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PREFACE 

T h i s  a r t i c l e  i s  conce rned  w i t h  t h e  ITS m a ? v . f a c t l ~ r i n g  i n d u s -  
t r i e s '  e n e r g y  demand, o u t p u t ,  and  c o e f f i c i e n t s  of  e n e r g y  used  
p e r  v a l u e  of  o u t p u t  o b s e r v e d  s i n c e  1947 and some p r o j e c t i o n s  
t h e r e o f  up t o  t h e  y e a r  2000. The b r i e f  d e s c r i p t i o n  of  t h e  
v a r i a b l e s  i s  d e s i g n e d  t o  h e l p  i n  t h e  u n d e r s t a n d i n g  and compari-  
son  o f  t h e  amounts o f  e n e r g y  used  p e r  u n i t  o f  o u t p u t  t h a t  s e r v e  
a s  a n  i n d i c a t o r  o f  t h e  e f f i c i e n c y  w i t h  which e n e r g y  i s  used  i n  
t h e  m a n u f a c t u r i n g  s e c t o r .  

The p u r p o s e  o f  t h e  e x e r c i s e  was t o  p r o v i d e  a  d a t a  b a s i s  
f o r  t h e  e n e r g y  demand models  MUSE and MEDEE, which a r e  p a r t  o f  
t h e  g l o b a l  e n e r g y  demand model ing  e f f o r t 1  o f  I IASA's  Energy 
Systems Program. Another  p u r p o s e  was t o  e v a l u a t e  t h e  c o n c l u s i o n s  
r e a c h e d  on i n d u s t r y ' s  f u t u r e  demand f o r  e n e r g y .  

These  c o n c l u s i o n s  may be  i m p l i c i t  r a t h e r  t h a n  e x p l i c i t .  Fo r  
i n s t a n c e ,  w i l l  t h e  " e n e r g y  consumed p e r  v a l u e  added" c o n t i n u e  i t s  
h i s t o r i c  d e c l i n e  t o  1985 ( a l l  e s t i m a t e s  seem t o  a g r e e ) ,  and can  
t h i s  t r e n d  be  e x p e c t e d  t o  c o n t i n u e  from 1985 t o  2000? Pe rhaps  
y e s ,  a c c o r d i n g  t o  WAES f i n a l  e n e r g y  demand e s t i m a t e s  i n  Energy 
Supply-Domand I n t e g r a t i o n s  t o  t h e  Year  2000, b u t  n o t  so a c c o r d i n g  
t o  t h e  Brookhaven A n a l y s i s  o f  Pas t  and Expec t ed  Fu ture  Trends  i n  
US Energy Consumpt ion ,  1347-2000, which shows a r e v e r s a l  o f  t h e  
t r e n d  a f t e r  1985. Some o f  t h i s  a p p a r e n t  d i s c r e p a n c y  may b e  ex-  
p l a i n e d  by t h e  f a c t  t h a t  t h e  Brookhaven s t u d y  e n v i s a g e d  t h e  manu- 
f a c t u r i n g  i n d u s t r i e s '  demand f o r  p r i m a r y  e n e r g y ,  unde r  t h e  impac t  
o f  t h e  r i s i n g  t r e n d  i n  e l e c t r i f i c a t i o n ,  whereas  t h e  WAES s t u d y  
l o o k e d  a t  f i n a l  e n e r g y .  

A r e v i e w  o f  t h e  f i v e  e n e r g y - i n t e n s i v e  i n d u s t r i e s ,  which t o -  
g e t h e r  c o n s t i t u t e  a b o u t  80 p e r c e n t  o f  t h e  m a n u f a c t u r i n g  sector 's  
e n e r g y  demand ( e x c l u d i n q  p e t r o l e u m  and c o a l  p r o d u c t s  t h a t  a r e  
p a r t  o f  t h e  e n e r g y  s e c t o r ) ,  may p r o v i d e  a  c l u e  on t h e  f u t u r e  
s h a p e  o f  e n e r g y  consumpt ion  by i n d u s t r y .  T h i s  f u t u r e  i s  l o o k e d  
a t  n o t  o n l y  i n  t h e  l i g h t  of  t h e  h i s t o r i c a l  p e r i o d ;  t h e  p a p e r  
a l s o  t a k e s  i n t o  c o n s i d e r a t i o n  t h e  v e r y  l a s t  s t a t i s t i c s  f o r  t h e  
y e a r s  1974-1976, which were  r e l e a s e d  o n l y  a f t e r  mos t  of  t h e  p r o -  
j e c t i o n s  c u r r e n t l y  a v a i l a b l e  had been  f o r m u l a t e d .  Thus t h e  ana -  
l y s i s  p r o v i d e s  a  means o f  t e s t i n g  t h e  b a s i s  o f  t h o s e  p r o j e c t i o n s .  

'MUSE i s  a  s c e n a r i o - o r i e n t e d  model which e x p l i c i t l y  t r e a t s  
p a r a m e t e r s  o f  l i f e s t y l e ,  t e c h n o l o g y ,  economy, and end-use  e f f i -  
c i e n c y ;  it was d e v e l o p e d  and  implemented a t  IIASA. See  t h e  
f o r t h c o m i n g  IIASA p u b l i c a t i o n  by J . - M .  B e a u j e a n ,  MUSE: A p rospec -  
t i v e  Mode2 f o r  t h e  Long-Range E v a l u a t i o n  o f  U s e f u l  Energy Demand. 
The MEDEE model ,  d e v e l o p e d  a t  t h e  I n s t i t u t  Economique e t  J u r i -  
d i q u e  ( I E J E )  o f  t h e  Grenob le  U n i v e r s i t y  was implemented i n  a  
s i m p l i f i e d  v e r s i o n  a t  IIASA. See  t h e  fo r thcoming  IIASA p u b l i c a -  
t i o n  by  Bruno L a p i l l o n n e :  The MEDEE Model f o r  Long-Term Energy 
Demand F o r e c a s t i n g .  





ABSTRACT 

The p a p e r  i n t e n d s  t o  a n a l y z e  t h e  US m a n u f a c t u r i n g  i n d u s -  
t r i e s '  demand f o r  e n e r g y ,  t o t a l  and p e r  v a l u e  added ,  o v e r  t h e  
l a s t  2 5  y e a r s  w i t h  a n  o u t l o o k  i n t o  t h e  f u t u r e .  The s t u d y  con- 
c e n t r a t e s  on 5  e n e r g y - i n t e n s i v e  i n d u s t r i e s  ( f o o d ,  p a p e r ,  chemi- 
c a l s ,  s t o n e  and c l a y ,  m e t a l s ) ,  which t o g e t h e r  a b s o r b  a b o u t  
80 p e r c e n t  o f  t h e  t o t a l  ene rgy  consumed i n  m a n u f a c t u r i n g  i n d u s -  
t r ies ,  e x c l u d i n g  c o a l  and p e t r o l e u m  p r o d u c t s .  The h i s t o r i c a l  
growth r a t e s  o f  t h e  l a s t  25 y e a r s  show f o r  e a c h  o f  t h e s e  i n d u s -  
t r i e s  and t o t a l  m a n u f a c t u r i n g  a  d e c r e a s e  i n  t h e  amount of  e n e r -  
gy used  p e r  u n i t  o f  o u t p u t .  T h i s  t r e n d  was o b s e r v e d  d u r i n g  t h e  
p e r i o d s  o f  economic growth ,  when e n e r g y  was r e l a t i v e l y  cheap  and 
abundan t ;  and it c o n t i n u e d  d u r i n g  t h e  r e c e n t  p a s t  i n  t h e  1975/76 
r e c e s s i o n .  The q u e s t i o n  i s  r a i s e d  o f  how v a r i o u s  r e s e a r c h  b o d i e s  
see t h e  development  o f  t h e s e  t r e n d s  i n  t h e i r  p r o j e c t i o n s  up t o  
t h e  y e a r  2000. 

The s t u d y  which c o n t a i n s  d e t a i l e d  d a t a  on  methods and s o u r -  
ces f o r  v a r i o u s  c o n c e p t s  o f  ene rgy  consumpt ion  and  m a n u f a c t u r i n g  
o u t p u t ,  was o r i g i n a l l y  used  t o  p r o v i d e  t h e  d a t a  b a s i s  f o r  t h e  
IIASA model ing  e x e r c i s e s  o f  ene rgy  demand by m a n u f a c t u r i n g  i n d u s -  
t r i es .  
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3. USA Primary Metals Industries 

4. USA Chemicals Industries 

5. USA Food Industries and Paper Industries 

6. USA Stone, Clay and Glass Industries 





Energy Demand by US Manufacturing Industries 

CONCEPTS 

The Statistical Universe 

In order to avoid confusion between manufacturing and in- 

dustry, it should be kept in mind that industry or the industrial 

sector consists of manufacturing and nonmanufacturing industries. 

In the following we are concerned only with the manufacturing in- 

dustries, excluding petroleum refining and coal processing. In 

terms of the US standard industrial classification (SIC) this 

comprises Major Groups 20 to 39, excluding SIC Group 29 Petroleum 
1 Refining and Coal Products . In terms of the United Nations 

Standard Industrial Classification this corresponds to ISIC Divi- 

sion Three excluding groups 353 and 354. The exclusion of petro- 

leum and coal products from manufacturing is justified on the 

grounds that petroleum refining and coal processing are part of 

the energy sector. A borderline case might be the manufacture of 

asphalt and roofing tar (SIC 295 and 299). Some sources, such as 

WAES, show raw materials or "feedstock" for asphalt and tar in 

connection with the energy demand of manufacturing industries. 

For the sake of comparability with other estimates we have ex- 

cluded SIC 295 and 299 from the energy demand of the manufactur- 

ing sector. 

Based on historical data and projections compiled by Brook- 

haven National Laboratory (BNL) the share of the manufacturing 

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

-pp ~ 

'~ata on armament industries (SIC 19) are included with 
miscellaneous (SIC 39) if and when available. 



USA Gross Fuel Consumption 

Sectors - Unit 1947 1967 1985 2000 

Agriculture, Mining, and 1015BTu 1.41 2.70 4.00 6.80 
Construction 

Manufacturing ~xcluding fit 

Petroleum and Coal Products 

Other Sectors 

All Sectors 

Manufacturing as Percent 
of All Sectors X 27 27 29 38 

After BNL [14; p.4, table 11. 

The data show that a relatively small amount of energy is 

used by the sector comprising agriculture, mining, and construc- 

tion; this is of some importance in the later analysis. One 

further sees that the manufacturing sector, adjusted as indicated 

above, represents less than 30% of gross fuel consumption in the 

pre-projection periods, and that it is assumed to increase to 

nearly 40% by the year 2000. These matters will be discussed in 

greater detail and in comparison with estimates from other sources 

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

Within the manufacturing sector, five energy-intensive in- 

dustry groups (primary metals; chemicals; paper; stone, clay and 

glass; and food) absorb about 80% of the energy demand of all 

manufacturing industries and only 30% of the value added. The 

following notes and Tables 6 to 10 concentrate on the five energy- 

intensive industries (individually), other industries (en bloc), 

and total manufacturing. Energy consumption value added, and 

deflators for all manufacturing industries at two-digit industry 

levels, are shown in Tables 15 to 20. 

Sources and Methods 

nsta on US energy demand and output by manufacturing indus- 

tries are available from several sources. Table 1 gives an over- 

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



p r e s e n t a t i o n s ,  and y e a r s  cove red  i n  t h e  s o u r c e s  r e a d i l y  a v a i l a b l e  

a t  IIASA. 

These a r e  t h e  U S  Census  and Annu~cZ S ~ ~ . ~ t ; g s  c/j' I ~ ~ ~ C U ~ Q C L U I ~ ~ S ,  

a l s o  r ep roduced  i n  t h e  S t a t i s t i c a l  A b s t r a c t  [ I  t o  51;  P r o j e c t  

I ndependence  o f  1974 [ 6 ] ;  t h e  Ford F o u n d a t i o n ' s  Energy Consumpt ion  

i n  M a n u f a c t u r i n g  I n d u s t r i e s  o f  1974 [ 7 ] ;  t h e  WAES Energy Demand 

S t u d i e s  o f  1976 and Energy Supply-Demand I n t e g r a t i o n s  o f  1977 

[9 t o  111; t h e  v a r i o u s  Brookhaven e s t i m a t e s  a s  c o n t a i n e d  i n  t h e  

I n p u t / O u t p u t  Computer P r i n t o u t s  f o r  1967 [ 1 2 ] ;  t h e  Sourcebook  f o r  

Energy A s s e s s m e n t  o f  December 1975 [ 1 3 ] ;  t h e  A n a l y s i s  o f  Pas t  and 

Expec t ed  F u t u r e  T r e n d s  i n  US Energy Consumpt ion ,  1947-2000 of  

Februa ry  1977 [ 1 4 ] ;  and f i n a l l y  t h e  e a r l y  work o f  W.A. Reardon a t  

B a t t e l l e  on  t h e  Energy Use Changes from 1 9 4 7  t o  1958 and 1 9 5 8  t o  

1963 [15 ] .  

Most e s t i m a t e s  on  e n e r g y  consumption and o u t p u t  by manufac- 

t u r i n g  i n d u s t r i e s  d e r i v e  from t h e  US Census  o f  M a n u f a c t u r e s  by 

t h e  Department  o f  Commerce. The c e n s u s  i s  t a k e n  e v e r y  f i v e  

y e a r s  ( i .e .  1958; 1962; 1967; 1972; 1977) and p r o v i d e s  d e t a i l e d  

i n f o r m a t i o n  on o u t p u t  and  consumption o f  raw m a t e r i a l s ,  f u e l s ,  

and  e l e c t r i c i t y .  Toge the r  w i t h  o t h e r  s o u r c e s  it i s  used  f o r  t h e  

i n p u t / o u t p u t  t a b l e s  e s t a b l i s h e d  by t h e  Bureau o f  Economic A n a l y s i s  

( a l s o  o f  t h e  Commerce D e p a r t m e n t ) ,  i . e .  f o r  1958 and  1967; t h e  

l a t e s t  a f t e r  1967 i s  n o t  y e t  a v a i l a b l e  a t  IIASA. A less d e t a i l e d  

enumera t ion  i s  made a n n u a l l y  by means o f  a  sample  s u r v e y .  R e -  

c e n t l y ,  t h e  q u e s t i o n  on "purchased  f u e l s  and  e l e c t r i c i t y  f o r  h e a t  

and  power" was added t o  t h e  Annual S u r v e y  o f  M a n u f a c t u r e s  

[2 t o  4 1 .  

Ou tpu t  by Manufac tu r ing  I n d u s t r i e s  

The d a t a  u s e d  by t h e  v a r i o u s  s o u r c e s  on  t h e  v a l u e  o f  o u t p u t  

r e p r e s e n t  e i t h e r  " v a l u e  added"  o r  " g r o s s  o u p u t " ;  t h e  l a t t e r  i s  

s i m i l a r  t o  " s h i p m e n t s "  and " s a l e s " .  The c e n s u s  p u b l i c a t i o n s  

show t h e  same amount o f  ene rgy  purchased  f o r  e i t h e r  " v a l u e  o f  
b 

sh ipmen t s"  o r  " v a l u e  added" .  See ,  f o r  example,  t h e  "Manufac tures  



Summary f o r  I n d u s t r y  G r o u p s w , a  s t a n d a r d  t a b l e  i n  t h e  US S t a t i s t i -  

C U Z  ~ b s t r a c t  [ S l .  S i n c e  it i s  a lways  t h e  same amount o f  e n e r g y ,  

it can  b e  p r o - r a t e d  a g a i n s t  e i t h e r  " g r o s s  o u t p u t "  o r  " v a l u e  added" 

o f  a  g i v e n  i n d u s t r y .  

I t  may f u r t h e r  b e  n o t e d  t h a t  t h e  v a l u e  o f  o u t p u t  d a t a  pub- 

l i s h e d  by t h e  c e n s u s  are a lways  i n  t e rms  o f  c u r r e n t  d o l l a r s  o n l y .  

Consequen t ly ,  a l l  d a t a  found i n  t h e  l i t e r a t u r e  on  o u t p u t  i n  

c o n s t a n t  p r i c e s  a r e  e s t i m a t e s .  T h i s  h a s  t o  b e  k e p t  i n  mind when 

comparing h i s t o r i c a l  d a t a  on  t h e  demand o f  ene rgy  p e r  v a l u e  of  

o u t p u t .  I t  w a s  found t h a t  t h e  d e f l a t o r  i m p l i c i t  i n  t h e  v a l u e  

added a t  1967 p r i c e s  used  by t h e  Ford  Founda t ion  [71 was q u i t e  

s i m i l a r  t o  t h e  one  used  by P r o j e c t  Independence [6 ]  f o r  t h e  y e a r s  

a t  which t h e y  o v e r l a p p e d .  T h e r e f o r e ,  w e  u sed  t h e  d e f l a t o r  i m -  

p l i c i t  i n  t h e  Ford  Founda t ion  s t u d y  t o  c o n v e r t  t h e  r a w  d a t a  from 

t h e  c e n s u s  i n t o  c o n s t a n t  p r i c e s  o f  1967 f o r  t h e  p e r i o d  1947-1967. 

However, t h e s e  d e f l a t o r s  re la te  o n l y  t o  t o t a l  m a n u f a c t u r i n g  and 

s i x  e n e r g y - i n t e n s i v e  g roups .  W e  e s t i m a t e d  t h e  d e f l a t o r s  f o r  t h e  

o t h e r  14 g roups  on t h e  b a s i s  o f  t h e  d i f f e r e n c e  between t o t a l  

m a n u f a c t u r i n g  and t h e  s i x  g roups  ment ioned above ,  p l u s  a d j u s t -  

ments  where n e c e s s a r y ,  w i t h  t h e  w h o l e s a l e  p r i c e  i n d e x .  

For  more r e c e n t  y e a r s ,  n o t  covered  i n  t h e  Ford  and P r o j e c t  

Independence  r e p o r t s ,  w e  e s t i m a t e d  v a l u e  added a t  1967 p r i c e s  by 

e x t r a p o l a t i o n  o f  t h e  1967 c e n s u s  v a l u e  added by t h e  F e d e r a l  

R e s e r v e ' s  I n d u s t r i a l  P r o d u c t i o n  Indexes  f o r  i n d i v i d u a l  i n d u s t r i e s .  

To t e s t  t h e  a c c u r a c y  o f  t h e s e  e s t i m a t e s  w e  compared t h e  growth  

r a t e  w i t h  t h e  i n d e x  numbers 1967 = 100 i m p l i c i t  i n  t h e  " ~ a n u -  

f a c t u r i n g  S a l e s  i n  C o n s t a n t  D o l l a r s ,  1959 t o  1975" p u b l i s h e d  i n  

t h e  Survey o f  Cuvlrent B u s i n e s s  o f  May 1976 [17;  pp. 161. Unfor- 

t u n a t e l y ,  we had t o  r e s o r t  t o  t h e s e  somewhat c o m p l i c a t e d  methods,  

b e c a u s e  t h e  v a l u e  added by m a n u f a c t u r i n g  i n d u s t r i e s  a t  t w o - d i g i t  

SIC l e v e l ,  p u b l i s h e d  i n  The Nat iona l  Income and Product  Accounts  

o f  t h e  US,  1 9 2 9 - 1 9 7 4  i n  t h e  Survey o f  Current  Bus iness  Supplement 

[16;  t a b l e  63 ,  p. 1891, w e r e  o n l y  g i v e n  i n  t e r m s  o f  c u r r e n t  

v a l u e s .  Moreover,  a d e f l a t o r  o f  t h e  c e n s u s  v a l u e  added a t  c u r -  

r e n t  p r i c e s  by t h e  w h o l e s a l e  p r i c e  i n d e x  w a s  n o t  f e a s i b l e  f o r  



several manufacturing groups. In order to obtain comparability 

with Ford, Project Independence, and Brookhaven projections, we 

then converted WAES 1972 values to the price level of 1967. Ob- 

viously, the data could be converted to a more recent price 

basis. 

Fortunately, the above described compilation of value added 

in constant prices, and hence energy input per value added, were 

later found to agree largely with the (Conference Board) data 

quoted in the New York Times of 26 March 1978 [24]. 

Enersy Demand Definitions 

The estimates of energy demand by manufacturing industries 

are largely based on the censuses mentioned above. They provide 

data up to four digit industry level on "fuels and electricity 

purchased for heat and power" in values (current dollars) and 

quantities (kwh). To facilitate comparisons, we converted the 

kwh to BTU on the basis of 1 kwh = 3460 BTU. This showed more 

clearly the differences between the various estimates and the 

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

The data on electricity demand when shown separately from 

that of fuels, as in Project Independence [6] and WAES [9] agree 

closely with the Census; they represent, as stated above, "pur- 

chased electricity". Likewise the UN tables on US manufacturing 

industries' electricity demand for individual industries, shown 

in the Growth of World Industry [18], are raw census data on 

"purchased electricity to generate heat and power". 

The difference between the census and the various estimates 

is in fuels, for reasons of coverage and concepts. As far as 

coverage is concerned, one has to recall that the census deals 

only with "purchases to generate heat and power", and therefore 

two major energy demand items are excluded: 

Fuels not purchased from the outside, i.e. captive coal 

consumption. This occurs mostly in the case of metallurgical 

coke used for primary metals production (SIC 33); this coal 

comes from mines owned by the steel companies. 



Fuels not used to generate heat and power but as raw 

materials or "feedstock" such as petroleum for the production of 

petrochemicals that are part of SIC 28 chemicals. Other feedstock, 

used for asphalt and roofing tar (part of SIC 29) is excluded 

from the present analysis, as stated above. 

Both captive coal and petroleum feedstocks are large items. 

Bzsed on the Ford estimates, the 1967 gross energy consumed for 

primary metals consisted to one third of captive coal [7; p. 21, 

table 1.31. The share of petroleum feedstocks for petrochemicals 

is nearly 50% of the chemical industries' combined fuel and elec- 

tricity demand in the WAES data for 1972 [9; page 5221. There- 

fore, the various attempts to fill the gaps left by the census 

explain some of the major differences between the various esti- 

mates with which we are presently confronted. 
. , .  . . 

# 4 Other differences among the various estimates result from' ' "  

differences in the concept of energy demand (see also Table 1 ) .  

The Brookhaven I n p u t / O u t p u t  compilations relate to "useful 

energy". This is the amount of energy in terms of heat, light, 

mechanical power, etc., actually used to provide a given energy 

service, e.g. heat for warming a room, light for reading a book 

power for turning a lathe, etc. This useful energy is net of all 

losses that occur at various stages, such as conversion of primary 

to secondary energy; transportation of secondary energy; and 

finally losses caused by conversion or adaptation to provide the 

final service2. 

The Brookhaven A n a l y s i s  o f  Pas t  and Expected Future Trends 

[I41 deals with primary fuels, involving a reconversion of second- 

ary to primary. The Ford study on Energy Consumption i n  Manu- 

f a c t u r i n g  I n d u s t r i e s  [7; p. 71 considers gross energy consumed. 

 or definition of concepts see also IIASA Workshop on Ener- 
gy Strategies, Conception and Embedding, Appendix p. 19, Laxen- 
burg, May 1977 [I91 and W. Hafele On Energy Demand, invited paper, 
X X I .  General Conference of the International Atomic Energy Agency, 
Vienna, September 1977 [20]. 



T h i s  measure i n c l u d e s  pu rchased  e l e c t r i c i t y  i n  t e r m s  o f  a n  a v e r -  

a g e  amount o f  f o s s i l  f u e l  r e q u i r e d  t o  make one k i l o w a t t  hour  o f  

e l e c t r i c i t y .  On t h e  o t h e r  hand,  t h e  Census [ I ] ,  P r o j e c t  Indepen-  

dence [6]  and  WAES 191 a r e  conce rned  w i t h  t h e  e n e r g y  d e l i v e r e d  

t o  t h e  m a n u f a c t u r i n g  i n d u s t r i e s  a s  t h e  l a s t  consumers o r  " f i n a l  

demand". T h i s  i s  a m i x t u r e  of  p r i m a r y  ( i . e .  c o a l )  and secondary  

e n e r g y  ( i .e .  f u e l  o i l s ;  e l e c t r i c i t y ) .  The d i f f e r e n c e  between 

p r imary  and  s e c o n d a r y  i s  n o t  s o  s i g n i f i c a n t  f o r  f u e l  o i l s ,  b u t  

f o r  e l e c t r i c i t y  m u l t i p l i c a t i o n  by a  f a c t o r  o f  r o u g h l y  3 .3  migh t  

b e  r e q u i r e d  t o  e x p r e s s  e l e c t r i c i t y  consumption i n  t e r m s  o f  prim- 

a r y  f u e l s .  I n  t h e  1 9 7 2  Census,  f u e l s  and e l e c t r i c i t y  q u a n t i t i e s  

a r e  shown s e p a r a t e l y ,  e x c e p t  f o r  s t a n d a r d  t a b l e s  6  and  7 which 

p r e s e n t  a n  u n a d j u s t e d  t o t a l  " r e p r e s e n t i n g  t h e  k i l o w a t t - h o u r s  

e q u i v a l e n t  o f  a l l  f u e l s  used f o r  h e a t  and power p l u s  t h e  q u a n t i t y  

of  pu rchased  e l e c t r i c i t y "  [ I ;  SR-85, f o o t n o t e  1 1 .  P r o j e c t  

Independence  [61 and WAES [ 9 ]  u s e  u n a d j u s t e d  t o t a l s  o f  d e l i v e r e d  

f u e l s  and  e l e c t r i c i t y  f o r  c o m p i l a t i o n s  o f  e n e r g y / o u t p u t  c o e f f i -  

c i e n t s .  The c r u d e  d e v i c e  o f  u n a d j u s t e d  t o t a l s  f o r  f i n a l  f u e l s  

and  e l e c t r i c i t y  c o u l d  be  j u s t i f i e d  on t h e  g rounds  t h a t  it s u f -  

f i c e s  t o  s t u d y  t h e  long- t e rm t r e n d s ,  i f  two c o n d i t i o n s  w e r e  m e t :  

The s h a r e  o f  e l e c t r i c i t y  i n  t h e  manufac tu r ing  i n d u s t r i e s '  

e n e r g y  demand i s  n o t  v e r y  h i g h ;  and  

I t  i s  n o t  e x p e c t e d  t o  change  much i n  t h e  c o u r s e  o f  t h e  

p r o j e c t i o n s .  

The f i r s t  c o n d i t i o n  a p p l i e s  t o  t h e  m a n u f a c t u r i n g  s e c t o r  a s  

a whole f o r  t h e  b a s e  y e a r  1972, when on t h e  a v e r a g e ,  e l e c t r i c i t y  

amounted t o  10 .5% o f  t h e  ( u n a d j u s t e d )  e n e r g y  demand. There  a r e  

however i m p o r t a n t  d e v i a t i o n s  from t h i s  a v e r a g e ,  i . e .  t r a n s p o r t a -  

t i o n  equipment  and " o t h e r  m a n u f a c t u r i n g "  where t h e  so-compiled 

e l e c t r i c i t y  s h a r e  i s  o v e r  20%,  and i n  t h e  n o n - f e r r o u s  metals 

i n d u s t r y  where it i s  o v e r  30%. F o r  d e t a i l s ,  see T a b l e  3 ,  "USA 

Consumption o f  F i n a l  F u e l s  and  E l e c t r i c i t y  by Manufac tu r ing  

I n d u s t r i e s ,  1972". A s  r e g a r d s  t h e  second c o n d i t i o n ,  it seems 

t h a t  b o t h  WAES and BNL f o r e s e e  a  h i g h e r  s h a r e  o f  e lec t r ic  power 

i n  f u t u r e  e n e r g y  demands o f  t h e  m a n u f a c t u r i n g  s e c t o r .  A s  s t a t e d  

i n  t h e  WAES r e p o r t  "Minimum p r e f e r e n c e s  f o r  e l e c t r i c i t y  i n  t h e  



i n d u s t r i a l  s c c t o r  i n  2000 a r e . . . 2 0  p e r c e n t  h i g h e r  t h a n  t h e  a c t u a l  

1972 perc;:ntage" [ l o ;  p .  621 and t a b l e  19 .3 ,  p .  6221. For  Brook- 

haven p r o j e c t i o n s  i n  t h i s  matter,  see f o r  i n s t a n c e  t h e i r  t a b l e s  

on  " P e r c e n t  o f  T o t a l  Energy S e r v i c e  A c t i v i t y  O c c u r r i n g  Wi th in  

S e l e c t e d  I n t e r i n d u s t r y  S e c t o r s "  [14;  p .  24, t a b l e  101. 

These f a c t o r s  s h o u l d  b e  k e p t  i n  mind when comparing energy  

demand p r o j e c t i o n s  o f  WAES w i t h  t h o s e  of  BNL. 

OBSERVATIONS 

The t i m e  series on e n e r g y  consumed, v a l u e  added ,  and t h e  

e n e r g y  r e q u i r e d  i n  t e r m s  o f  BTU t o  produce  one  d o l l a r  v a l u e  added 

a t  1967 p r j c e s  f o r  t o t a l  m a n u f a c t u r i n g  and  f i v e  e n e r g y - i n t e n s i v e  

i n d u s t r i e s  a r e  shown i n  T a b l e s  6  t o  10. I n  F i g u r e s  1  t o  6  t h e  

e n e r g y  c o e f f i c i e n t s  a r e  p l o t t e d f o r  t h e  e n t i r e  m a n u f a c t u r i n g  s e c -  

to r  e x c l u d i n g  p e t r o l e u m  r e f i n i n g  and coal p r o d u c t s ;  and f o r  t h e  

f i v e  e n e r g y - i n t e n s i v e  i n d u s t r i e s  t o t a l  a n d  i n d i v i d u a l l y .  For  an  

i n t e r p r e t a t i o n  o f  t h e  d a t a ,  one  s h o u l d  keep  i n  mind t h e  d i f f e r e n t  

methods used  by t h e  v a r i o u s  s o u r c e s ,  i n d i c a t e d  above.  These 

d i f f e r e n c e s  are r e f l e c t e d ,  a t  l e a s t  f o r  t h e  p r e - p r o j e c t i o n  p e r i -  

o d s ,  i n  t h e  l e v e l s  o f  t h e  c o e f f i c i e n t s .  

USA 1967 Energy C o e f f i c i e n t s ,  Manufac tu r ing  sectora 
- 

3 10 BTU p e r  1$ 
Value  Added 

( a t  1967 P r i c e s )  
VS Census ( f i n a l  e n e r g y  e x c l .  c a p t i v e  

c o a l  and f e e d s t o c k s )  4  1  

P r o j e c t  I n d e p e n d e ~ z c e  ( f i n a l  e n e r g y  i n c l .  
c a p t i v e  c o a l  and  f e e d s t o c k s )  

Brookhaven Ana Zy sis ( p r i m a r y  f u e l s  i n c l .  
c a p t i v e  c o a l  and  f e e d s t o c k s )  

Ford  S tudy  Manufac tur ing  ( g r o s s  f u e l s ,  
i n c l .  c a p t i v e  coal and  f e e d s t o c k s )  6  1  

a  = Exc lud ing  P e t r o l e u m  and Coa l  P r o d u c t s  
Source :  See T a b l e s  6  t o  10. 



Historical Growth Rates 

The message of the pre-projection period is that, regard- 

3 decrease ;f less of the levels, all indicators point tov---- 

the energy consumed per value added produced. The same trend 

is shown by all sources (US Manufacturing Census; Ford Report, 

Project Independence) to have occurred for total manufacturing 

and each of the five energy-intensive industries, since 1947 or 

some time thereafter until the present time. "The present time" 

for the Ford Study, Project Independence, and WAES means early 

1970s, as at the time of their compilation the results of the 

Annual Surveys for 1974 and later years were not yet at hand. 

They have since become available, showing continued increase in 

the efficiency of energy use in the manufacturing sector as a 

whole and in individual industries, though at differing intensi- 

ties and expectations. Moreover, another means of assessing 

progress in recent energy conservation has become available 

through the monitoring of progress achieved in the implementa- 

tion of the Federal law of 1974 favoring voluntary energy con- 

servation. 

The average efficiency of energy utilization in the manu- 

facturing sector (excluding coal and petroleum products) as 

measured by the Census data has increased from 75,000 BTU to 

produce one dollar value added (at 1967 prices) in 1947 to 

41,000 BTU in 1971, and since then to 33,000 BTU in 1976 (see 

Table 6). In 1971, the manufacturing companies purchased 

11.5 x 10q5 BTU of energy from the outside, compared with 

11.3 x loJ5 BTU in 1976, according to the Census data. If one 

adds to these purchases the energy that is self-produced by the 

manufacturing companies, the so-called self-generated electric- 

ity, and the coke made from coal mines owned by steel companies, 

the efficiency of energy utilization still continued to increase. 

This was commented upon by the New York Times in an article on 

The Energy Efficiency of US Industry by Victor K. McElheny [24]. 

What are the factors that caused this improvement, though 

small in some industries, that occurred during the recent re- 



cession? Does this performance reflect the impact of price 

elasticities? Is it the outcome of the above mentioned 1974 

Federal law to spur energy conservation in industry by means of 

a voluntary program? Were new, energy-saving, plants and equip- 

ment installed to replace older plants that had been built when 

energy was cheap? Has the product mix changed in favour of less 

energy-intensive industries? An answer to these questions might 

help to get a firmer basis forthe projections. A step in this 

direction might be to look at the long-term growth observed for 

individual energy-intensive industries. 

For the chemicals industries, the historical data show con- 

siderable and continued improvements (see also Figure 4). Im- 

proved energy efficiencies continued in the very recent period, 

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

program sets goals for energy efficiency that are to be achieved 

by 1 January 1980. Between 1972 and 1976, the chemicals are re- 

ported to have achieved a nine percent improvement (14 percent 

was sought). 

In the paper industries, energy efficiency has greatly im- 

proved over the years (see Figure 5). Further and biqger savings 

of energy input are expected from technological changes, through 

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

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

ported to be 50% below target [241. 

The group of "stone, clay, and glass" which includes cement, 

has also shown continuous improvement in energy efficiency (see 

Figure 6 ) .  Howeyer, like in the case of paper, mentioned above, 

the savings were disappointi-ngly small in the recent years [24]. 

On the other hand, fuel conservation has come up to expec- 

tations in the "petroleum refining and coal mining industries" 

and the "nonelectrical machinery manufacturing" that had met 

their goals of 12, respectively 15, percent savings [241. 



An i n d u s t r y  whose e n e r g y  i n p u t  m e r i t s  p a r t i c u l a r  a t t e n t i o n  

i s  t h e  g roup  o f  " p r i m a r y  m e t a l s " .  The h i s t o r i c a l  downward 

c o u r s e  o f  e n e r g y  q u a n t i t y  i n p u t  p e r  v a l u e  of  o u t p u t  h a s  a t  t i m e s  

been i n t e r r u p t e d  by s h o r t  upward s t r e t c h e s  (see F i g u r e  3 ) .  T h i s  

i s  s o  b e c a u s e  t h e  p r i m a r y  m e t a l s  a r e  p a r t i c u l a r l y  s e n s i t i v e  t o  
3  c y c l i c a l  e f f e c t s  . A s  s t a t e d  i n  t h e  Ford  r e p o r t  on Manufacturing 

Industries [7 ;  p .  111 t h e  e n e r g y  i n p u t  p e r  s h o r t  t o n  o f  raw s tee l  

was t r e n d w i s e  c o m p a r a t i v e l y  l o w  i n  1969 when p r o d u c t i o n  and  capac-  

i t y  u t i l i z a t i o n  w e r e  h i g h ;  i n  1958 and 1971,  when p r o d u c t i o n  and 

c a p a c i t y  u t i l i z a t i o n  were low,  t h e  e n e r g y  i n p u t  p e r  o u t p u t  was 

c o m p a r a t i v e l y  h i g h .  A s  s t a t e d  i n  t h e  Ford  S tudy ,  "one r e a s o n  f o r  

t h i s  is s imply  t h e  a v o i d a n c e ,  a t  h i g h  l e v e l s  o f  o u t p u t ,  o f  re- 

h e a t i n g  f u r n a c e s  or b o i l e r s  t h a t  a r e  a l l o w e d  t o  c o o l  d u r i n g  t h e  

s l a c k  p e r i o d s "  [ 7 ;  p .  11 1 . The r e l a t i v e l y  poor  pe r fo rmance  o f  

s l a c k  p e r i o d s  may e x p l a i n  t o  some e x t e n t  why t h e  e n e r g y  s a v i n g s  

e n v i s a g e d  under  t h e  above ment ioned  v o l u n t a r y  program had by 1976 

r e a c h e d  less t h a n  50% o f  t h e  t a r g e t  s e t  f o r  p r i m a r y  metals. 

Another  r e a s o n  may b e  t h e  f a c t  t h a t  d u r i n g  and a f t e r  t h e  r e c e n t  

r e c e s s i o n ,  companies  may p r e f e r  t o  accumula t e  c a s h  r a t h e r  t h a n  

s p e n d i n g  money f o r  s u c h  e x p a n s i o n i s t  i t e m s  a s  r e s e a r c h  and 

development ,  and i n s t a l l a t i o n  o f  new, e n e r g y  s a v i n g ,  p l a n t s  and 

equipment .  I n  f a c t ,  t h e  slowdown i n  c a p i t a l  s p e n d i n g  i s  t h o u g h t  

by some t o  be  r e s p o n s i b l e  f o r  t h e  f a c t  t h a t  t h e  " l a r g e - s c a l e "  

basic e n e r g y - i n t e n s i v e  i n d u s t r i e s ,  s u c h  a s  metals and p a p e r ,  have  

been  c o n s e r v i n g  e n e r g y  more s l o w l y  t h a n  o t h e r  i n d u s t r i e s 4  [24 ]  . 

 he p r i m a r y  m e t a l s  i n d u s t r y  shows t h e  o n l y  i n s t a n c e  where 
t h e  d i f f e r e n t  s o u r c e s  d o  n o t  seem t o  a g r e e .  From 1958 t o  1962, 
Census d a t a  ( p u r c h a s e d  f u e l s  and e l e c t r i c i t y  f o r  h e a t  and power) 
p o i n t  t o  an  i n c r e a s e ,  and  Ford and Project Independence (pu rchased  
f u e l s  and e l e c t r i c i t y  p l u s  c a p t i v e  c o a l )  show a  d e c r e a s e  o f  e n e r -  
g y  used  p e r  v a l u e  added .  A d i s a g g r e g a t i o n  o f  t h e  d a t a  shows t h a t  
t h e  e n e r g y  e f f i c i e n c y  d e r i v e d  from c a p t i v e  c o a l  became s o  s t r o n g  
t h a t  it overshadowed t h e  i n c r e a s e  i n  e n e r g y  p e r  v a l u e  added o f  
t h e  p u r c h a s e d  f u e l s  and e l e c t r i c i t y .  

4 ~ u o t a t i o n s  i n  t h e  New York Times [24]  o f  M r .  Ge lb ,  economis t  
o f  t h e  c o n f e r e n c e  Board. I t  may b e  n o t e d  t h a t  t h e  Confe rence  
Board ,  Energy I n f o r m a t i o n  C e n t r e ,  p r e p a r e d  t h e  s t u d y  on Energy 
Consumption i n  Manufacturing Industries, which w a s  p u b l i s h e d  i n  
1974 as p a r t  o f  t h e  Ford Founda t ion  e n e r g y  p o l i c y  p r o j e c t  [ 7 ] .  
I t  i s  u n d e r s t o o d  t h a t  t h i s  s t u d y  i s  now b e i n g  upda ted  [ 2 4 ] .  



Projections to the Year 2000 (Comparison of Estimates) 

All projections show continued growth of manufacturing 

output. The question is, will the tendency for less energy. 

per output observed in the past continue in the years to come? 

The various projections point towards a continuation of this 

trend for the "near future", up to 1985 (Ford Report; Project 

Independence; Brookhaven; and WAES for low and high economic 

growth). For the period 1985 to 2000, the trend implicit in the 

WAES projections sees further reductions in the use of energy per 

output, whereas the Brookhaven projections show that the end of 

the long line of rising energy efficiency in manufacturing in- 

dustries is reached by 1985; thereafter, until the year 2000, 

the efficiency seems to decrease. 

Here are some direct quotations from the two reports. As 

stated by WAES: 

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

percent per year for primary metals and 1.5 percent per year for 

other energy-intensive industries [lo; p. 6261 . 

The Brookhaven table on "Energy per Unit of Output" indicates 

that energy per unit of output will decrease 0.4% per year during 

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

[14; p. 1 1 1 .  As stated in the text: "... In the 1985-2000 period 
relative to the 1967-1985 period energy consumption per unit of 

output is expected to accelerate ... [14, p. 11/17]. 
In order to find an explanation for the apparent contra- 

diction in the messages on future energy efficiency in manufac- 

turing coming from the two reports, it may be useful to have a 

look at some of the assumptions underlying the projections: 

economic activity on energy demand growth rates; 

share of manufacturing in total energy demand; 

product mix, technological innovations. 

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

pact, such as elasticity of energy prices; government policy and 



e f f e c t i v e n e s s  o f  e n e r g y  c o n s e r v a t i o n  m e a s u r e s ;  a v a i l a b i l i t y  o f  

c a p i t a l  and  w i l l i n g n e s s  t o  i n v e s t  i n  e n e r g y  s a v i n g  d e v i c e s .  

~ c o n o m i c  A c t i v i t y  and Energy Demand - Growth R a t e s  

Compiled f rom v a r i o u s  s e c t i o n s  of  t h e  WAES and  BNL r e p o r t s ,  

t h e  a n n u a l  g rowth  r a t e s  f o r  economic a c t i v i t i e s  (GNP and  manu- 

f a c t u r i n g  o u t p u t )  and  e n e r g y  demand ( f i n a l  and  p r i m a r y  e n e r g y  a l l  

s e c t o r s  a n d  m a n u f a c t u r i n g  s e c t o r )  a r e  shown i n  T a b l e  4. F o r  de-  

t a i l s ,  see a l s o  T a b l e s  1 1  t o  14 on  g rowth  a s s u m p t i o n s  i n  v a r i o u s  

s c e n a r i o s  and  p r o j e c t i o n s .  The t a b l e s  show t h a t  t h e r e  i s  con- 

s i d e r a b l e  ag reemen t  be tween  WAES and  BNL o n  t h e  g rowth  r a t e s  of  

economic a c t i v i t y  a s  e x p r e s s e d  by t o t a l  GNP and  t o t a l  manu- 

f a c t u r i n g  o u p u t .  A d i s c r e p a n c y  e x i s t s  a s  t o  t h e  g rowth  o f  e n e r g y  

demand, e s p e c i a l l y  by t h e  m a n u f a c t u r i n g  s e c t o r .  T h i s  a p p a r e n t  

d i s c r e p a n c y  i s  l a r g e l y  d u e  t o  t h e  f a c t  t h a t  t h e  BNL e n e r g y  demand 

p r o j e c t i o n s  a r e  i n  t e r m s  o f  p r i m a r y  e n e r g y ;  t h i s  means t h a t  

a c c o u n t  i s  t a k e n  o f  a d d i t i o n a l  amounts o f  p r i m a r y  f u e l s  r e q u i r e d  

t@ m e e t  t h e  r a p i d l y  growing  demand f o r  e l e c t r i f i c a t i o n .  Whereas 

t h e  WAES d a t a  which  a r e  i n  t e r m s  o f  f i n a l  e n e r g y  e x c l u d e  s u c h  

c a l c u l a t i o n s ,  t h e y  r e p r e s e n t  s t r a i g h t  e x t r a p o l a t i o n s  o f  t h e  

h i s t o r i c a l  g rowth  r a t e s  f o r  f i n a l  e n e r g y .  

S h a r e  o f  i q a n u f a c t u r i n g  i n  T o t a l  Energy Demand 

A s  shown i n  T a b l e  5  on "The S h a r e  o f  I n d u s t r y  i n  T o t a l  Energy 

Demand" b o t h  BNL and  WAES e x p e c t  t h a t  t h e  e n e r g y  consumpt ion  by 

t h e  m a n u f a c t u r i n g  s e c t o r  a s  p e r c e n t  o f  t o t a l  e n e r g y  demand w i l l  

i n c r e a s e .  Accord ing  t o  BNL t h e  i n c r e a s e  i n  t e r m s  o f  p r i m a r y  f u e l s  

w i l l  be  f rom 27% i n  1967 t o  29% i n  1985 and  38% i n  2000. Accord- 

i n g  t o  WAES t h e  i n c r e a s e  i n  terms o f  f i n a l  e n e r g y  w i l l  be  f rom 

32% i n  1972 t o  40% i n  1985 and  47% i n  2000 under  " h i g h "  growth  o f  

a c t i v i t i e s ,  and t o  36% i n  1985 and  4 1 %  i n  2000 unde r  " low"  g rowth .  

The commentary o f f e r e d  by t h e  two r e p o r t s  on  t h e  r i s i n g  

s h a r e  o f  m a n u f a c t u r i n g  and  i n d u s t r y  i n  t o t a l  e n e r g y  demand i s  

s t a t e d  by t h e  BNL: 



"The e s t i m a t e d  1 9 8 5  t o  2 0 0 0  t r e n d  toward g r e a t e r  con- 
c o n t r a t i o n  o f  energy  consumpt ion  w i t h i n  i n d u s t r y  par- 
t i a l l y  r e f l e c t s  g r e a t e r  t h a n  average expec ted  improve-  
ments  i n  t h e  e f f i c i e n c y  o f  nonmanufacturing u s e s  o f  
energy .  I n  p a r t i c u l a r ,  E K D A  e s t i m a t e s  t h a t  i n  t h i s  
t i m e  per iod  t r a n s p o r t a t i o n  end use  e f f i c i e n c i e s  w i l l  
s i g n i f i c a n t l y  i n c r e a s e  and t h a t  space h e a t i n g  r e q u i r e -  
ments  w i  Z l  d e c l i n e  v i a  improved i n s u l a t i o n .  Much 
s m a l l e r  e f f i c i e n c y  improvements  are  e x p e c t e d  i n  manu- 
f a c t u r i n g - o r i e n t e d  a c t i v i t i e s ,  such a s  process  h e a t ,  
f e e d s t o c k ,  and d i r e c t  e l e c t r i c  d r i v e  a c t i v i t i e s .  I t  
should  a l s o  be ment ioned t h a t  t h i s  t r e n d  toward g r e a t e r  
c o n c e n t r a t i o n  o f  energy  consumpt ion  w i t h i n  i n d u s t r y  
over  t ime  has a l s o  been f o r e c a s t e d  by e c o n o m e t r i c i a n s .  
They e s t i m a t e  t h a t  a  g r e a t e r  degree  o f  non-energy for  
energy  s u b s t i t u t i o n  e x i s t s  o u t s i d e  o f  t h e  manufactur-  
i n g  s e c t o r " .  [ 1 4 ;  p. 1 3 / 1 4 ]  

The WAES n o t e s  t h a t  "The d a t a .  . . i n d i c a t e  a c o n t i n u i n g  s h i f t  

away from energy  usage  by i n d i v i d u a l  consumers and toward energy  

u s e  by i n d u s t r y  ..." [ l o ;  p. 6271.  The message i m p l i c i t  i n  t h e s e  

s t a t e m e n t s  i s  t h a t  g r e a t e r  s a v i n g s  i n  ene rgy  c o n s e r v a t i o n  may be 

fo r thcoming  from t h e  t r a n s p o r t a t i o n ,  commercial ,  p u b l i c ,  and 

r e s i d e n t i a l  s e c t o r s  [ l o ;  p. 6 2 7 1 .  

Produc t  Mix, T e c h n o l o g i c a l  I n n o v a t i o n s ,  Materials Swi tch ing  

During t h e  p a s t  p e r i o d  o f  abundant  and r e l a t i v e l y  inexpen- 

s i v e  energy  s u p p l y ,  t h e  f a c t o r s  t h a t  accoun ted  l a r g e l y  f o r  energy 

s a v i n g s  p e r  v a l u e  of  o u t p u t  were s h i f t s  i n  t h e  p r o d u c t  mix and 

t e c h n o l o g i c a l  i n n o v a t i o n s .  

P roduc t  mix. With t h e  p l i g h t  o f  t h e  s t ee l  i n d u s t r i e s  con- 

t i n u i n g  f o r  some t i m e  i n  t h e  f u t u r e ,  t h e r e  i s  a p o s s i b i l i t y  f o r  

a d e c r e a s e  i n  t h e  amounts o f  ene rgy  r e q u i r e d  f o r  t h e  pr imary  

metals i n d u s t r i e s  ( though n o t  a d e c r e a s e  i n  t h e  amount o f  f u e l  

p e r  u n i t  o f  o u t p u t ) .  On t h e  o t h e r  hand a development i n  t h e  

o p p o s i t e  d i r e c t i o n ,  towards  o t h e r ,  e n e r g y - i n t e n s i v e ,  i n d u s t r i e s ,  

h a s  a l s o  t o  be  reckoned w i t h .  Both t h e  Brookhaven and WAES re- 

p o r t s  f o r e s e e  a  s h i f t  i n  t h e  p r o d u c t  mix f a v o r i n g  t h e  energy-  

i n t e n s i v e ,  p e t r o c h e m i c a l s  i n d u s t r i e s  ( t o  pay f o r  h i g h e r  o i l  i m -  

p o r t s  a c c o r d i n g  t o  t h e  BNL a n a l y s i s ) .  Moreover, t h e  Brookhaven 

a n a l y s i s  f o r e s e e s  a h i g h e r  p e r c e n t a g e  i n  heavy machinery a n d  



c a p i t a l  goods p r o d u c t i o n  f o r  p u b l i c  u t i l i t y  c o n s t r u c t i o n  a s  an 

e l e m e n t  t o  i n c r e a s e  t h e  m a n u f a c t u r i n g  s e c t o r ' s  e n e r g y  demand 

[ 1 4 ;  p .  121; and  a s  s t a t e d  above ,  r i s i n g  p r e f e r e n c e  f o r  e lec t r ic -  

i t y .  

An i n c r e a s e d  o u t p u t  o f  c h e m i c a l s  and i n c r e a s e d  demand f o r  

f e e d s t o c k s  i s  a l s o  f o r e s e e n  i n  t h e  WAES p r o j e c t i o n s .  

T e c h n o l o g i c a l  i n n o v a t i o n s .  Examples f o r  i m p o r t a n t  i n c r e a s e s  

i n  p r o c e s s i n g  e f f i c i e n c i e s  a r e  s a v i n g s  of  e n e r g y  by c a p t u r e  of  

p r o c e s s  h e a t  i n  p r i m a r y  m e t a l s  i n d u s t r i e s  and t h e  c o n v e r s i o n  o f  

w a s t e s  t o  e n e r g y  i n  t h e  p a p e r  i n d u s t r i e s .  A s  shown unde r  t h e  

r e c e n t  c a p i t a l  c r u n c h  1974-1976, t h e  e n e r g y  s a v i n g s  i n  t h e s e  i n -  

d u s t r i e s  d i d  n o t  come up t o  e x p e c t a t i o n s .  However, t h e  BNL f o r e -  

sees c o n t i n u a t i o n  o f  t h e  e n e r g y  s a v i n g  t r e n d  i n  t h e  p a p e r  i n d u s -  

t r y  beyond 1985. Based on BNL p r o j e c t i o n s  f o r  e n e r g y  demand and  

v a l u e  added ,  p a p e r  i s  t h e  o n l y  i n d u s t r y  where t h e  e n e r g y  p e r  

v a l u e  added c o e f f i c i e n t  c o n t i n u e s  t o  d e c r e a s e  f o r  1985 t o  2000 

(see d a t a ,  T a b l e  9 ) .  

M a t e r i a l s  s w i t c h i n g .  S a v i n g s  i n  t h e  e n e r g y  consumpt ion  c a n  

a l s o  b e  e x p e c t e d  f rom m a t e r i a l s  s w i t c h i n g ;  i n  t h e  a u t o m o b i l e  sec- 

t o r  t h e y  c o u l d  m a t e r i a l i z e  i f  t h e  FEA mandated f u e l  e f f i c i e n c y  

r e q u i r e m e n t s  s u c c e e d  w i t h  a u t o m o b i l e s  becoming l i g h t e r  o v e r  t i m e ,  

u s i n g  more aluminium and p l a s t i c s  and less s t ee l  and  g l a s s  [14;  

p .  271. The " m i n i a t u r i z a t i o n "  o r  p r o c e s s  by which o v e r  t i m e  

f ewer  and  fewer  pounds o f  m a t e r i a l s  were i n c o r p o r a t e d  i n  e a c h  

p r o d u c t  ( a s  s e e n  i n  t h e  d e c r e a s i n g  w e i g h t s  o f  r a d i o s ,  c o m p u t e r s ) ,  

h a s  g r e a t l y  c o n t r i b u t e d  i n  t h e  p a s t  t o  r e d u c e  t h e  e n e r g y  p e r  

v a l u e  added c o e f f i c i e n t .  The q u e s t i o n  i s :  To what e x t e n t  w i l l  

t h i s  and  o t h e r  e n e r g y  s a v i n g  d e v i c e s  c o n t i n u e  t o  p r e v a i l  i n  t h e  

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

a = 1972 

Sources: See reference numbers. 

1967 

Brookhaven, Analysis [I41 

Fuels Electricity Total 

1 o1 2~~~ I O ~ ~ B T U  1 o1 2~~~ 

Primary Fuel 1 15002 

Ford Foundation [711 
Gross Energy 

Project Independence [ 6 1 
Final Energy 

US Census [1 I 
Final Energy 

Brookhaven,Input/Output [I21 
Useful Energy 

1971 

Ford Foundation [ 7 1 
Gross Energy 

Project Independence [61 
Final Energy 

US Census [1 I 
Final Energy 

WAES [g] Final Energy 

15557 

1081 0 1396 

9015 1396 

9655 

16821 

1 1  452 1677 

9804 1685 

14376~ 1 8 1 3 ~  1718ga 



Table  3. USA Consumption of  F i n a l  F u e l s  and E l e c t r i c i t y  by Manu- 
f a c t u r i n g  I n d u s t r i e s ,  1972; A f t e r  WAES. 

12 b = I n c l u d e s  f e e d s t o c k s ,  2929 x 10 BTU 

I n d u s t r i e s  

I r o n  and S t e e l  

Nonfer rous  M e t a l s  

Paper  and A l l i e d  

Chemical 

M i n e r a l  P r o d u c t s  

Food and R e l a t e d  

T r a n s p o r t a t i o n  ~ q u i p m e n t  

Othe r  Manufac tu r ing  

T o t a l  ~ a n u f a c t u r i n ~ ~  

a = Excludes  a s p h a l t  and r o a d  t a r  f e e d s t o c k s ,  and Pe t ro leum 
and c o a l  p r o d u c t s  

F o s s i l  E l e c t r i -  T o t a l  Share  of  
F u e l s  c i t y  E l e c t r i -  

IO'~BTU IO'~BTU I O ~ ~ B T U  
c i t y  

% 

3382 206 3588 5.7 

580 276 856 32.2 

1419 128 1547 8.3 

5583b 370 5953 6.2 

1376 96 1472 6.5 

892 119 1011 11.8 

323 102 425 24.0 

1821 516 2337 22.1 

1 5 3 7 6 ~  1813 1 7 1 8 9 ~ ; ~  10.5 

Source :  A f t e r  P7AES E n e r g y  Demand S t u d i e s  [ 9; p. 522/523] . 



Table 4. USA Economic Activities and Energy Demand, Projected 
Annual Growth Rates, 1985 to 2000;  a Comparison of 
BNL and WAES Estimates. 

Economic Activities 

OGNP 

.Manufacturing Output 

Enerqy Demand 

.All Seckors 

Final Energy 

Primary Energy 

l !.lanu£ acturing Sector 

Final Energy 

Primary Energy 

BNL WAES 
"CWHigh "Dl' LOW 

Sources: Compiled from D.J. ~ehling, BNL A n a l y s i s  [I41 and WAES 
~ u p p  Zy-Demand I n t e g r a t i o n s  [I 01. 
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Table 15. USA 1967 Usefu l  Fuel  and E l e c t r i c i t y  Used by Manufac- 
t u r i n g  I n d u s t r i e s ;  Gross  Output  and BTU/$ Gross Out- 
p u t ;  A f t e r  Brookhaven BNL 1 1  0. - 

Note: Data i n  BTU p e r  $ g r o s s  o u t p u t  compiled from [I21 m u l t i p l i e d  
w i th  t h e  cor responding  va lue s  o f  g r o s s  o u t p u t  from t h e  US 
Census of  Manufactures f o r  1967 a s  reproduced i n  t h e  US 
Statistical Abstract [5]. 

Manufacturing I n d u s t r i e s  

US 
SIC 
Code 

20 Food, Beverages 

21 Tobacco 

22 T e x t i l e s  

23 Apparel 

24 Lumber 

25 F u r n i t u r e  

26 Paper  

27 P r i n t i n g  and P u b l i s h i n g  

28 Chemicals 

30 Rubber 

31 Leather ,  Shoes 

32 Stone ,  Clay 

( I r o n  and S t e e l )  

( Non-Ferrrous Primary Meta l s )  

33 Primary Meta l s  

34 Fab r i ca t ed  Meta l s  

35 N o n e l e c t r i c a l  Elachinery 

36 E l e c t r i c a l  Machinery 

37 T r a n s p o r t a t i o n  Equipment 

38 I n s t rumen t s  

39 Misce l laneous  
Tota l ,Exc l .Pe t ro leum Ref in ing  

29 Petroleum Re f in ing  

Grand T o t a l  

Gross Output  Usefu l  Fue l  and Elec- 
(Value of t r i c i t y  Used 
Shipments) ( A l l  P roce s se s )  

T o t a l  BTU p e r  Gross 
Output 

10% l 0 ' h  BTU 

83 975 615 7 3 3 0 

4 904 1 1  2260 

19 815 215 10856 

21 327 7 2 3376 

1 1  206 191 17044 

7 750 6 0 7742 

20 970 799 38 102 

21 738 6 2 2840 

42 148 291 1 69066 

12 759 127 9954 

5 169 2 2 4256 

14 449 836 57859 

(27 410) (2340) (85370) 

( 19 321) (451) (23342) 

46 731 2791 59725 

34 578 228 6594 

48 477 198 4084 

43 361 780 4151 

68 512 251 3664 

9 907 28 2826 

17 579 58 3299 

535 355 9655 18035 

22 043 

557 398 



T a b l e  16.  USA U s e f u l  F u e l  and E l e c t r i c i t y  Used i n  M a n u f a c t u r i n g  I n d u s t r i e s ,  
by  P r o c e s s e s ,  i n  1967; A f t e r  Brookhaven BNL 110. 

I F u e l  a n d  E l s c t r i c i t y  u s e d  by P r o c e s s :  

M a n u f a c t u r i n g  
I n d u s t r i e s  

u s  
SIC 
Code 

20 Fba3,Beverages 

21 

22 Textiles 

23 Pgparel 

24 Lumkr 

25 F'urniture 

26 Paper 

27 Pr in t ing  

28 Chenicals 

30 Fubker 

31 Ieather, Shoes 

32 Stone,Clay 

(1rm and Stee l )  

Ore 

32~~ f E -  I I 

33 Primary W t a l s  

34 Fabr.&tals 

35 ~ o n e l e c . m A n -  

36 Electr.Machin. 

37 Transp.4.  

38 Instruments 

39 Miscellaneous 

Total 
Chem. 

M r i v e  1 Pm- 1 water1 Space 1 A k -  I Elec- 
rawer cess  cat ~ i e a t  a n d i -  tric I pro- I 

1 0 l 2  
BTU 

Note :  Data  from [ I  21 i n  BTU p e r  $ g r o s s  o u t p u t .  The c o e f f i c i e n t s  (BTU 
p e r  $ g r o s s  o u t p u t )  were m u l t i p l i e d  w i t h  t h e  g r o s s  o u t p u t  v a l u e s  
f rom t h e  US Census  o f  Manufactures a s  r e p r o d u c e d  i n  t h e  US S t c r t i -  
s t i c a l  A b s t r a c t  151. 

H e a t  a n d  Power 

I 

1 0 l 2  
ETU 

1 0 l 2  
EPU 

 eat 

1 o I 2  
ETU 

1 0 l 2  
BTU 

1012 
BTU 

t?n- 

7 2  
BTU 

- 
1 0 l 2  
BTU 

cesses 

1 0 l 2  
BTU 



Table 17. USA Percentage S t r u c t u r e  of Useful Fuel and E l e c t r i c i t y  Used by 
P roces se s ,  i n  Manufacturing I n d u s t r i e s ,  i n  1967; A f t e r  Brook- 
haven BNL 1 10. 

20 Focd,Bmrerages 

21 Tobacco 

! . I a n u f a c t u r i ~ ~ ~  
I n d u s t r i e s  

u s  
s I C  
Code 
- 

22 Textiles 

23 -el 
24 Lunber 
25 Furniture 

26 Paper 

27 Printing 

28 Chenicals 

30 Rk&r . 
31 --, Shoes 
32 Stone,Clay 

(Iron and Steel 
(Non-Far . h k t i i l ~  

33 J?rh=-Y Metab 

34 Fahr.MetalS 
35 ~0nelec-Echi-n. 

36 El--Machin. 

37 Transp.4. 

38 I n s w t S  

39 Miscellaneous 

meal 
m .  
used 

1012 
m 

a = This  e l e c t r i c  power may be understood a s  "non-subs t i tu tab le"  e l e c t r i c i t y .  

Note: Data [I21 a r e  taken  from Table 15. 
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F i g u r e  1 .  USA T o t a l  M a n u f a c t u r i n g  Exc lud ing  P e t r o l e u m  and 
Coa l  P r o d u c t s  
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F i g u r e  2 .  USA F i v e  Energy  I n t e n s i v e  ~ n d u s t r i e s  T o t a l  (Food; 
P a p e r ;  Chemica l s ;  S t o n e ,  c l a y ,  and G l a s s ;  M e t a l s )  
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F i g u r e  3 .  USA Pr imary  Metals I n d u s t r i e s  



Figure 4. USA Chemicals Industries 
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Figu re  6 .  USA S tone ,  Clay,  and G la s s  I n d u s t r i e s  




