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FOREWORD 

Many of  t o d a y t s  most s i g n i f i c a n t  socioeconomic problems,  
such a s  s lower  economic growth,  t h e  d e c l i n e  of some e s t a b l i s h e d  
i n d u s t r i e s ,  and s h i f t s  i n  p a t t e r n s  of f o r e i g n  t r a d e ,  a r e  i n t e r -  
o r  t r a n s n a t i o n a l  i n  n a t u r e .  But t h e s e  problems man i f es t  them- 
s e l v e s  i n  a  v a r i e t y  of  ways; bo th  t h e  i n t e n s i t i e s  and t h e  pe r -  
c e p t i o n s  of  t h e  problems d i f f e r  from one coun t r y  t o  a n o t h e r ,  s o  
t h a t  i n t e r c o u n t r y  comparat ive  a n a l y s e s  of r e c e n t  h i s t o r i c a l  
developments a r e  necessa ry .  Through t h e s e  a n a l y s e s  we a t t emp t  
t o  i d e n t i f y  t h e  unde r l y i ng  p rocesses  of economic s t r u c t u r a l  
change and f o rmu la te  u s e f u l  hypotheses concern ing  f u t u r e  de- 
velopments. The unders tand ing  of t h e s e  p rocesses  and f u t u r e  
p r o s p e c t s  p rov ides  t h e  f ocus  f o r  IIASA's p r o j e c t  on Comparat ive 
Ana l ys i s  of Economic S t r u c t u r e  and Growth. 

Our r e s e a r c h  c o n c e n t r a t e s  p r i m a r i l y  on t h e  e m p i r i c a l  
a n a l y s i s  of  i n t e r r e g i o n a l  and i n t e r t e m p o r a l  economic s t r u c t u r a l  
change,  on t h e  sou rces  of and c o n s t r a i n t s  on economic growth, 
on problems of  a d a p t a t i o n  t o  sudden changes,  and e s p e c i a l l y  on 
problems a r i s i n g  from changing p a t t e r n s  of i n t e r n a t i o n a l  t r a d e ,  
r e s o u r c e  a v a i l a b i l i t y ,  and techno logy.  I n  t h i s  paper  one of 
t h e  most long-s tand ing i n d u s t r i e s  and t h e  impact of i t s  t ech -  
n o l o g i c a l  changes on energy  consumption a r e  cons ide red .  Econo- 
m e t r i c  a n a l y s i s  of c ross -coun t ry  and time-series d a t a  h e l p s  t o  
r e v e a l  t h e  impact  which i s  wide ly  d i scussed  i n  d e t a i l e d  eng i -  
n e e r i n g  r e p o r t s .  

A n a t o l i  Smyshlyaev 
Pro  j e c t  Leader 
Comparat ive Ana lys is  of 
Economic S t r u c t u r e  and Growth 



BREAKING THE ENERGY COEFFICIENT:  CROSS-COUNTRY 
ANALYSIS FOR THE I R O N  AND STEEL INDUSTRY 

B. Amable 
A .  Smyshlyaev 

INTRODUCTION 

Th i s  paper  examines energy  consumption i n  t h e  i r o n  and 
s tee l  s e c t o r  i n  s i x  major  Western c o u n t r i e s  (Un i ted S t a t e s ,  
Japan ,  France,  t h e  F R G ,  I t a l y ,  and t h e  Uni ted Kingdom) i n  re- 
l a t i o n  t o  changes i n  t h e  p roduc t ion  s t r u c t u r e  of t h e  i n d u s t r y .  
A s  f a r  a s  n a t i o n a l  energy  consumption i s  concerned,  t h e  i r o n  
and s teel  s e c t o r  p l a y s  an  impor tan t  r o l e :  be ing  an energy-  
i n t e n s i v e  s e c t o r ,  i t s  s h a r e  i n  t o t a l  i n d u s t r i a l  energy  con- 
sumption is  g e n e r a l l y  h i gh  (see Table  I ) ,  and t h e  s e c t o r  i t s e l f  
i s  u s u a l l y  t h e  f i r s t  o r  second l a r g e s t  ( a f t e r  chemica ls )  i n -  
d u s t r i a l  energy  consumer; w i t h i n  t h e  s e c t o r ,  energy  c o s t s  
r e p r e s e n t  between 2 0  and 60% of p roduc t ion  c o s t s  a t  each  s t a g e  
of p roduc t ion  ( [ 3 1 ) .  

Tab le  1 .  Share  of energy  consumption of  t h e  i r o n  and stee l  
s e c t o r  i n  t o t a l  i n c l u s t r i a l  energy  consumption ( % I ,  
1970-82.. 

USA JAP FRA FRG ITA UK 

Source: [ I ] .  



The f i r s t  p a r t  o f  t h e  paper  rev iews t h e  de te rm inan ts  o f  
snergy  consumption i n  t h e  i r o n  and s t e e l  i n d u s t r y ,  focus ing  on 
changes over  t ime i n  s teel -making p rocesses .  The second p a r t  
d e s c r i b e s  an econometr ic  s t u d y  of t h e  r o l e  p layed  by t h e  
f a c t o r s  i d e n t i f i e d  i n  P a r t  I i n  t h e  dec rease  of t h e  energy  
c o e f f i c i e n t .  

I. DETERMINANTS OF THE EVOLUTION OF ENERGY CONSUMPTION I N  
I R O N  AND STEEL PRODUCTION 

1 .  Data Sources  

The energy  consumption f i g u r e s  ( i n  m i l l i o n s  of  t o n s  of o i l  
e q u i v a l e n t )  a r e  t aken  from t h e  'OECD Energy Ba lances 1970-1982'. 
The OECD d a t a  p rov ide  s u f f i c i e n t l y  cohe ren t  t ime series f o r  a  
c ross -coun t ry  a n a l y s i s ,  even i f  f i g u r e s  i n  a b s o l u t e  t e r m s  d i f f e r  
from t h o s e  g i ven  i n  n a t i o n a l  energy  ba lances ,  most ly  because of  
convers ion  c o e f f i c i e n t s  and d i f f e r e n t  accoun t i ng  p r a c t i c e s .  
The energy  f i g u r e s  e x p r e s s  t h e  n e t  energy  consumption of  t h e  
s e c t o r ;  convers ion  l o s s e s  i n  cok ing and p roduc t ion  o f  b l a s t -  
f u rnace  g a s  and coke-oven g a s  a r e  n o t  i nc l uded  i n  i r o n  and 
s t e e l  energy  consumption. 

The f i g u r e s  concern ing  s t e e l  p roduc t ion  a r e  taken  from t h e  
UN Q u a r t e r l y  B u l l e t i n  o f  I r o n  and S t e e l ,  sometimes from t h e  
OECD annual  p u b l i c a t i o n  'The I r o n  and S t e e l  I n d u s t r y ' ,  o r  from 
v a r i o u s  n a t i o n a l  s o u r c e s ,  s i n c e  d i f f e r e n c e s  between sou rces  
a r e  g e n e r a l l y  n e g l i g i b l e .  The p roduc t ion  of c rude  s t e e l  i s  
measured i n  thousands o f  m e t r i c  t o n s ,  w i t h  co r respond ing  
f i g u r e s  f o r  each  s e p a r a t e  p rocess :  open-hear th ,  oxygen, e l e c t r i c ,  
and con t inuous-cas t .  

The energy  c o e f f i c i e n t  choserL i s  d e f i n e d  a s  f o l l ows :  

s e c t o r a l  energy  consumption 
t o t a l  p roduc t i on  of  c r u d e  steel 

i n  u n i t s  of  t o e / m e t r i c  t o n  of c rude  s t e e l .  

The p roduc t i on  of  c rude  steel i s  t h e  i n d i c a t o r  of a c t i v i t y  
cons ide red ,  a l t hough  i t does n o t  i t s e l f  r e p r e s e n t  t h e  f i n a l  
s t a g e  of t h e  i r o n  and steel  i n d u s t r y .  S ince  t h i s  paper  d e a l s  
most ly  w i t h  changes i n  p roduc t ion  p rocesses  r a t h e r  than  w i t h  
changes i n  demand, it seems b e t t e r  t o  r e f e r  t o  c rude  steel 
throughout .  Moreover, c rude  s t e e l  i s  a homogeneous p roduc t ,  
whereas it is  d i f f i c u l t  t o  add up t h e  p roduc t s  o f  d i f f e r e n t  
s t a g e s  o f  p rocess ing  i n t o  one cohe ren t  f i n i shed -p roduc t s  in -  
d i c a t o r .  There have been no g r e a t  d i f f e r e n c e s  i n  t h e  h i s t o r i -  
c a l  e v o l u t i o n  o f  t h e  p roduc t ion  o f  c rude and f i n i s h e d  s t e e l , *  
though t h e r e  have been some d i f f e r e n c e s  a c r o s s  c o u n t r i e s ,  de- 
pending on p r o d u c t i v i t y ,  impor ts  o r  e x p o r t s  of c rude  s t e e l ,  
etc.  

* 
I n  volume t e r m s .  



The r a t i o s  of  r o l l e d  p roduc t s  t o  c rude  steel  i n  1978  f o r  
t h e  s i x  c o u n t r i e s  s t u d i e d  w e r e  a s  f o l l ows :  

USA JAP FRA F  RG I T A  
. 7 2  . 9 0  . 9 0  . 8 5  . 7 4  

Source:  [ 2 ] .  

The energy  requ i rements  f o r  f i n i s h e d  steel  on ly  do n o t  
r e p r e s e n t  more t han  2 0 %  of  t h e  t o t a l  energy  requ i rements  of 
t h e  s e c t o r ,  a s  shown i n  Tab le  2 .  

Table  2 .  Direct energy i n p u t s  a t  d i f f e r e n t  s t a g e s  of  pro- 
d u c t i o n  a s  pe rcen tages  of  t o t a l  energy  use ,  1 9 8 0 .  

O r e  prepara- 
t ion, agglo- 
mrat ion,  & Crude Rolled 
pig iron steel products Other 

Country production production & tubes uses Total 

Japan 6 1 . 5 1  8 . 4 3  1 4 . 9 4  1 5 . 1 2  1 0 0 . 0 0  
France 6 7 . 7 9  6 .84  1 4 . 4 7  1 0 . 9 0  1 0 0 . 0 0  
FRG 6 1 . 7 0  7 . 1 9  1 4 . 5 8  1 6 . 5 3  1 0 0 . 0 0  
I t a l y  39 .17  1 7 . 1 9  2 1 . 4 3  2 2 . 2 3  1 0 0 . 0 0  
UK 4 6 . 4 3  1 1  - 2 1  1 8 . 0 3  2 4 . 3 3  1 0 0 . 0 0  

Source:  [ 3 ] .  

2 .  S t e e l  P roduc t ion  

The s i x  c o u n t r i e s  s t u d i e d  each  have a  t o t a l  annua l  steel  
produc t ion  i n  excess  of  10 m i l l i o n  t o n s ,  wh i l e  Japan and t h e  
Uni ted S t a t e s  a r e ,  r e s p e c t i v e l y ,  t h e  f i r s t  and second l a r g e s t  
Western steel  producers  (Tab le  3 ) .  The e v o l u t i o n  of  produc- 
t i o n  a c r o s s  c o u n t r i e s  has ,  however, been r a t h e r  d i f f e r e n t .  

Tab le  3 .  Produc t ion  of c rude  steel ( i n  m i l l i o n  t o n s ) ,  1 9 7 0 -  
8 2 .  

Year USA JAP FRA FRG I T A  UK 

Only Japan and I t a l y  i n c r e a s e d  t h e i r  p roduc t ion  between 
1 9 7 0  and 1 9 8 2 ,  wh i l e  t h e r e  was a  marked dec rease  f o r  a l l  t h e  
o t h e r  c o u n t r i e s ,  p a r t i c u l a r l y  f o r  t h e  Uni ted S t a t e s  and t h e  



Uni ted Kingdom. The 1970s w i tnessed  a  s e v e r e  c r i s i s  i n  t h e  
i r o n  and steel  s e c t o r  on a  world l e v e l ,  and each  coun t r y  ex- 
pe r i enced  some consequent  d e c r e a s e s  i n  p roduc t ion .  Around 
1974-75, eve ry  coun t r y  exper ienced  a  r e c e s s i o n ,  wh i l e  some had 
had one even e a r l i e r  (Japan (1973 ) ,  FRG ( 1 9 7 1 ) ) ;  a f t e r  1975, 
n e i t h e r  Japan nor  I t a l y  saw a f a l l  i n  t h e i r  r e s p e c t i v e  pro- 
duc t i on  o f  c rude  s t e e l ,  excep t  f o r  a  slow dec rease  a f t e r  1979 
f o r  Japan.  For  t h e  o t h e r  c o u n t r i e s ,  1980-82 was a  pe r i od  of  
c r i s i s ,  w i t h  US p roduc t ion  dec reas ing  by 38%, and UK produc- 
t i o n  by 48%. The r e c e n t  e v o l u t i o n  of  t h e  i n d u s t r y  i n  each  
coun t r y  i s  summed up i n  Tab le  4 .  

Table 4 .  Dynamics of  steel  produc t ion  by c o u n t r y ,  1970-82. 

Parameter  USA JAP FRA F RG I T A  UK 

Change i n  l e v e l  
o f  p roduc t i on  
between 1970 
and 1982 ( % )  -44.5 +6.7 -22.6 -20.8 +39.0 -51.6 

Peak y e a r  
du r i ng  t h e  
p e r i o d  1973 1973 1974 1974 1980 1970 

Lowest y e a r  
du r i ng  t h e  
p e r i o d  1982 1971 1982 1982 1970 1982 

D i f f e rence  be- 
tween peak y e a r  
and 1982 l e v e l  
( % I  -50.6 -19.8 -31.0 -32.6 -9.4 -51.6 

Japan and I t a l y  a r e  t h e  two e x c e p t i o n s ,  w i t h  t h e  f o u r  o t h e r  
c o u n t r i e s  f o l l ow ing  e s s e n t i a l l y  t h e  same t r e n d :  peak p roduc t i on  
occu r red  b e f o r e  t h e  f i r s t  o i l  shock and t h e  lowes t  y e a r  was 
1982. The Uni ted Kingdom is  t h e  most extreme example of  t h i s  
t r e n d ,  w i t h  a  d e c r e a s e  throughout  t h e  p e r i o d .  I t a l y ' s  ex- 
p e r i e n c e  was e x a c t l y  o p p o s i t e  t o  t h a t  of  t h e  Uni ted Kingdom: 
t h e r e  was a  more o r  less con t inuous  i n c r e a s e  o f  p roduc t i on ,  
i n  c o n t r a s t  w i t h  a l l  t h e  o t h e r  c o u n t r i e s  s t u d i e d ,  i n c l u d i n g  
Japan.  

3 .  Techno log ica l  Changes 

Ch.anges i n  t h e  i r o n  and s t e e l  s e c t o r  du r i ng  t h e  pe r i od  
s t u d i e d  were main ly  twofo ld :  

- I n  f i n a l  p r o d u c t s ,  developments i n  t h e  i n d u s t r i a l i z e d  
c o u n t r i e s  seemed t o  c e n t e r  on " f l a t "  o r  p r e s s e d  



p roduc t s  such a s  s t e e l  p l a t e s  f o r  c a r s ,  and i n  g e n e r a l  
on p roduc t s  w i t h  a  g r e a t e r  p r o p o r t i o n  o f  va lue  added. 
Compet i t i ve  "long1' (ex t ruded  o r  drawn) p roduc ts  were 
g e n e r a l l y  made o u t  of  elec t r ic  s t e e l ,  and a r e  n o t  
examined i n  t h i s  paper .  

- I n  t h e  steel  produc t ion  i t s e l f ,  new p rocesses  w e r e  
i n t r oduced  ( e l e c t r i c  s t e e l ,  con t inuous  c a s t i n g ) ,  whose 
r e s u l t  has  been t o  i n c r e a s e  t h e  g e n e r a l  p r o d u c t i v i t y  
of t h e  s e c t o r ,  and e s p e c i a l l y  i t s  energy p r o d u c t i v i t y .  

These two domains a r e  n o t  t o t a l l y  s e p a r a t e d ,  f o r  t h e  
e v o l u t i o n  of  end-use i n f l u e n c e s  t h e  e v o l u t i o n  of t e c h n o l o g i e s ;  
t h e  i n c r e a s e  i n  t h e  market  s h a r e s  o f  high-value-added p roduc ts  
made necessa ry  t h e  i n t r o d u c t i o n  o f  up-to-date t e c h n o l o g i e s  
th rough t h e  whole steel -making p rocess .  

There a r e  s e v e r a l  ways of  making s tee l ,  each  hav ing 
d i f f e r e n t  energy  requ i rements  a t  d i f f e r e n t  s t a g e s .  The most 
t r a d i t i o n a l  method is v i a  p i g  i r o n .  I r o n  o r e  i s  prepared  and 
agg lomerated,  t hen  mel ted w i t h  coke i n  b l a s t  f u rnaces  t o  pro-  
duce t h e  p i g  i r o n .  The f u r t h e r  t r e a t m e n t  of  t h e  p i g  i r o n  may 
be e i t h e r  i n  open-hearth o r  i n  b a s i c  oxygen f u r n a c e s .  An 
a l t e r n a t i v e  way of  p roduc ing s t e e l  i s  t h rough  t h e  recovery  o f  
s c r a p ,  mel ted i n  e lec t r i c  f u rnaces .  The oxygen p rocess  can 
a l s o  use  a  c e r t a i n  p r o p o r t i o n  o f  s c r a p  (up t o  30%) depending 
upon i t s  q u a l i t y  and a v a i l a b i l i t y ,  wh i le  t h e  open-hearth pro-  
cess g e n e r a l l y  u s e s  less t han  1 0 5  s c r a p .  

The energy  requ i rements  f o r  stee l  making i t s e l f ,  accord ing  
t o  t h e  p rocess  used ,  a r e  g iven  f o r  f o u r  of t h e  c o u n t r i e s  i n  
Table 5 ( [ 3 1 ) .  

Tab le  5 .  Direct energy  i n p u t  p e r  t o n  o f  c rude  steel  ( t o e / t ) ,  
1980. 

Countrv Oxvcren E l e c t r i c - a r c  Onen-hearth 

Japan .0173 . I398 n o t  a p p l i c a b l e  
France .0220 . I584 .2580 
FRG .0242 -1523 .0722 
I t a l y  .0183 . I476 . I321 

Gene ra l l y  speak ing ,  t h e  e l e c t r i c - a r c  p rocess  i s  t h e  most 
energy - in tens ive  i n  t e r m s  of  d i r e c t  energy  u s e ;  b u t  when t h e  
whole p rocess  o f  stee l  making i s  cons ide red ,  t h e  e l e c t r i c - a r c  
r o u t e  t u r n s  o u t  t o  be l e a s t  energy - in tens ive  o v e r a l l ,  s i n c e  it 
r e q u i r e s  s c r a p  i n s t e a d  of  p i g  i r o n .  The p roduc t ion  of  p i g  i r o n  
i s  t h e  most ene rgy - i n tens i ve  o p e r a t i o n  w i t h i n  t h e  s tee l -mak ing 
i n d u s t r y ,  a s  shown by Tab le  2  and t h e  d a t a  below on d i r e c t  
t o t a l  energy  use  i n  o r e  agg lomerat ion  and p i g  i r o n  p roduc t i on  
i n  1980 ( t o e / t ) :  



France I t a l y  
.5487 -4439 

FRG 
.5020 

Japan  
.4399 

Source:  [ 31 . 
Ore agg lomera t ion  and p i g  i r o n  p roduc t i on  account  gene ra l -  

l y  f o r  two- th i rds  of  t h e  t o t a l  energy  requ i rements  f o r  s t e e l  
making. 

The oxygen p r o c e s s  i s  less ene rgy - i n tens i ve  t han  t h e  open- 
h e a r t h  ( o r  "Mar t in " )  p r o c e s s .  Th i s  l a t t e r  p rocess  uses  e l e c -  
t r i c i t y  and r e q u i r e s  no the rma l  energy* s i n c e  t h e  r e a c t i o n  i s  
exothermal .  

Apar t  from changes i n  t h e  s t e e l  making i t s e l f ,  t h e  main 
t e c h n o l o g i c a l  i nnova t i on  h a s  been con t inuous  c a s t i n g ,  which 
i nvo l ves  t r e a t i n g  t h e  stee l  d i r e c t l y  a s  it emerges from t h e  
f u rnaces  and t h u s  avo ids  t h e  i n t e r m e d i a t e  p roduc t i on  o f  s t e e l  
i n g o t s  and consequent  r e h e a t i n g  b e f o r e  f u r t h e r  p r o c e s s i n g .  
The p rocess  n o t  on l y  s a v e s  energy ,  b u t  i n c r e a s e s  t h e  y i e l d :  
t h i s  i s  between 94 and 99 p e r c e n t  i n  con t inuous-cas t  p l a n t s ,  
which i s  1 0  t o  1 2 %  h i g h e r  t han  t h e  f i g u r e  f o r  o r d i n a r y  mould- 
c a s t i n g  methods. 

W e  may t h e n  i s o l a t e  t h r e e  f a c t o r s  concern ing  s t e e l  making 
and one f a c t o r  concern ing  steel  p rocess ing  t h a t  s i g n i f i c a n t l y  
i n f l u e n c e  t h e  energy  consumption o f  t h e  s e c t o r :  

- t h e  s h a r e  of  each process--Mart in ,  oxygen, and 
e l e c t r i c - - i n  s t e e l  making 

- t h e  s h a r e  of con t inuous-cas t  p roduc t s  i n  t o t a l  pro- 
d u c t i o n .  

The s h a r e  of con t inuous-cas t  p roduc t s  i s  a l s o  an i n d i c a -  
t o r  of  t h e  g e n e r a l  ' e f f i c i e n c y '  o f  t h e  s e c t o r ,  s i n c e  t h i s  
method has  on l y  been i n t r oduced  i n  t h e  most modern p l a n t s .  

The s h a r e  of  t h e  &%r t in  ( o r  open-hearth)  p r o c e s s  p rov ides  
an  i n d i c a t o r  o f  t h e  'energy  e f f i c i e n c y '  of t h e  s e c t o r  b u t  on ly  
f o r  t h e  e a r l i e r  p a r t  o f  t h e  p e r i o d  1970-82, because t h e  p rocess  
i t s e l f  n e a r l y  d i sappea red  a f t e r  1978-79 excep t  i n  t h e  Uni ted 
S t a t e s .  I t  w i l l  be i n t e r e s t i n g  t o  c o n s i d e r  it l a t e r  a s  an 
i n d i c a t o r  of  ' e f f i c i e n c y '  f o r  t h e  base  y e a r  1970, and t o  u s e  
t h e  two o t h e r  p r o c e s s e s  t o  e x p l a i n  t h e  e v o l u t i o n  over  t i m e  
of energy  consumption. 

Impor tant  changes i n  t h e  s t r u c t u r e  of  t h e  i r o n  and s t e e l  
s e c t o r  have taken  p l a c e  between 1970 and 1982. Developments 
i n  t h e  s h a r e s  o f  t h e  t h r e e  main p r o c e s s e s  a r e  shown i n  Tab le  6 .  

* 
See B .  Chateau and B.  Lap i l l onne ,  Energy Demand: F a c t s  and 
Trends.  Spr inger -Ver lag,  Vienna and New York, 1982 [ 6 ] .  





I n  1970, t h e  open-hearth p rocess*  had t h e  dominant s h a r e  
i n  France,  b u t  oxygen soon took over  t h i s  p o s i t i o n  (1975) ,  
wh i l e  e l e c t r i c - a r c  e x h i b i t e d  a  slow and r e g u l a r  i n c r e a s e .  The 
FRG had,  i n  1982, a  p roduc t ion  s t r u c t u r e  ve ry  s i m i l a r  t o  t h a t  
of France,  bu t  t h e  oxygen p rocess  was s t i l l  impor tan t  i n  1970. 
The on ly  s i g n i f i c a n t  changes f o r  Japan concerned t h e  i n c r e a s i n g  
s h a r e  o f  e l e c t r i c - a r c ;  i n  1970, open-hearth was marg ina l  and 
oxygen dominant,  and Japan i s  t h e  on ly  c o u n t r y  where t h i s  
l a t t e r  p rocess  l a t e r  dec l i ned .  The g e n e r a l  movement ( d e c l i n e  
of  open-hearth and r ise of oxygen) was weaker i n  t h e  Uni ted 
S t a t e s  b u t  t h e  i n c r e a s e  o f  e l e c t r i c - a r c  was r e l a t i v e l y  s t r o n g e r .  

The d e c l i n e  of  open-hearth i n  t h e  Uni ted Kingdom was 
s lower  u n t i l  t h e  end of  t h e  1970s t han  f o r  t h e  o t h e r  c o u n t r i e s ,  
bu t  t h e  s h a r e  of  e l e c t r i c - a r c  was more impor tan t  t han  i n  o t h e r  
European c o u n t r i e s ,  s i n c e  bo th  i t s  l e v e l  and development over  
t i m e  w e r e  comparable t o  t h o s e  recorded  i n  Japan.  I t a l y  has  a  
f a i r l y  un ique p roduc t ion  s t r u c t u r e :  t h e  s h a r e  o f  e l e c t r i c  
steel  has  a lways been much h ighe r  t han  i n  o t h e r  c o u n t r i e s  and 
it has been t h e  major  p rocess  s i n c e  1978, a l though  i t s  s h a r e  
has  tended t o  s t a g n a t e  somewhat r e c e n t l y .  A s  a consequence,  
t h e  s h a r e  of t h e  oxygen p rocess  i n  I t a l y  i s  somewhat lower t han  
i n  t h e  rest of  Europe; however, even i n  1970 t h e  open-hearth 
p rocess  had a  lower s h a r e  t han  oxygen. 

The i n t r o d u c t i o n  of  con t inuous  c a s t i n g  was t h e  o t h e r  major 
t e c h n o l o g i c a l  change du r i ng  t h e  pe r i od  ( see  Tab le  7 ) .  

Tab le  7. Share  of  con t inuous  c a s t  steel i n  t o t a l  steel  pro-  
d u c t i o n  % , 1970-82. 

Year USA JAP F RA FRG ITA UK 

*I974 d a t a .  
n .a .  means n o t  a v a i l a b l e .  

Sources:  [ 2 ] ,  [41. 

The Uni ted S t a t e s  was p e r c e p t i b l y  s lower  i n  adop t i ng  
con t inuous  c a s t i n g  t han  t h e  o t h e r  c o u n t r i e s ;  conve rse l y ,  Japan 

* 
I n  f a c t  t h e  Thomas and Bessemer s h a r e s  are a l s o  kncluded i n  
t h i s  f i g u r e .  I n  t h i s  paper  t h e  open-hearth s h a r e  r e p r e s e n t s  
t h e  s h a r e  of  a l l  p r o c e s s e s  o t h e r  than  e l e c t r i c - a r c  and 
oxygen. Out of  t h e  c o u n t r i e s  s t u d i e d ,  Thomas and B e s s e m e r  
p rocesses  a r e  on l y  found i n  France.  



witnessed a very rapid growth of this process. The United 
Kingdom was slower in adapting than other ECSC* countries. 

4 .  Energy Consumption 

As we have seen in Section 3, the evolution of tech- 
nologies in each of the six countries was quite different; 
considering the impact of technological change on energy con- 
sumption, it is therefore not surprising that we found 
different absolute levels of the energy coefficients and 
different rates of evolution for these coefficients (see 
Table 8) . 

Table 8. Energy coef fcients (toe per ton of crude steel) , 
1970-82. 

Year USA JAP F RA FRG ITA UK 

change ( 9 5 )  
between 
1970 and 
1982 -7.7 -18.8 -33.1 -23.9 -23.6 -17.7 

Sources: [ll, [23. 

A first glance at the energy coefficients reveals a 
general trend as well as many ups and downs. Capacity utiliza- 
tion is of great importance in explaining these latter varia- 
tions. Many authors (e.g. [ 5 ] )  insist on the effects of de- 
clining capacity utilization in most industries on levels of 
energy consumption. In the case of iron and steel, energy 
consumption decreases less than production, due to the existence 
of a "fixed" component of energy consumption whatever the 

* 
European Coal and Steel Community. 



l e v e l  of  p roduc t i on ,  u n l e s s  p l a n t s  a r e  a c t u a l l y  c l o s e d ;  t h e  
p a t t e r n  of  p l a n t  c l o s u r e s  i s  n o t  t h e  same a s  t h e  p a t t e r n  of  
dec rease  i n  p roduc t i on ,  and i n  any c a s e  c a p a c i t i e s  cannot  be 
a d j u s t e d  i n s t a n t l y  t o  new c o n d i t i o n s .  Th is  e x p l a i n s  f l u c t u a -  
t i o n s  i n  t h e  f i g u r e s  from one yea r  t o  a n o t h e r ,  independent  of  
t h e  g e n e r a l  t r e n d .  

I n s o f a r  a s  c ross -coun t ry  comparisons a r e  p o s s i b l e ,  t h e  
l e v e l s  of  energy  c o e f f i c i e n t s  were a l r e a d y  ve ry  d i f f e r e n t  i n  
1970, and subsequent  developments have widened t h e s e  d i f f e r -  
ences  s t i l l  f u r t h e r .  I n  1970 Japan and I t a l y  formed a  group 
d i s t i n c t  from t h e  Uni ted S t a t e s ,  t h e  Uni ted Kingdom, F rance ,  
and t h e  F R G ,  wi th  a  much lower energy  c o e f f i c i e n t ;  t h e  manu- 
f a c t u r e  of  one t o n  of c rude steel r e q u i r e d  24% less energy  i n  
I t a l y  than  i n  t h e  Uni ted Kingdom. I n  1982, one t on  of  I t a l i a n  
s t e e l  r e q u i r e d  42% less energy  t han  one t o n  of  American steel.  

I n  1970, I t a l y  and Japan had t h e  lowes t  s h a r e  of t h e  open- 
h e a r t h  p r o c e s s ,  I t a l y  had a  h i gh  s h a r e  of  e l e c t r i c  a r c ,  and 
Japan had a  'modern' p roduc t ion  s t r u c t u r e  w i t h  a  h i gh  s h a r e  of 
oxygen steel .  France has  w i tnessed  t h e  most marked dec rease  
i n  i t s  energy c o e f f i c i e n t ,  and has  a l s o  been t h e  coun t r y  where 
t h e  p roduc t i ve  s t r u c t u r e  has a l t e r e d  t h e  most du r i ng  t h e  pe r i od :  
i n  1970 t h e  open-hearth had a lmost  comp le te lyd isappeared ,  t h e  
s h a r e  of con t inuous-cas t  s t e e l  was comparable t o  t h a t  of I t a l y  
and t h e  FRG, and t h e r e  was a  s t r o n g  i n c r e a s e  i n  t h e  s h a r e  of 
e l e c t r i c  steel .  The FRG and I t a l y  a r e  comparable a s  rega rds  
t h e  e v o l u t i o n  of  t h e i r  energy  c o e f f i c i e n t s  a s  w e l l  a s  t h e i r  
p roduc t ion  s t r u c t u r e s .  The d i f f e r e n c e  i n  t h e  a b s o l u t e  l e v e l s  
of t h e  c o e f f i c i e n t  may be exp la i ned  by t h e  r o l e  of  e l e c t r i c  
s t e e l  i n  I t a l y .  Desp i t e  t h e  d isappearance  of  t h e  open-hearth 
p r o c e s s  and t h e  r e l a t i v e  importance of e l e c t r i c  stee l ,  t h e  
Uni ted Kingdom has  n o t  w i tnessed  any impor tan t  dec rease  i n  i t s  
energy  requ i rements  p e r  t o n  of steel produced; t h i s  may be a  
consequence of t h e  s lower  i n t r o d u c t i o n  of  con t inuous  c a s t i n g .  
A s  t h e  p roduc t ion  s t r u c t u r e  of  Japan was a l r e a d y  'modern' i n  
1970, t h e  on l y  major changes s i n c e  t hen  have concerned e l e c t r i c  
steel  and e s p e c i a l l y  con t inuous  c a s t i n g ,  which r e s u l t e d  i n  a  
dec rease  of 19% i n  t h e  energy  c o e f f i c i e n t  between 1970 and 1982. 

D i f f e r e n t  s t e p s  can be i d e n t i f i e d  i n  t h e  dec rease  of  
energy  c o e f f i c i e n t s  f o r  each coun t ry .  The major downward 
changes occu r red  i n  1977 f o r  Japan ,  i n  1976, 1979, and 1982 
f o r  F rance ,  i n  1976 and 1978 f o r  t h e  FRG, i n  1972 and 1980 
i n  I t a l y ,  and i n  1972 and 1976 f o r  t h e  Uni ted Kingdom. The 
y e a r s  of r e c e s s i o n  saw an i n c r e a s e  o f  t h e  energy  c o e f f i c i e n t  
i n  most c o u n t r i e s  ( f o r  t h e  Uni ted Kingdom i n  1980, f o r  t h e  FRG 
i n  1975, e t c . ) .  The e f f e c t s  o f  t h e  two o i l  shocks do n o t  
appear  c l e a r l y  from a  f i r s t  i n s p e c t i o n  of t h e  energy  c o e f f i -  
c i e n t s ;  on l y  f o r  F rance ,  t h e  F R G ,  and t h e  Uni ted Kingdom was 
a  major change observed i n  1975, and on ly  France and I t a l y  
recorded  such a  change a t  t h e  end of t h e  1970s. However, t h e s e  
e f f e c t s  shou ld  n o t  be unde r ra ted  because of  t h e  p a r t i c u l a r  i m -  
po r tance  of energy  i n  steel  produc t ion  c o s t s ;  t h e  new energy-  
supp ly  c o n d i t i o n s  have i n f l uenced  t h e  e v o l u t i o n  o f  t h e  stee l  
i n d u s t r y ,  making e l e c t r i c  steel  more a t t r a c t i v e ,  and g e n e r a l l y  
u n d e r l i n i n g  t h e  importance of energy  c o n t r o l  i n  t h i s  s e c t o r .  



To sum up, we may conc lude t h a t  t h e  changes i n  t h e  pro- 
c e s s e s  used f o r  s t e e l  making seem t o  be t h e  main de te rm inan ts  
of  t h e  dec rease  i n  t h e  energy  c o e f f i c i e n t .  The s h a r e  of t h e  
open-hearth p rocess ,  e s p e c i a l l y  a t  t h e  beg inn ing  o f  t h e  p e r i o d ,  
t h e  r e l a t i v e  importance of e l e c t r i c  s t e e l ,  and t h e  more o r  l e s s  
r a p i d  i n t r o d u c t i o n  o f  con t inuous  c a s t i n g  have a l l  p layed  i m -  
p o r t a n t  r o l e s  i n  t h e  energy  requ i rements  of  t h e  i r o n  and s t e e l  
s e c t o r ,  whose development i s  i l l u s t r a t e d  i n  F igu re  1 f o r  each  
coun t ry  ove r  t h e  p e r i o d  cons idered .  

0 . 3 0  1 I 
1970. 1972.  1 9 7 6 .  1976.  1978. 1980.  1982. 

Year 

F igu re  1 .  Evo lu t ion  o f  t h e  energy  c o e f f i c i e n t s  of the s i x  
c o u n t r i e s .  



11. THE ECONOMETRIC ANALYSIS 

An econometr ic  a n a l y s i s  of  c r o s s - s e c t i o n a l  d a t a  f o r  t h e  
s i x  c o u n t r i e s  s t u d i e d  has  been performed i n  o r d e r  t o  e x p l a i n  
t h e  va r i ance  among energy  c o e f f i c i e n t s  i n  te rms  o f  t h e  s h a r e s  
of two major  p r o c e s s e s ,  t h e  Mar t in  ( o r  open-hearth)  and t h e  
e l e c t r i c - a r c ,  i n  t h e  1970s. A s  we have seen  i n  P a r t  I ,  coun- 
t r i e s  w i t h  a  h i g h e r  s h a r e  of t h e  Mar t in  p rocess  have a  h i g h e r  
energy  c o e f f i c i e n t  t h a n  t h o s e  c o u n t r i e s  where Mar t in  s t e e l  
making i s  less impo r tan t ,  because o f  t h e  p h y s i c a l  and chemical  
c h a r a c t e r i s t i c s  of  t h e  p rocess .  

The b a s i c  e q u a t i o n  used i n  the a n a l y s i s  i s  a s  fo l l ows :  

where 

i = coun t r y  index  

e  i = energy  c o e f f i c i e n t  f o r  coun t r y  i 

= s h a r e  o f  Mar t in  p rocess  f o r  coun t r y  i 

S e l ,  = s h a r e  of e l e c t r i c  p rocess  f o r  coun t r y  i 

E = e r r o r  t e r m .  i 

Since  t h e  sum o f  t h e  p roduc t ion  from t h e  Mar t i n ,  e l e c t r i c ,  
and oxygen p rocesses  e q u a l s  t o t a l  steel p roduc t i on ,  t h e r e  i s  
no need t o  i n t r o d u c e  t h e  t h i r d  (oxygen) p rocess  e x p l i c i t l y  i n  
t h e  equa t i on .  The r e g r e s s i o n  r e s u l t s  a r e  c o n s i s t e n t  w i t h  bo th  
common sense  and eng inee r i ng  d a t a :  t h e  i n c r e a s i n g  s h a r e  of 
e l e c t r i c - a r c  s tee l  i s  c e r t a i n l y  a  f a c t o r  i n  t h e  dec rease  of  
t h e  energy  c o e f f i c i e n t ,  wh i l e  an i n c r e a s e  i n  t h e  s h a r e  of 
Mar t in  s t e e l ,  a  v a r i a b l e  r e p r e s e n t i n g  t h e  s t a g e  o f  development 
of t h e  i n d u s t r y ,  makes t h e  c o e f f i c i e n t  b i gge r :  

However, t h e  paramete r  e s t i m a t e  f o r  e l e c t r i c  steel is n o t  
s i g n i f i c a n t ,  and t h e  bu l k  (57%) o f  i n t e r c o u n t r y  v a r i a n c e  is  ex- 
p l a i n e d  by t h e  f i r s t  f a c t o r :  



T h i s  i s  u n d e r s t a n d a b l e  b e c a u s e  t h e  v a r i a n c e  w i t h i n  t h i s  s m a l l  
sample i n  t h e  e l e c t r i c - a r c  s h a r e  was s m a l l e r  t h a n  t h e  v a r i a n c e  
i n  t h e  s h a r e  o f  t h e  M a r t i n  p r o c e s s .  On compar ing t h e  e s t i m a t e d  
r e s u l t s  w i t h  t h e  o b s e r v e d  d a t a  ( T a b l e  9 )  i t  c a n  b e  s e e n  t h a t  
r e g r e s s i o n  1 g i v e s  b e t t e r  r e s u l t s  o n l y  f o r  I t a l y ;  i n  t h i s  c a s e  
it i s  n e c e s s a r y  t o  i n t r o d u c e  t h e  s h a r e  of  e l e c t r i c - a r c  stee l ,  
which was between two and f o u r  t i m e s  b i g g e r  i n  I t a l y  t h a n  i n  
t h e  o t h e r  count r ies  s t u d i e d  (40% f o r  I t a l y  and  10-20% f o r  t h e  
o t h e r  c o u n t r i e s )  . 

T a b l e  9 .  A c t u a l  and  f i t t e d  v a l u e s  of  t h e  e n e r g y  c o e f f i c i e n t ,  
1970. 

F i t t e d  

Count ry  A c t u a l  R e g r e s s i o n  1 R e g r e s s i o n  2  

I t a l y  -4185 -4364 .5094 
UK .6130 .5647 -5744 
J a p a n  .4348 .4573 .4284 
FRG .5624 .5765 .5474 
F r a n c e  .5818 -6282 .6148 
USA .5876 .5379 .5238 

The r e g r e s s i o n  may b e  i n t e r p r e t e d  i n  t e r m s  of  e n e r g y  re- 
q u i r e m e n t s  f o r  e a c h  p a r t i c u l a r  p r o c e s s :  

W e  have  

Thus 

e ( s tee l  p r o d u c t i o n )  = .5037 (oxygen steel + m a r t i n  steel  
+ elec t r ic  steel)  

+ .24 ( M a r t i n  steel)  
- .36 ( e l e c t r i c  steel)  

and 

e n e r g y  consumpt ion  = .5037 (oxygen s tee l )  
+ -74  ( M a r t i n  steel)  
+ . 14 (e lectr ic  steel)  . 

The c o e f f i c i e n t  f o r  e a c h  p r o c e s s  i s  t h u s  t h e  e n e r g y  r e q u i r e -  
ments  o f  t h i s  p r o c e s s  p e r  t o n  o f  c r u d e  steel.  Both 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  and t h e  r a n k i n g  o f  t h e  p r o c e s s e s  a r e  con- 
s i s t e n t  w i t h  t h e  r e s u l t s  r e p o r t  i n  P a r t  I (see T a b l e  5 ) .  



The same regression cannot be used for the 1980s, since by 
then the Martin process had disappeared and the share of con- 
tinuous-casting rather than electric-arc perhaps represented a 
more accurate indicator of the extent of modernization of the 
industry. Therefore we.utilized the following equation when 
estimating and regressing the 1980s data: 

e = a + ySel i + 6s 
CC; 

+ Ei 

where Sic is the share of continuous casting in the total. 
i 

The same procedure was applied to an energy coefficient e(l), 
corrected for the contribution of Martin steel in those coun- 
tries where it still existed in 1982 (the United States): 

The results for 1982 are in general consistent with engineering 
estimates and common sense: 

Again the share of electric arc is not significant at the 
0.95 level but what is important is that the coefficient for 
this process remains at the same level as for 1970, and con- 
tinuous casting alone explains the main part of the variance: 



Comparing f i t t e d  v a l u e s  f o r  e ( l ) ,  which e l i m i n a t e s  t h e  
impact  o f  t h e  Mar t in  p rocess  ( s e e  Tab le  l o ) ,  i t can be seen 
t h a t  t h e  s h a r e  of  e l e c t r i c - a r c  steel  c o n t r i b u t e s  most s i g -  
n i f i c a n t l y  t o  t h e  f i t  o f  t h e  energy  c o e f f i c i e n t  f o r  I t a l y ,  
where t h e  s h a r e  of  t h i s  p rocess  s t i l l  d i f f e r s  s i g n i f i c a n t l y  
from t h o s e  i n  o t h e r  c o u n t r i e s  (52.6% a s  opposedto  20-30% e l s e -  
where) . 

Table  10. Ac tua l  and f i t t e d  va lues  o f  t h e  energy  c o e f f i c i e n t ,  
1982. 

F i t t e d  

Country Ac tua l  Reqress ion (3a )   egression (4a )  

I t a l y  .3199 .3423 .4067 
UK ,5045 .4718 .4787 
Japan .3792 .3341 .3324 
F  RG .4281 ,4257 ,3942 
France ,3891 ,4357 .4067 
USA .5468 ,5294 .5301 

R e s u l t s  of  t h e s e  a n a l y s e s  of c r o s s - s e c t i o n a l  d a t a  have 
been used t o  t es t  whether  i n t e r c o u n t r y  d i f fe rences  i n  t e r m s  o f  
t h e  energy  c o e f f i c i e n t s  and t h e  s h a r e s  of  d i f f e r e n t  p r o c e s s e s  
may be used i n  time-series a n a l y s i s  f o r  a  p a r t i c u l a r  coun t r y .  
A complete set  of d a t a  from 1970 t o  1982 e x i s t s  f o r  Japan ,  
wh i le  f o r  t h e  o t h e r  c o u n t r i e s  some d a t a  a r e  s t i l l  miss ing ,  
which makes t i m e - s e r i e s  ana l yses  r a t h e r  weak. From t h e  out -  
set  we have of cou rse  been aware t h a t  it i s  imposs ib le  t o  ob- 
t a i n  s i g n i f i c a n t ,  independent  e s t i m a t e s  of  t h e  impacts  o f  t h e  
t h r e e  v a r i a b l e s  used i n  t h e  ana l yses  because t h e  s h a r e  of 
bo th  e l e c t r i c - a r c  s t e e l  and cont inuous c a s t i n g  have been in -  
c r e a s i n g ,  wh i le  t h e  s h a r e  of  t h e  Mar t in  p rocess  has  d e c l i n e d  
s h a r p l y :  t h e s e  t h r e e  v a r i a b l e s  a r e  t h u s  c o l i n e a r * .  

* 
To demons t ra te  t h i s  p o i n t ,  we p r e s e n t  t h e  f o l l ow ing  r e g r e s -  
s i o n s  f o r  Japan w i t hou t  f u r t h e r  comment: 

A 

I gno r i ng  t h e  e f f e c t  of  t h e  Mar t in  p roces  ( 6  = .35)  : 



Thus t h e  f i r s t  s t e p s  i n  ana l yz i ng  t ime -se r i es  d a t a  f o r  a  
p a r t i c u l a r  coun t r y  a r e  t o  c o n s t r u c t  a  s e t  o f  d a t a  i n  which t h e  
e f f e c t s  o f  t h e  Mar t in ,  e l e c t r i c - a r c ,  and con t inuous-cas t ing  
p rocesses  a r e  s u c c e s s i v e l y  removed f rom t h e  observed energy- 
c o e f f i c i e n t  v a l u e s  and t h e n  t o  e s t i m a t e  t h e  p o s s i b l e  impacts  
of  t h e  remain ing f a c t o r s  on t h e  dynamic behavior o f  t h e  energy  
c o e f f i c i e n t  over  t i m e .  The fo l l ow ing  n o t a t i o n  and parameter  
v a l u e s  a r e  used under t h e  assumpt ion t h a t  a  p r i o r i  bounds on 
c o e f f i c i e n t s  a r e  based on t h e  r e s u l t s  of  c r o s s - s e c t i o n a l  
a n a l y s i s ,  which i n  g e n e r a l  may cor respond t o  upper l i m i t s  on 
t h e  time-series d a t a :  

e (m)  - e -  ' 2 4  'mart in 

e (e l )  = e + . 3  'el. a r c  

I t  i s  p a r t i c u l a r l y  impor tan t  t o  t r a c e  back t h e  t i m e  t r e n d  
of  an  energy  c o e f f i c i e n t  f o r  a  p a r t i c u l a r  coun t r y  a f t e r  e l i m i -  
n a t i n g  a l l  ( o r  p a r t ) o f  t h e  above-mentioned e f f e c t s .  

W e  now c o n s i d e r  c a s e  s t u d i e s  f o r  t h r e e  of t h e  c o u n t r i e s :  
Japan,  t h e  Uni ted S t a t e s ,  and France.  

Japan 

The e f f e c t  of  t h e  Mar t in  p rocess  f o r  Japan was n e g l i g i b l e  
and t h e  t ime t r e n d  remained e s s e n t i a l l y  t h e  same a f t e r  t h i s  
e f f e c t  was removed. There was s t i l l  a  d e c l i n i n g  t r e n d  a f t e r  
removing t h e  e f f e c t  o f  t h e  growth i n  t h e  s h a r e  of e l e c t r i c - a r c  
steel .  F i g u r e s  2,  3 ,  and 4 show t h e  p l o t s  of f i t t e d  and 
a c t u a l  v a l u e s  of  t h e  r e g r e s s i o n s  (1 ) , ( 2 )  , and (3)  , respec-  
t i v e l y .  Regress ion (2 )  i s  done w i t h  t h e  energy  c o e f f i c i e n t  
c o r r e c t e d  by t h e  e f f e c t  o f  Mar t in  s t e e l .  One can n o t i c e  t h a t  
t h e r e  is n e a r l y  no d i f f e r e n c e  between F i g u r e  2  and F igu re  3; 
t h e  e f f e c t  of  Mar t in  steel  i n  t h e  Japanese energy  consumption 
i s  o f  l i t t l e  impor tance,  cons ide r i ng  t h e  low s h a r e  of t h i s  
p rocess  i n  1970. F igu re  4 shows t h e  p l o t  o f  r e g r e s s i o n  ( 3 ) ;  
t h e  l e v e l  o f  t h e  c o r r e c t e d  energy  c o e f f i c i e n t  f o r  t h i s  re- 
g r e s s i o n  ( e f f e c t s  of  Mar t in  and e l e c t r i c  stee l  a r e  removed) 
i s  w e l l  above t h e  l e v e l  of  t h e  two o t h e r  c o e f f i c i e n t s  con- 
s i d e r e d ,  i . e .  e ,  t h e  non-cor rec ted c o e f f i c i e n t ,  and e ( m )  w i t h  
no Mar t in  e f f e c t .  But t h e r e  i s  s t i l l  a  d e c l i n i n g  t r e n d  over  
t h e  p e r i o d  f o r  t h i s  l a s t  r e g r e s s i o n .  









The three regressions are: 

For the last variable (e(m,el)) we may estimate the im- 
pact of industry modernization through the share of continuous 
casting: 

This shows clearly that the cross-country regressions 
probably overestimated the impact of this factor (the estimated 
coefficient for continuous casting was .3). If this is indeed 
the case, then capacity utilization remains as an important 
factor. Since we had no detailed figures on capacity utiliza- 
tion, it was estimated as a variable "cap", which represents 
(as a percentage) the difference between the actual production 
in a given year and the average annual production during the 
period as a whole: for each year, 

cap = lOO(stee1 - 103.3)/103.3 

where "steel" is the steel production during the year con- 
cerned. Then, 

e(m,el,cc) = .5215 - .13 cap 
(132.111 (-2.7) 

R~ = .3952 

Fluctuations of the energy coefficient over time are a 
function of capacity utilization, as can be seen for both peak 
and recession years. For example, if we take 1971 (a recession 
year), the actual figure differs by 14.4% from the average 



annual  p roduc t ion  du r i ng  t h e  p e r i o d ;  t h i s  means an i n c r e a s e  
i n  t h e  energy  c o e f f i c i e n t  o f  .a187 compared t o  t h e  s i t u a t i o n  
i n  1972, when p roduc t ion  was approx imate ly  a t  t h e  average  f o r  
t h e  pe r i od .  The d i f f e r e n c e  r e p r e s e n t s  approx imate ly  50% of 
t h e  a c t u a l  d i f f e r e n c e  between energy c o e f f i c i e n t s  i n  1971 and 
1972. 

U n i t e d  S t a t e s  

The same p rocedure ,  when a p p l i e d  t o  t h e  US case* ,  g i v e s  
t h e  f o l l ow ing  r e s u l t s :  

e ( m , e l , c c )  = .5928 - . 2 2  cap  

(51.98)  ( -3.1)  

R2 = .6104 

The c o e f f i c i e n t  f o r  c a p a c i t y  u t i l i z a t i o n  f o r  t h e  Uni ted 
S t a t e s  i s  n e a r l y  tw i ce  a s  b i g  a s  t h a t  f o r  Japan.  The US stee l  
i n d u s t r y  has  exper ienced  many ups and downs i n  i ts  p roduc t i on  
l e v e l s ,  and ve ry  s e v e r e  c r i s e s ,  e s p e c i a l l y  a t  t h e  end of  t h e  
1970s and beg inn ing of  t h e  1980s: i n  1979 p roduc t ion  was 122.7 
m i l l i o n  t o n s ,  wh i le  by 1982 it had f a l l e n  t o  67.14 m i l l i o n  
t o n s .  Moreover, t h e  US l e v e l  of  'modern iza t ion '  i n  t h e  i r o n  
and steel  i n d u s t r y  has  been somewhat lower t han  t h a t  of  Japan ,  
and one may assume t h a t  any changes i n  t h e  l e v e l  of  p roduc t ion  
h a s  had a  d i r e c t  impact  on t h e  measured 'energy  e f f i c i e n c y ' .  

For  t h e  o t h e r  f a c t o r s ,  t h e  r e s u l t s  a r e  a s  f o l l ows :  

e ( m , e l )  = .6180 - .23 Scc - .26 cap  

(12.7)  (m.9) (-2.4) 

( D i f f e r e n t  samples were used due t o  a  l a c k  of  d a t a  on con- 
t i n u o u s  c a s t i n g  f o r  some y e a r s  f o r  t h e  Uni ted S t a t e s  and 
France.  ) 

France 

Performing t h e  same r e g r e s s i o n s  f o r  France g i v e s  t h e  
fo l l ow ing  r e s u l t s :  

- * 
cap = 100 ( s t e e l  - 107)/107.  



The capacity utilization factor is more difficult to intro- 
duce here: attempts to use the same procedure as for Japan and 
the United States produced nothing. It is possible to intro- 
duce capacity utilization as the difference between actual 
production and production capacity calculated as a polynomial 
function of time trend* in order to represent the evolution 
over time of the production capacity; this function expresses 
total capacity and the coefficient "cap" is now given by: 

2 cap = 100(production - 23 - .57t + .063t ) /  

and regression on this coefficient gives: 

e(m,cc,el) = .5659 - .13 cap 
(92.1) (-1 -5) 

R2 = .3482 

for the period 1970-75. The coefficient of cap is insignifi- 
cant at the .95 level of confidence, but its sign reflects the 
same trend as the two others. Conversely, for the period 
1979-82 we get the following equation 

e(m,cc,el) = .5268 + .31 cap 
(227.2) (7.32) 

R2 = .9641 

This results appears counterintuitive, but we must take 
into account the fact that some plants were closed, particularly 

* 
This polynomial function is calculated with a regression over 
the whole period. 



in the last few years, and we may assume that the plants closed 
were the oldest and least energy-efficient. Anyway, the fall 
in production is correlated with the decrease in the energy 
coefficient over recent years; any more detailed explanation 
of this observation would require a somewhat deeper study of 
the industry. 

Now we can compare net (or refined) energy coefficients 
across countries, i.e. the values of actual energy requirements 
less the effects of process changes and steel-production fluc- 
tuations: 

Country 1970-71 1979-80 

Japan 
United States 
France 

One remarkable result is that Japanese steel production 
appears, on average, to be 8% more efficient than those of the 
other two countries, which, together with technological pro- 
cess achievements, makes its industry much more efficient. 

The simple econometric approach presented here does have 
it weaknesses: for example, it is implied that energy savings 
within individual processes are unimportant if they are not 
associated with two major trends--a progressive decrease in 
the shares of inefficient processes and growth in the shares 
of continuous-cast and electric-arc steel. We can speculate 
as to whether energy savings will be greater in a country that 
restructures more slowly than in another, where the restruc- 
turing occurs more rapidly, but in-depth study would be neces- 
sary to validate or refute any such conclusions. 
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