TEXTILE MILL  
34-FABRICATED METAL 
36-ELECTR. L ELECTRONIC 
30-RUBBER L PLASTICS 
24-LUMBER 

* *  S u b t o t a l  **  

** S u b t o t a l  ** 

** T o t a l  ** 

SOURCE: See Appendix Table 1. 



APPENDIX TABLE 3. US. Manufacturing sector. Steel,  chemicals, and petroleum 
refining, aggregate  energy input. 

' ) ~ x c l u d e s  w a s t e  fuels .  
b )~nc ludes  e l e c t r i c i t y  purchases  of government operated plants.  

SOURCE: 1982  Census of Manufactures. MC 8 2 - S 4 ;  part  1. 

Total 
Aggregate 

Energy 
Input 
(as de- 

livered) 

Total 
Purchased 
Energy fo r  

Heat and 
Year Power 

Energy U s e  as Raw Materials 
for Production of: 

Petroleum 
Ironaad Steel t3hernicalsb) Refinery Total 

Trillion BTU 

14829 
16903 
17736 
15977 
17086 
17265 
17505 
17854 
16877 
16181 

1958 8248 
1962 9810 
1967 11810 
1971 13140 
1974 13394 
1975 12047 
1976 12776 
1977 12928 
1978 12931 
1979 12869 
1980 11873 
1981 11563 

1005 1032 982 3019 
1303 1405 1055 3763 
1366 1685 1291 4342 
1071 1483 1436 3990 
1050 1704 1556 4310 
744 1930 1663 4337 
652 2115 1807 4574 
785 2551 1649 4985 
932 2457 1615 5004 
838 2261 1519 4618 



APPENDIX TABLE 4 .  US.  Industry s e c t o r .  The growth of production and energy 
input (primary energy) .  

DOE 
Energy Consumption 

by t h e  Industrial 
Sector (includlng 
e lec tr ica l  s y s t e m  

energy  lossea)  

FRB 
Industrial 
Productlon 

Index 

Energy 
Input per 

Industrial 
Output 

(E/I - 100) 

- .  -----..--- --- - - ... - -. - - -. .- . ... .- .... - ... ... 
. . 

. . .. - . -. . -. -. . . . . . .. - - - -. . , - 
Year  Quad-Btu 1970- 100 Index Numbers, 1970 - 100 

-----------------------------------------.--.--------.-------- 



APPENDIX TABLE 5. US.  Manufacturing s e c t o r .  The growth of ene rgy  input p e r  
manufacturing output.  

Manufacturing Energy Input p e r  
Output Energy Input Manufacturing Output 

FRB S a l e s  Purchased  Aggregate Purchased  Aggregate 
Produc- Values Energy Pr imary Energy  Pr imary  

t ion at 1972* f o r  Heat Energy f o r  Heat  Energy 
Index P r i c e s  and  Power, Equiva- and Power,  Equiva- 

Year a b)  ~ i n a l ~ )  lentsd) Final l en t s  

Index Numbers. 1971 = 100 

e a l  g r o s s  ou tpu t .  
'$!RE3 I n d e x  f r o m  t h e  Economlc Report. of  t h e  P r e s i d e n t ,  F e b r u a r y  1985. 
b ) ~ h e  i n d e x  i m p l i c i t  i n  t h e  s a l e s  v a l u e s  a t  1972 p r l c e ~  is t h e  s a m e  a s  t h a t  i m p l l c l t  In  t h e  Manufac-  
turdtrg  Real O u t p u t  In  t h e  DOE o n o r g y  conservation i n d l c a t o r s ,  1983 Annual R e p o r t  (DOWEIA- 
0441(83), p. 103. 
C)1982 C e n s u s  o f  M a n u f a c t u r e r s ,  F u e l s  and E l e c t r i c  E n e r g y  Consumed MC 82 -S4  and e a r l i e r  i s s u e s  
and 1980 Annual S u r v e y  of  Manufac tu re r s ,  F u e l s  and E l e c t r i c  E n e r g y  Consumed M 80(AS)-4.1 end 

rller i s s u e s .  
'!Purchased e n e r g y  f o r  h e a t  and power  p l u s  e s t l rna ted  f e e d s l o c k s  f o r  c h e m l c d s ,  p e t r o l e u m  re f ln -  
ing, i ron ,  and s t o e l ;  c o n v e r t e d  t o  p r l m a r y  e n e r g y  equ iva len t s .  
E ~ s t l m a t e d .  



APPEXL'DIX TABLE 6. IJS.  Indus t ry  s e c t o r .  Cornpari:;c~n of i nd i ca to r s  f o r  p roduc -  . 
t ion and encr-gy input  (index n l~rnbers ,  '1970 = 2.00). 

PRODUCTION ENERGY I N PUT 

DOE Study 

Energy DOE 
'rleighted DOE Energy 
Index of  End-Use Conservation 

Industrial Energy Indicators 
FRB Output Industrial Consumption Energy 

Production (relative Real  b y  Industrial Consumption 
Year Index to 1981) Output Sector "Total" End-Use 

- -  - .  
SOURCES: FRB production index and DOE end-use energy consumption by the 
industry sector, see  Appendix Table: 1 .  DOE energy conservation indicators, 
"total" and end-use, see 1983 Annual Report DOE/EIA-0441(83), p. 103. 



A P P E N D I X  TABLE 7 .  [IS. D O E / D R I  i ndus t r i a l  e n e r g y  corisumption p e r  indus t r ia l  
ou tput .  

Totd Energy Consump End-Use Energy Con- Total Energy Consump 
Year tion per Industrial rumption per Indus- tion per Energy 

Real Output trial Real Output Weighted Production 

Index Numbers, 1970 = 100 

- -- - - - - - 

SOURCE: DOE/IL Energy ~ontervarlon 5naicatois'i983 h n u a l  Report, pub- 
lished October 1984. DOE/ElA-441(83), Table 32, p. 104. 
NOTE: Base year of the index converted from 1973 to 1970 = 100. 



APPENDIX TABLE 8. FRG. Manufacturing s e c t o r .  The  growth  of e n e r g y  input  p e r  
manufacturing ou tpu t  s ince  1.950. 

-------- -----_--- ------- -.---- - .------------- ----------------- 
Manfact  u r inn  Fin61 E n e r ~ y  

Out put (Net Energy I n p u t  per- 
Prmd uct  ion  I r ~ p t r t  by Mrnuf  a c t  ur i ng 

YERR I r~tiex ) Manufact  u r i n p  Out D L I ~  

--_- --_________------- -.-.- -- ------_ . -  ----_ ---_----_- ^ 

Index Nurnbers, 13741=18@ 

195QI 21.9 41E. 5 185.2 
1951 26.3 47.2 179. E' 
rs5e 28.3 51.3 181.1 
1353 30.5 5QI. 2 164.4 
1954 34.9 54.3 155.8 
1955 441. B 61.3 IS@. Z 
1956 44.1 65. 8 147.4 
1957 46. 1 65.3 141.7 
1958 47. Cj 63.7 134.1 
1959 51.5 €5.5 137. 1 
1968 58.6 73.5 125.5 
1961 62.3 74.3 113.3 
1962 64.8 75.2 116. 1 
1963 66.9 76.7 114.6 
1964 73.1 BE'. 4 i1e.e 
1965 77.4 84. € lp1'3. S 
1966 78.2 BE'. 1 185. @ 
1967. 76.1 el.9 1@7. 6 
1968 83.3 86.8 la€. 5 
1969 94. Z! 95.5 la1.4 
19741 1041.41 1Q@. @ I@@. @ 
1971 1411.6 97.5 95.3 
1972 185.3 98.8 93. Pa 
1973 112. 6 1134.4 32. -/ 
1974 1141.3 : 95.2 Ct 3,. 4 
1975 1412.7 9.2.7 98. f: 
1976 112.1 98. @ 87. 3 
1977 115.3 97.4 64.4 
1978 117.1 37.5 83. 7 
1979 123. @ :@Z. 2 6 3 . 
1988 123.6 57.7 79. F 
1981 ,5i:. 1 
1982 84.8 
1983 84.1 

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ - - - . -  ---- ------ ------- - - - -  
SOURCE: C. Doblin. Patterns of Industrial Change in the Federal Republic of 
Germany. UP-64-73. International Institute for Applied Systems Analysis, Lsx- 
cnburg, Austria. 



APPENDIX TABLE 9. F r a n c e .  Indus t ry  s e c t o r .  The growth of ener-gy input  p e r  
indus t ry  output .  

I n d u s t r i a l  F i n a l  Enev-r;v Er8erc. ,t Snpl-~t 
P r o d  u c t  i on Cons u m ~ t  i crr~ oet- 1 n d u s t r y  

Year I n d e ~  by 1 r~duetrv ol.[t r t u t  E / I ~ ~ P I Q I  ------ - ------ - - - - - - _ C - - - - - - -  --------- --.----. - - -- .----------- ---- --_- 
I n d e x  Numbers, 1978 r- 1QIP 

SOURCE: lndurtrial production index, excluding construction. See Annuaire 
Statistique de la Itance 1083 and earlier. updated with Bulletin Menmel de la 
Statistique. Energy input, Comite National Itancais de I s  Conference Mondiale 
de 1'Energie. Syntiise des Bilans Energetique h c a i s  1B62-1981. 
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A P P E N D I X  TAHLIi: 11. U S .  F;loctricity sales to r n n r l ~ ~ f a c t r ~ r - i n g  indt~:<t,ries.  

SIC Purchasing industry Million kwh 
1967 1971 1974 1975 1976 1977 1978 1979 1980 1981 

Total manufacturing 427465 517780 616665 596798 639935 663351 675721 682384 658104 665784 

20 Food and kindred 
products 24401 35450 36874 38299 39062 40046 40522 39535 41118 41428 

21 Tobacco manufactures 737 909 1028 1071 1124 1250 1266 1321 1393 1422 
22 Textile mill products 20264 24952 26908 26555 28026 27609 26903 26521 25731 25580 
23 Apparel 3595 5512 6357 6845 6756 6620 6744 5941 6050 6057 
24 Lumber, w o o d  products 7297 9314 14791 14385 15547 16125 16668 16066 14667 14528 
25 Furniture 2474 3940 4064 3885 3969 4190 4255 4033 3952 4143 

26 Paper and allied 25858 34999 40870 39120 43459 44560 45611 46161 49684 52199 
261- 
263 Prlmary paper N A 26000 34260 29737 33939 35113 35708 36332 39795 42208 

27 Printing, publishing 5817 9596 8993 9934 10123 10554 10346 9488 9655 10302 

28 Chemicals and allied 
281 Industrial lnorganica 
286 Industrial organic 
282 Plastics, synthetics 
2821 Plastics materials, resins 
2822 Synthetic rubber 
287 Agricultural chemicals 
283 Drugs, pharmaceuticals 

29 Petroleum.coa1product.s 18186 23690 27240 26398 27713 30153 30262 31570 32212 32546 
2911 Petroleum refining 17474 22600 25800 24900 26300 28500 28528 29886 30300 31000 

30 Rubber,plasticsproducts 10184 16397 19039 18793 19750 22556 22970 22838 21661 22913 
3011 Tires and Inner tubes 2675 NA 4637 4532 4437 5288 4916 4856 4057 4070 
3079 Plastics products, misc. 7418 NA 11241 11382 12398 14043 14804 14681 14494 15554 

31 Leather, leather products 1288 1708 1509 1527 1510 1416 1392 1271 1361 1321 
314 Footwear. ex .  rubber N A 800 751 727 684 657 605 587 611 591 



SIC Purchas ing  indust ry  Million kwh 

1967 1971 1974 1975 1976 1977 1978 1979 1980 1981 

32 Stone,  c l ay ,  g lass  
p roduc t s  19570 

3241 Cement, hydraul ic  7495 

33 Pr imary  metals  109469 
331 I ron  and steel mills 44599 
3312 Blast f u r n a c e  34795 
3334 Aluminum, p r imary  41957 
3331 Copper ,  pr imary 860 

34 Fabr ica ted  metal p r o d u c t s  14694 

35 Machinery, ex .  e l e c t r i c a l  16659 
3573 Elec t ron ic  computing 

equipment NA 

36 E l e c t r i c  & e lec t ron ic  
equipment 19013 

3674 Semi-conductors NA 
3679 Elec t ron ic  oomponents, 

n.e.c. NA 

37 Transpor ta t ion  equipment 23468 
371 Motor vehic les  and p a r t s  12448 
372 A i r c r a f t  and  p a r t s  8402 

38 Ins t ruments  2493 
39 Miscellaneous 6 5 ~ 3 ~  

O ~ x o l u d e s  government operated plants. ' Inoludes ordnanoe. 
Souroe: U S  Census of Manufaotures. 



AIII'ENDIX TABLE 12. IJS.  E n e r g y  s a v l n e s  t h r o u e t ~  1mpo1-to o f  s e l e c t e d  e n e r g y  l n t c r ~ s i v e  industr lc : :  
(annual d a t a ) .  

STEEL BILL PRODUCTS PRIM. ALURINUR BASIC COPPER 

ACCR FUELS L PURCH. FUELS b PURCH. FUELS b PURCH. 
YEARS ENERGY ELECTR. ELECTR. ELECTR. ELECTR. ELECTR. ELECTR. 

INPUT a) b )  b) .b) 

1975 255.6 145.8 5255 39.12 7452 11.275 253 
1976 38.76 9092 23.341 580 
1977 250.9 364.0 9027 54.13 10687 23.239 675 
1978 375.6 274.5 9533 66.66 13000 26.040 768 
1979 320.3 220.0 8250 56.37 10993 16.201 474 
1980 320.9 191.4 7840 45.79 9194 24.094 649 
1981 368.2 229.8 9801 53.96 12220 21.190 542 
1982 309.0 192.9 0225 58 -62  12803 15.522 397 
1983 
1984 

B A S I C  CHEBICALS NITROGEN F E R T I L I Z E R S  
YEARS 

INORCANIC DRCANI C 
ACCREC. FUELS b I PURCH. 

FUELS C PURCH. ACCREC. FUELS b PURCH. ENERGY ELECTR. IELECTR. 
E L E C T R . ~ )  ELEC1R.b) ENERGY a) E L E C T R . ~ )  ELECTR. a) b) 

1960 
1961 
1965 
1970 
1971 
1972 58.1 21 .O 29.5 13.2 172 
1973 23.3 1079 77.4 28.0 713 36.4 16.4 213 
1974 25.2 1166 114.2 41.3 1051 45.8 20.6 268 
1975 25.9 1201 86.9 31.4 800 44.3 19.9 259 
1976 36.2 1676 91.8 33.2 845 42.6 19.1 249 
1977 37.1 1720 101.2 36.6 932 65.1 29.3 381 
1978 44.7 2069 131.6 47.6 1211 75.7 34.0 442 
1979 41.9 1942 127.3 46.1 1172 71 a0 31.9 415 
1980 44.6 2067 125.5 44.7 1137 77.3 3 4 . 8  452 
198 1 39.0 1777 130.4 47.2 1201 69.5 31.2 406 
1982 
1983 

YEAR PETROLEUB R E F I N I N G  CEMENT PRI I I .  PAPER 

ACCREC. .)FUELS It PURCH. FUELS b PURCH. TOTAL FUELS L PURCW. 
ENERGY INPUT ELECTR .b) ELECTR. ELECTR. b) ELECT. ENERGY E L E C T R ~ ~ E L E C T R .  

1960 
1961 210 
1965 1 284 I I I I 1 337 1 8900 1 
1970 1 I I 1 14.9 1 276 1 371 1 9800 
1971 1 476 1 287 1 4 1 0 5  1 17.7 1 329 1 I 
1972 1 I I 1 28.0 1 544 1 I 
1973 1 I I I 38.3 1 744 4 I 
1974 1 559 1 307 1 5051 1 34.0 1 684 I 412 1 210 12700 
1975 1 399 1 192 1 3596 1 22.6 1 466 I 306 I 162 8800 
1976 1 396 I 181 I 3638 1 18.0 1 381 1 357 1 192 10200 
1977 1 393 1 178 1 3931 1 22.6 1 492 1 373 1 181 11000 
1978 1 369 1 142 1 3817 1 36.2 1 812 1 435 I 214 12600 
1979 1 356 1 153 1 3682 1 49.3 1 1128 1 405 I 197 11900 
1980 I 336 I 133 1 3 4 4 3  1 27.0 1 652 I 3 5 8  1 173 11000 
1981 1 304 I 130 1 3 5 4 5  1 21.1 I 480 I 3 4 1  I 165 11200 
1982 I 

NOTE: All c i i l v t  ngu a r e  1 1 1  terrnr: o f  f i n a l ,  d e l i v e r e d  e n e r g y  
il , r urchi~::c:d t:ncrg)' f o r  h~:ilL and  p o w c i  p l u s  PcedsLockr;. 
"l)urLliil::ed r:ner.gy f o r  tlcnt. arid powcr.. 


