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FOREWORD 

Many of t o d a y ' s  most significant soc~oeconomic  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 .  I n t e r c o u n t r y  co rnpa ra the  ana l yses  
of  r e c e n t  h i s t o r i c a l  developments a r e  necessa ry  when w e  a t tempt  
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 fo 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  I IASAts p r o j e c t  on Comparative 
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 the e m p i r i c a l  
a n a l y s i s  of  economic s t r u c t u r a l  change. Th i s  pape r  ana l yzes  
time-series d a t a  and h e l p s  t o  r e v e a l  t h e  impact  of s t r u c t u r a l  
change on energy  consumption i n  Prance.  It c o n t i n u e s  former 
a n a l y s e s  which w e r e  c a r r i e d  o u t  f o r  t h e  USA and t h e  FRG. 

Anatol i '  Smysh.lyaev 
P r o j e c t  Leader 
Comparatl.ve Ana l ys i s  of 
Economic S t r u c t u r e  and Growth 



S-tructural Change and Evolution of Energy Consumption 
in French Industry between 1970 

and 1982 

Bruno Amable 

INTRODUCTION 

The evolution of energy consumption in the period following the oil 
shocks is often explained in two opposing ways: e i ther  one believes that  
there  is now completely new way of consuming energy, which has brought a 
steep decrease in the level of energy demand, o r  that  the oil shocks have 
caused very l itt le change in the  pat tern of energy consumption and that  
energy consumption has decreased, f i rs t ,  in line with a long-term trend, 
and, second, because of changes in the s t ructure of t he  economy, which 
have resulted in a relat ive decline of the most energy-intensive sectors.  

As discussed in P a r t  1, a f te r  the  oil shocks the energy demand is no 
ionger related to  growth in the s a m e  way as before. The main indicator used 
in forecasts,  i.e. the energy/GDP elasticity coefficient, has become unreli- 
able since the f i r s t  oil shock, both f o r  the total  economy and fo r  industry 
alone. On the  o ther  hand, the level of industry's elasticity coefficient shows 
that  the  energy coefficient w a s  decreasing even before 1973. Study of the 
energy consumption fo r  each branch of industry should allow us t o  estimate 
the effect of s t ructura l  changes. 

One can see tha t  the s t ructure of French industry has evolved litt le 
when one examines the  relat ive sha re  of each sector  in t e r m s  of total value 
added. Only a f e w  sec to rs  are clearly receding o r  expanding; the  changes 
happen mainly within each branch. For this reason w e  will see that  the  
effect of "structural change" on the  energy consumption is limited. The 
study will show that  the  energy content of the value added of nearly all 
branches has declined, but a t  very different speeds fo r  each sector ,  and 
that  t he re  is an  alteration in this decrease of the  energy coefficient f o r  the 
industry as a whole and f o r  most of i ts sectors  a f t e r  1979, which is the most 
important alteration year  of the 1970s. 

There are two ways of studying energy consumption: the  economic way, 
which relates the energy consumption to economic variables, and the tech- 
noeconomic way, which relates the energy consumption t o  t he  products and 
technologies of a sector .  This present study is of the  f i r s t  type; energy 
consumption i s  considered in t e r m s  of the  changes in the  economic struc- 
t u re  itself, and not in t e r m s  of the technical changes that  may bring a 
decrease in energy demand. The la t te r  type i s  suitable f o r  a sectoral  study, 
recomposing the total energy consumption from energy coefficients f o r  
each product and each process. Study of the energy consumption of the 
whole industry in this way would require a considerable amount of informa- 
tion, and wouia turn an  economic study into a technical compilation. 



This paper  s ta r t s  from aggregated data, and t r ies  t o  decompose the 
energy consumption a s  much as possible, depending on the  availability of 
economic indicators. It seems however that  current ly the availability of 
energy data limits the study to  the aggregated branches; the consequences 
of s t ructura l  cnange on energy consumption a r e  therefore caiculated by 
means of a simple arithmetic method. A t  a more disaggregated level, a study 
of growth is possible, with assumptions a s  to  the consequences of differen- 
tial growth on energy consumption within the individual branches . 

The two fields of study (economic and technical) a r e  not str ict ly 
separated, since development within each field has consequences f o r  the 
other .  Therefore some comparisons between these two fields are made. How- 
ever  the  main objective of this paper  remains economic, start ing from the 
dynamics of development and leading to energy consumption. 

The main economic indicator considered is the  ra t io  between energy 
consumption expressed in quasi-physical units (tons of oil equivalent, 
t.o.e.), and the value added f o r  a part icular sector,  e i ther  a t  constant o r  
cur ren t  prices. This ra t io  is basically dif ferent from a "physical" ra t io  that  
would consider t he  specific requirements of one unit product. In this rat io,  
the  energy consumption is the result of an aggregation of dif ferent types of 
energy by means of conversion coefficients; i ts  value is thus dependent on 
the  chosen set of coefficients that  are supposed to  express both the calo- 
r i f ic  power of each energy c a r r i e r  and the re tu rn  associated with equip- 
ment using the  type of energy considered. The value added is not only an  
indicator of "activity" of a sec to r  (this could also be expressed by a physi- 
ca l  indicator o r  an index of production), but i t  is also an indicator of the  
valorization of the activity, and in th is respect  i t  is r a t h e r  m o r e  an 
economic indicator. 

- 

Thus defined this ra t io  appears meaningless f r o m  a technoeconomic 
point of view, but i ts evolution is not meaningless with respect  to  economic 
deveiopment. The "energy content" of the  total  industry can be expressed 
by th is coefficient, and the energy content ref lects the  pat tern of develop- 
ment during past decades. More than witnessing the  long-term trend toward 
a relat ive decline of the ro le  of energy in the economic growth, i t  indicates 
a c lear  alteration between the growth that  w a s  made possible by the availa- 
bility of cheap energy, and tne  type of growth that took place after in the  
1970s. This alteration is indeed more a consequence of the cr is is of t he  
1970 to  1980s than the effect of an external  shock. The changes in the  
s t ruc tu re  of industry should indicate the  reasons fo r  the  decrease in 
energy consumption. 



1. EVOLUTION OF THE LINKS BETWEEN GROWTH AND ENERGY CON- 
SUMPTION 

1.1. The  Elasticity between Energy  and GDP 

Before looking at industry itself, w e  shouid f i rs t  consider the  total 
economy. One can look at the evolution of the energy consumption from two 
points of view: 

a )  the elasticity coefficient, which assumes that  there  are stable links 
between energy demand and growth when each var ies only marginally, 

b) the  energy coefficient, which is well known fo r  i ts proverbial decrease, 
assuming a given decreasing trend , independent of growth. 

The la t te r  point of view supposes that  those forces tha t  prompted the  
past  decrease of t'ne energy coefficient will prevail in the  future;  the  
former supposes that  energy demand var ies with the r a t e  of growth, t he  
evolution of the  energy coefficient being therefore linked t o  this ra te .  

Before the "oil shocks", the elasticity coefficient (calculated with 
econometric equations) worked perfectely well, and could thus express 
almost exactly the  changes in energy consumption using the changes in GDP; 
t'ne same relat ions with value added and energy demand of industry were 
excellent too. For the total  economy, the elasticity coefficient is  equal t o  
1.1 for  1962-1973, and has a tendency t o  increase slightly. - 

The f i r s t  oil shock disturbed this stability: the energy demand dropped 
in 1975, whereas the GDP stagnated. I t  is impossible t o  isolate elasticit ies 
a f t e r  1974; between 1976 and 1979, t he  energy consumption increased a t  a 
yearly r a t e  of 1.8%, and the  GDP increased a t  a r a t e  of 3.2% each year.  For 
1962-1973, t he  f igures were 6.2 and 5.5%, respectively. 

The second shock of 1979 was no be t te r  than the previous one. I t  is 
possible t o  isolate an elasticity coefficient f o r  1979-1982, but a negative 
one (minus Z.l),with the GDP increasing by 1.2% and energy consumption 
decreasing by 2.5%. A negative elasticity goes against common sense and 
would give surprising results if used fo r  long-term forecasts. On the o the r  
nand, during 1962-1973 the energy coefficient increased and so  forecasts  
using this t rend would have been disastrous. 

The elasticity coefficient between GDP and energy consumption was the  
main tool used in forecasts before the oil shocks, which explains the  fact  
t ha t  all forecasts on energy consumption made fo r  the  post shock period 
were wrong, whereas forecasts of energy had s o m e  success before 1973 
(see [I!). The consequence of th is is tha t  no official long-term forecasts on 
energy demand are made anymore. The e r r o r s  made related t o  levels of 
activity and elasticity coefficient and until 1980 the  official forecasts f o r  
1985 were based on positive elasticit ies between GDP and energy demand. 



This deep change in t h e  pa t te rns  of growth can be examined with more 
detai l  in t h e  var ious industr ies,  in o r d e r  to have a b e t t e r  idea of t h e  s t ruc-  
t u r a l  change in t h e  product ive s t r u c t u r e  [Z]. 

1.2. T h e  A l te ra t i on  o f  the Trend in Links be tween  Energy Consump- 
tion and Growth o f  Va lue  Added 

Industry h a s  seen i ts  s h a r e  of t h e  total energy consumption dec rease  
s ince 1962, when i t  w a s  50% of t h e  total French energy consumption; th is  
percentage was only 38% in 1973 and 31% in 1982. Since t h e  beginning of t h e  
1970s, t h e  household and se rv i ces  s e c t o r  h a s  been t h e  main French energy 
consumer. 

At t h e  same time t h e  s h a r e  of industry's value added in GDP grew in 
terms of constant  p r i ces  until 1973 (Table I ) ,  remained approximately con- 
s tan t  unti l  1979, and decreased a l i t t le  afterwarcis. On t h e  o t h e r  hand, note 
t h a t  because of re lat ively decreasing p r i ces ,  t h e  s h a r e  in t h e  total value 
added at c u r r e n t  p r i ces  h a s  decreased.  

Table 1. S h a r e  of industry 's  value added in GDP (%). 

sources:  131, [4], [5]. .. 

I 

The re la t ive  dec rease  of energy consumption by t h e  industr ia l  sector i s  not  
a new phenomenon. I t  i s  re f lec ted in t h e  elast ici ty coeff ic ients between 
value added and energy consumption: 0.56 between 1962 and 1973. A s  for 
t h e  whole economy, t h e r e  h a s  been a t rend  toward t h e  inc rease  of th is  coef- 
f ic ient  with time. 

The coeff ic ients are significantly smaller than one, and smaller than 
t h e  e last ic i t ies for t h e  tota l  economy. Since 1962 at t h e  latest, energy con- 
sumption of industry h a s  increased less than i ts  act ivi ty,  which means t h a t  
t h e r e  w a s  a decrease  in t h e  energy coeff ic ients well be fore  1973. This i s  not  
a s u r p r i s e  as i t  f i t s  with t h e  tradit ional representa t ion  of development, 
where industrialization leads toward a less energy-intensive development, 
as well a s  with t h e  post-World War I1 h is tory  of France.  Martin et al. 161 
note t h a t  th is  t rend was slowed down by t h e  post-World War I1 reconstruc-  
t ion per iod and by t h e  t h e  avai1abilit.y of cheap oil, which boosted some 
bas ic  industr ies, such as chemicals. 

The immediate e f fec t  of t h e  two oil shocks (Table 2)  was a d r o p  in t h e  
energy coeff ic ients (10% in 1975, 8% in 1980), but  between 1975 and 1979 i t  
seems t h a t  a new pa t te rn  of energy  consumption took p lace,  with a higher  
e last ic i ty  coeff ic ient (0.75) than before ,  as if t h e  f i r s t  shock had been a 
dis turbance t h a t  w a s  absorbed.  The d rop  of t h e  coeff ic ient in 1975 cannot  
be a t t r ibu ted to t h e  e f fec t  of t h e  medium-term t rend  mentioned e a r l i e r .  I t  
seems t o  be a d i r e c t  consequence of t h e  oi l  shock, not  only in te rms of 

1979 1983 1962 

25.22 
27.48 

1973 

Cur ren t  p r i ces  27.79 1 Constant 1970 ~ r i c e s  1 22.84 
26.58 
27.58 



energy (energy conservation measures taken a f t e r  1974), but a lso in terms 
of t h e  industrial c r is is  of the  1970s. 1975 was a recession year  for all  
industr ies, especially steel ,  pape r  and paperboard,  organic chemicals and 
nonferrous metals, al l  energy-intensive act ivi t ies. 

Table 2. Decrease of t he  energy coefficient. 

Average annual dec rease  in t he  energy coefficient: 3.0% - 

1 Average annual dec rease  in t he  energy coefficient: 3.6% 
1 

Years 

Average annual dec rease  in t he  energy coefficient: 7.8% 

(2)/(1) 

Energy 
coefficient 

0.3939 
0.3739 
0.3654 
0.3585 
0.3319 
0.3264 
0.3213 
0.3097 
0.3037 
0.2917 
0.2847 

Source: [3], [4], [5], [7]. 

1 

(1) i (2 
Industrial Industrial 

61.132 1 0.2827 

value added 
(billion FF 

1973 

energy consumption 
(million t.0.e.) 

39.178 
40.373 . 
43.164 
44.097 
44.993 
45.914 
47.682 
51.505 
54.112 
55.174 
57.468 

216.271 

1 1970 pr ices) 
- 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

99.457 
107.986 
118.112 
123.02 
135.547 
140.669 
148.409 
166.303 
178.188 
189.145 
201.823 



One must not  underest imate t h e  e f fec t  of t h e  a l te ra t ion  of behaviors 
after t h e  fourfold i nc rease  in oil p r ices .  These p r i ces  incited t h e  French 
author i t ies to base t h e i r  energy policy on t h e  availabil i ty of cheap oil (in 
1973, 70% of t h e  to ta l  energy  consumption w a s  supplied by oil products) .  
Likewise, in industry, all behaviors were influenced by t h e  belief in t h e  sta- 
bility of cheap oil supplies. Indeed, such suppl ies would allow a growth of 
t h e  economy, par t ly  f r e e d  from t h e  energy constra int .  In t h a t  respec t ,  1973 
was a v e r y  unpleasant surpr ise .  The past  pa t te rn  of growth w a s  questioned. 
The energy policy a f t e r  1974 has  been a n  e f fo r t  to diversi fy t h e  energy 
sources  and,  to some extent ,  an  at tempt to r e t u r n  to abundant cheap energy  
with t h e  deveiopment of t h e  nuc lear  program. But at t h e  same time, t h e  
necessity of a less energy intensive growth i s  acknowledged. With t h e  new 
energy pr ices ,  t h e  energy savings var iable has  a n  economic sense and some 
energy saving investments have become prof i table.  

I t  i s  diff icult, if not  impossible, to find to a definit ion of energy  savings 
t h a t  i s  widely accepted,  such a definition being a mat ter  of convention. In 
t h i s  paper ,  e n e r g y  s a v i n g s  a r e  a n y  decrease in the  energy  consumpt ion ,  
whether  i n  absolute te rms or  re lated to o u t p u t .  In a res t r i c t i ve  sense,  
energy  savings are simply a d e c r e a s e  in t h e  energy consumption due to 
voiuntary act ion, taken because of cnanges in t h e  supply conditions or in 
t h e  behavior  of t h e  agent ,  t h a t  moves toward a new "optimal" allocation of 
resources.  Adopting th is  definition, one usually distinguishes t h e  dec rease  
in t h e  energy consumption due  to "s t ruc tura l  changes", which is more or 
less independent of what i s  happening in t h e  energy a rena .  Such a 
representa t ion  is  given in Figure 1. 

The f a c t  t h a t  t h e  dec rease  in energy  content  of value added did not  
start in 1974, but w e l l  before ,  seems to  c o r r o b o r a t e  th is  representa t ion  at 
f i r s t  sight. But i t  must b e  noted t h a t  a charac te r i s t i c  of t h e  post-1973 
per iod i s  not  merely a d e c r e a s e  in t h e  energy coeff ic ient.  The coeff ic ient 
decreased only a b i t  f a s t e r  a f t e r  t h e  f i r s t  oi l  shock,  but  t h e  rate of growth 
of t h e  economy w a s  much smaller than before ,  t h e  consequence of th is  being 
an  a l te ra t ion  of t h e  elast ici ty coefficient. 

This representa t ion  allows energy savings a minor role, by definit ion, 
when separa t ing  t h e  e f fec ts  o f ' s t r u c t u r a l  change from energy var iables.  
The bulk of energy  consumption would b e  determined by industry's evolution 
alone. But one may wonder why energy i s  not  in tegrated as a determinant  of 
t h e  s t ruc tu re ' s  evolution too and not only as a consequence. If, as Martin et  
aL. [6] have pointed i t  ou t ,  t h e  1960s per iod w a s  itself a n  a l te ra t ion  com-  
pared  to t h e  iong-run evolution ( the  dec rease  in t h e  energy coeff ic ient was 
slowed down dur ing th is  per iod) ,  i s  th is  not  because of t h e  charac te r i s t i cs  
of t h e  energy markets at t h e  time? If one re in teg ra tes  energy  as an  eie- 
ment of t h e  s t ruc tu ra l  evolution of t h e  economy in genera l  and of industry 
in par t icu lar ,  one  is  ab le  to c a p t u r e  al l  t h e  determinants of t h e  development 
pat tern .  This approach i s  i l lust rated in Figure 2. In t h e  t radi t ional  
representa t ion ,  "energy savingsf' are always separa ted  from t h e  conse- 
quences of changes in t h e  s t r u c t u r e  of t h e  economy. This cor responds to 
t h e  view t h a t  energy  savings are t h e  resu l t  of t n e  act ion of industr ial ists. 
3u t  f o r  a wnole country,  t h e  changes in s t r u c t u r e  may b e  t h e  resu l t  of a 
voiuntary act ion,  whether to reduce energy consumption or not. I t  seems 
then a bi t  ar t i f ic ia l  t o  s e p a r a t e  "energy savings" from s t ruc tu ra l  change. 



Figure 1. A tradit ional representat ion of energy savings. 

Energy Saving Energy Needs 
Measures of t h e  Indust ry  

Energy Consumption 

\L 
Technological .-Fi )* Intermediary 

A look at t h e  energy coefficient f igures reveals  that  t he  second oil 
shock of 1979 w a s  followed by a rapid decrease  in t he  coefficients (7.8% p e r  
year) ,  and, unlike the  preceding shock, the  bulk of the  decrease w a s  not 
made in one year ,  but w a s  constant over  th is  sho r t  period. In the  energy 
market  , t he  post-1979 period is character ized by t he  fac t  t ha t  no one 
believes in a r e tu rn  t o  s tab le  o r  even decreasing pr ices,  in t he  s h o r t  term 
at least ,  whereas during t he  1975-1978 period the  oil p r i ces  did remain 
approximately constant. For  France, t he  pr ice of energy must include 
another  variable: t he  exchange rate between the  dol lar and f ranc;  a r i s e  in 
the  dol lar  increases oil p r ices too, independently of any oil market  condi- 
tions. 

The al terat ion of t h e  t rend relat ive t o  the  pre-shock period can be 
seen easily (Table 3)  when one makes energy demand forecasts  on the  basis 
of 1962-1974 energy-value added elasticit ies. The energy coeff icient fore-  
casted is then t he  ra t io  between t h e  forecasted energy demand and the  
value added of industry; in addition, according t o  o the r  representat ions of 
energy consumption, one takes  t he  decreasing t rend of t he  energy coeffi- 
c ient  as given and calculates the hypothetical energy coefficient f o r  a con- 
tinuing 1962-1973 t rend (minus 3.0% each year) .  

Evolut ion Evolut ion Demand 
Evolut ion 

C 

Al locat ion  of S t r u c t u r a l  Revolut ion 

Resources of t h e  Indust ry  
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Figure 2. An integrated. representat ion of energy savings. 
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The actual  consumption f o r  1974 is  b igger than t ha t  fo recasted,  bu t  t h e  
ef fect  of t h e  oil shock is, of course,  ignored, which means a gap between 
forecasts  and actual  consumption a f t e r  1975. One can see once again t ha t  
the  energy coefficient w a s  decreasing in forecasts  made on t he  basis of 
pre-shock elasticities [9]. 

The e r r o r s  made wnen one takes  f ixed elast ici ty coeff ic ients a r e  enor- 
mous f o r  the  yea r  1982: 32.2 and 36.2% f o r  the  1962-1974 and 1968-1974 
per iods,  respectiveiy. This is  an indication t ha t  t h e  evolution of t h e  energy 
demand a f t e r  the  shock is  not merely the  continuation of a t rend.  



Table 3. Continuation of t he  1962-1973 trend. 

Years 
Energy consumption 

Forecast  Actual 

61.92 64.63.3 
60.65 56.416 
63.38 59.484 
64.50 60.508 
65.33 61.158 
66.17 63.383 
67.48 60.204 
66.46 55.835 
66.74 50.5 

-- 

Energy coefficient 
Forecast  Actual Hypothetical 

0.2764 0.2884 0.2742' 
0.2804 0.2608 0.2660 
0.2719 0.2552 0.2580 
0.2686 0.2519 0.2503 
0.2662 0.2492 0.2428 
0.2638 0.2527 0.2325 
0.2603 0.2322 0.2284 
0.2630 0.2210 0.2216 
0.2623 0.1985 0.2149 

On t h e  o the r  hand, s ince t he re  w a s  aiready a decreasing t rend in the  
energy coefficients, t h e  hypothetical coefficient f o r  1982 di f fers  only by 8% 
from the  actual  one; t he  actual  energy coefficient is  bigger than the 
hypothetical one f o r  t h e  1975-1980 period, because t he  calculation of t h e  
l a t t e r  starts from the  y e a r  1973, thus ignoring t he  increase in t h e  former  in 
1974. I t  is  interest ing t o  note tha t  t h e  t rend f i ts  well with t h e  actual  coeffi- 
cients in 1976 and 1981. This makes relat ive t h e  "alterat ion of t he  energy 
coefficient"; over  t h e  1970-1982 period, t he re  w a s  no tremendous decrease,  
eccept af ter  33779. Nevertheless, it must not be forgot ten t ha t  t h e  decrease 
in t he  energy coefficient is  not a natural  p roper ty  of industry, but is  linked 
t o  a cer ta in  pa t te rn  of growth. The 3.0% decrease  t rend w a s  achieved when 
industry w a s  growing at an annual rate of 7.3%, whereas t he  growth w a s  
reduced t o  1.6% each y e a r  on average after 1974. Had industry grown at the  
same rate as before,  t h e  energy forecasts  would have been much bet ter .  
There is  no obvious reason f o r  t he  t rend t o  continue when t h e  economic 
growth occurs  at a completely d i f ferent  rate. Whether t h e  t rend i s  t he  
resu l t  of s t ruc tu ra l  change within industry is  examined in Section 2. There 
is  no reason t o  sepa ra te  "technical progress", whose ef fects would be  to  
lower t h e  energy requirements,, from t h e  rate of economic growth e i ther ;  
this "technical progress" is  not a natural  character is t ic  of industry and it 
seems logical t o  associate i t  with t h e  growth of a period [lo]. 

On the  o the r  hand, i t  would also b e  s t range t o  consider tha t  t he  
decrease  in t he  energy coefficient has t o  stop a f t e r  t h e  oi l  shocks and 
in te rp re t  t he  post shock decrease a s  a resu l t  of t h e  shocks. To c lear  th is 
point, i t  is  necessary t o  study in detai l  the  energy consumption of each sec- 
tor from t w o  points of view, technical and economic, before  and a f t e r  t he  
shocks, in o r d e r  t o  see if t h e  energy content of production evolves dif- 
ferent ly before and a f t e r .  The aim of this pape r  is much more limited [ll]. 
it is t o  examine t h e  evolution of t h e  energy consumption of industry a f t e r  
1970 from a n  economic point of view. W e  can r e p e a t  t h e  exerc ise,  taking 
t h e  f i r s t  oil shock into account (Table 4). 

Once again the  al terat ion is  obvious; after 1979 t h e  energy consump- 
tion decreases sharp ly  and t h e  dif ference between forecast  and actual  fig- 
u res  is  25.5% f o r  1982. The evolution of the  hypothetical energy coefficient 
is  not much di f ferent  from t'nat in Table 3; t h e  dif ference with t he  actual  
coefficient would have been l a r g e r  if w e  had taken into account t he  
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Tabie 4. Continuation of tne  1975-1979 t rend.  

increase in t h e  coefficient in 1979. In any case, t he  rate of dec rease  a f t e r  
1979 i s  much higher than before. 

I 

1 Energy consumption 1 Years i 
1 Forecast  Actual 

- I 

The al terat ion in t h e  pa t te rn  of energy consumption in industry is  
unciear a f t e r  1974. The links of energy consumption with economic growth 
were disturbed by t h e  f i r s t  shock,  but  everything seems t o  r e tu rn  t o  the  
previous t rends  a f t e r  1975. The energy consumption after 1979 i s  more 
surpr is ing.  The important dec rease  cannot b e  re la ted t o  previous decreas-  
ing t rend.  For  th is reason,  1979 can b e  considered as a more important 
a l te ra t ion yea r  than 1974 and, in t h e  following sect ions, t h r e e  benchmark 
yea rs  are examined: 1970, 1979, and 1982. The choice of t h e  benchmark 
yea rs  is a d i rec t  consequence of t h e  data  availability. 1979 is t h e  main 
a l tera t ion year ,  much more than t h e  f i r s t  oi l  shock period and 1902 is  t h e  
las t  yea r  f o r  which data  are available. I t  is  unfortunate t ha t  longer time 
se r i es  are not avai lable in o r d e r  t o  apprec ia te  t h e  dec rease  in t h e  energy 
consumption a f t e r  1979, but  some resu l ts  have been obtained s o  f a r  con- 
cerning t h e  new direct ion of t he  energy demand in industry. - 

Energy coefficient I 

Forecast  Actual Hypothetical 

2. CHANGES IN THE STRUCTURE OF FRENCH INDUSTRY 

2.1. Comparisons for the years L970.1979.1982 

In t he  f i r s t  sect ion t he  al terat ion of t h e  t rend  at t he  end of t he  1970s 
decade w a s  discussed. In o r d e r  t o  understand these changes, i t  is  possible 
t o  sepa ra te  t h e  changes in energy consumption into t h r e e  ef fects [12]: 

a )  The "content" ef fect ,  which expresses t h e  dec rease  in t h e  amount of 
energy needed t o  produce the  same amount of value added between two 
periods. 

b) The "structure" ef fect ,  which i s  t h e  e f fec t  of t h e  changes in t h e  s t ruc-  
t u r e  of industry on t h e  to ta l  energy consumption. 

c )  The "activity" e f fec t ,  which i s  t h e  consequence of t he  changes in t he  
level of act ivi ty of industry. 



These th ree  effects a r e  calculated simply : 

ECi VAi +-.-. 
VAi VA 

AVA 

where: (1) is the content effect; (2) is the s t ructure effect; (3) is the 
activity effect; (4) is the residual; ECt is the energy consumption of the 
sector  i ,  VA, is the value added of the  sector  i ,  and VA is the total value 

t =71 

added ( VAt ). 
- 

The separation into the th ree  effects has been completed fo r  12 
branches within industry f o r  the th ree  years under consideration. The 
branches a re :  mining; nonferrous metals (N F M); electrometallurgy (E M); 
metal processings (M P); machinery and electr ic equipment (M E E); cement, 
p laster,  and lime (C P M); o ther ,  building materials (0 B M); glass; chemicals 
(chem.); texti les, leather ,  and clothing (T L C); rubber ;  paper  and paper-  
board (paper); miscellaneous (misc.); iron and steel  (steel) . Only a lack of 
data prevented a more in-depth analysis. It w o u l d  h a v e  been  i n t e r e s t i n g  t o  
a d d  a n o t h e r  y e a r  to  this s t u d y  (a f ler  t he  f i r s t  shock),  b u t  i t  was n o t  pos-  
sibLe t o  f i n d  t he  n e c e s a r y  d a t a  o n  v a l u e  a d d e d  a t  a s u f f i c i e n t l y  d i s a g -  
g rega ted  Level. In th is mode of calculation, which is the  one adopted by 
IEJE, the energy coefficients are assumed fixed, w h i c h  is  just a conven -  
t i o n  f o r  t h e  caLcuLations of' t h e  t h r e e  efj+'ects. Had w e  had data concerning 
the evolution of sectoral  energy coefficients before the shock, i t  would 
have been interesting t o  study the  effects of relat ive changes in the  struc- 
t u re  in relation to  dif ferent ra tes  of decrease of the  energy coefficients. 
The s t ructure effect would have been presumably higher, but i t  seems arbi- 
t r a r y  t o  apply to  all sectors  the  same "natural" r a t e  of decrease of the 
coefficient. Moreover, th is decrease is linked to  a previous evolution of 
industry, and i t  is as arb i t r a r y  t o  assume that the coefficients follow a 
decreasing trend, whatever is the development of industry, as to  assume 
that  these coefficients a r e  fixed. 



Table 5. St ruc tu re  of industry in 1970. 

r l n d u ~ t r i a i  I I Industr ial  
I Sec to r  I value added (Z) energy 
I 

i 
-- 

I Rubber ) 2.35 I 1.51 

I I I 

consumption (%) 
I 

-- 

NFM 

( Pape r  1 2.98 1 5.28 

Mining , 2.00 i I 1.84 

0.20 0.02 

1 Stee l  1 5.12 I 28.32 

I 

I E l  I I 0.39 J2.g4 

1 Misc. 

Energy coefficient 
(t.o.e./thousand F) 

I M P  

12.16 

The s t r uc tu re  of industry in 1970 w a s  as shown in Table 5. The 
energy-intensive sec to r s  (nonferrous metals, electrometal lurgy and metal 
processings [13], cement, o t he r  building materials, glass, chemicals, pape r  
and paperboard,  and s tee l )  accounted f o r  26.3% of t he  value added of indus- 
t r y  and 74.6% of i t s  energy consumption. In o r d e r  t o  make energy coeffi- 
c ients and s t r uc tu re  comparisons simultaneously, w e  compare t h e  s t r uc tu re  
of industry in 1970 with those in 1979 and 1982 using constant 1970 pr ices.  

In 1979, t he  s t r uc tu re  of industry w a s  a s  shown in Table 6. The s h a r e  
of energy-intensive sec to r s  in tota l  value added is 26.2%, as in 1970, and 
these sec to r s  r ep resen t  74.7% of t h e  tota l  energy consumption, near ly the  
same f igure as in 1970. 

2.35 



Table 6. S t ruc tu re  of industry in 1979. 

, Sector  
Industr ial  

value added (%) 

Mining 

N F M  

E M  

M P 

ME 

C P L 

O B M  

Industrial 
energy 

consumption (%) -- 
1.91 

Energy coefficient 

(t.o.e./thousand P.) 

1 Pape r  
I 

I Glass 1 1.48 3.04 1 0.4369 

1 Steel  

1 

Total 

The s t ruc tu re  f o r  1982 is shown in Table 7. The s h a r e  of energy- 
intensive sec to rs  i s  26.7% of the  value added, a higher percentage than in 
o the r  years ,  and 73.9% of t he  energy demand. The only energy-intensive 
sec to r  t ha t  regressed noticeably is  steel ,  t he  o the r  ones e i the r  slowly dec- 
lining o r  progressing. Among t he  nonferrous metal act ivi t ies, some have had 
a considerable growth, but t he  lack of data prevent  us from looking at t he  
evolution of a more accura te  energy coefficient. 

Notice t ha t  t he  ro le  of energy-intensive sec to rs  i s  roughly t h e  same 
throughout t ne  per iod,  both f o r  energy consumption and value added. I t  
seems t ha t  t h e r e  a r e  no changes in the  s t ruc tu re  of industry, but  th is  is  t he  
resu l t  of t h e  inclusion in energy-intensive sec to rs  of t he  nonferrous metals 
and chemical activit ies. If w e  remove these activi t ies, w e  find a s h a r e  of t he  



Table 7. S t r u c t u r e  of Industry in 1982. 

I 

! 
i S e c t o r  
1 
i 

! Mining 

) O E M  

I I Giass 

i Chem. 
I 
I 

Rubber 

P a p e r  

S tee l  , 

Industr ial  
value added (%) 

Industr ial  
energy  I Energy coeff ic ient I 

I (t.o.e./thousand F) I 
I 

energy-intensive sectors of 13.0% of t h e  value added and 47.5% of t h e  
energy consumption in 1970: 11.8% of t h e  value added and 41.6% of the  
energy consumption in 1979, and finally 10.9% of t h e  value added and 39.6% 
of t h e  energy consumption in 1982. These act iv i t ies are then c lear ly  reces-  
s ive,  and t h e i r  r o l e  in t h e  determination of industry's energy  consumption 
has  decreased.  The inclusion of t h e  nonferrous metals and chemical s e c t o r s  
makes t h e  s h a r e  of energy-intensive branches in both value added and 
energy consumption s tab le  o v e r  t h e  per iod,  but  these two groups of activi- 
t ies  must b e  separa ted  from t h e  o t h e r s  because:  



a )  The chemical industry is a ~ e y  s e c t o r  f o r  t h e  development of total indus- 
t r y  and i t  has  exper ienced important in ternal  s t ruc tu ra l  changes o v e r  t h e  
per iod,  changes t h a t  do not  a p p e a r  at th is  level of disaggregation. 

D )  The c a s e  of t h e  industr ies based on nonferrous metals i s  unclear,  as 
shown iater; production has  had an  important increase in i t s  valor izat ion, 
without any apparen t  physical changes. 

I t  is t'nen useful t o  s e p a r a t e  these  growing industr ies from t h e  recess ive  
ones. 

Resi- 
dual  

Table 8. Evolution of t h e  energy consumption 1970-1979. 

(All f igures  in millions of t .0.e.) 

Activity 
e f fec t  

+ 0.40 

+ 1.83 

+ 2.54 

+ 1.80 

+ 0.62 

+ 0.57 

+ 4.12 

+ 1.30 

+ 0.33 

t1.15 

+ 0.55 

+ 6.17 

+ 21.38 

r------- 
C h a n g e  in 1 Content I St ruc tu re  

Sector consumption I ef fec t  i ef fec t  

- 0.36 

+ 0.32 

+ 0.81 

- 0.66 

- 0.16 

0 

+ 0.87 

- 0.82 

- 0.14 

+ 0.34 

- 1.01 

' - 1.60 

- 0.92 

- 0.19 

- 0.12 

- 0.73 

- 0.70 

i Mining i + 0.16 

N F M ,  
E M. and i + 0.71 
M P 

M E E  

i 
I Paper 

+ 1.19 

- 0.13 - 0.54 1 - 0.21 

, Rubber  + 0.11 1 -0.01 1 

C P L  I - 0.29 

1 + 0.14 I ;:I 1 I + 0.40 

Chem. i + 4.22 
I 

+ 0.81 

1 T L G  - 0.61 

+ 0.42 - 0.18 

- 1.45 

- 1.98 

Stee l  - 0.51 - 3.53 i v- 
Total + 6.20 

I 
- 8.59 



Table 9. Evolution of t h e  energy consumption 1979-1982. 

1 S e c t o r  

j- , Mining 

1 i ; ;.N.dnd 
M P 

M E E  

C P L  

' O B M  

/ Giass 

I I Cnem. 

1 *LC 
I 
I Paper 

I Misc. 

j Stee l  
I 

Change in I 
consumption ! 

- 0.22 

I 

Content S t r u c t u r e  yr;; 1 e f fec t  1 
- 0.17 

1 Activity 
effect 

- 0.02 

- 0.07 

1 t 0 . 1 0  

+ 0.06 

I - 0.02 

- 0.02 
I ' -0 .20  

- 0.03 

- 0.01 

-0.04 

- 0.03 

- 0.19 

Resi- 
dual 

t 0.02 

+ 0.49 

+ 0.02 

+ 0.03 

0 

- 0.01 

- 0.13 

+ 0.02 

+ 0.02 

+ 0.04 

+ 0.01 

+ 0.18 

(All f igures  in millions of t.0.e.) 

The t h r e e  e f fec ts  mentioned be fo re  are snown in Table 8 f o r  t h e  1970- 
1979 per iod,  and in Table 9 f o r  t h e  1979-1982 per iod.  Between 1970 and 
1979, t h e  main agent  of cnange in energy consumption w a s  t h e  change in t h e  
totai activi ty of industry. Over t h e  period, t h e  industr ia l  value added grew 
by 45Z  The growth w a s  made both by energy-intensive s e c t o r s  (chemicals) 
and by less energy-intensive ones (machinery and e lec t r i c  equipment). This 
expiains t h e  l ow  s t r u c t u r e  e f fec t ,  which cont r ibu tes  to t h e  lower energy  
consumption by  2 million t.0.e. only, most of th is  being due t o  t h e  decl ine of 
t h e  i ron and steel sec to r .  The energy content  e f fec t  i s  not t o  b e  neglected: 
t n e  most energy  intensive act ivi t ies (all metal activi t ies: i ron & steel ,  eiec- 
trometai lurgy, nonfer rous metals,etc.) have seen a d e c r e a s e  of t h e  energy 
content  of one  value added unit, and t h e  machinery and e lec t r ic  equipment 
sector maites a n  important contr ibut ion to t h e  content  ef fect ,  despi te i ts  
a l ready low coeff ic ient.  



Table 10. Average annual decrease of the energy coefficient between 1970 
and 1979. 

I i 
I Machinery & elec- 

7 Other building 
! t r i c  equipment materials - 2.5% 1 
I 

1 2 Iron & steel - 4.82 1 8 Glass - 1.6% I 
I 

Nonferrous metals, 9 Chemicals - 1.4% 
3 Electrometallurgy, - 4.6% I & Metal processings I 

i Textiles, leather ,  1 10  Rubber 1 dr clothing -4.57, 
i I 
I 

Cement, p laster 11 Miscellaneous + 5.0% / & lime - 4.3% 
I I 

1 6 Paper  & paperboard - 3.9% 1 2  Mining + 5.5% 
I 

I 
1 Total Industry: - 4.0% 1 

The contribution of each sector  fo r  tha t  period is summed up in Table 
10. The existence of a nonnegligible residual fo r  the  1970-1979 period indi- 
cates that  the t h ree  effects are more related to  each o ther  than one would 
initially assume. I t  has been shown in Section 1 that  the  period w a s  not 
real ly ar. alteration of t rend,  but r a t h e r  an alteration in the Level of the  
energy consumption. A f t e r  the  oil shock, the energy demand grew according 
t o  the  previous trend. On the  o ther  hand, t he  1979-1982 period appears  
much c learer .  

Contrary t o  the previous period, both activity and energy demand went 
down, but at different paces: the value added decreased by 1.5% whereas tine 
energy consumption dropped by 16.4% . A s  shown in Table 9, the activity 
effect contributes 9% only to  t he  general decrease of the  energy consump- 
tion. The s t ruc tu re  effect is more important (24% of t he  total decrease),  but 
most of i t  is due t o  the iron and steel sector  alone, just as before. Notice 
the positive s t ruc tu re  effect due to  the chemical industry, which is nearly 
a s  high between 1979 and 1982 as it was between 1970 and 1979, with the 
sna re  of chemicals in the  total  industrial value added continuing t o  increase 
after 1970. But the bulk of the  decrease of energy consumption (75%) i s  due 
to  the  content effect. This ef fect  is part icularly high fo r  energy-intensive 
activi t ies (metal activit ies, chemicals). Once again, the evolution of the 
energy coefficient i s  contrasted according t o  industries, a s  shown in Table 
12. 

The residual f o r  1979-1982 (see Table 9) can be considered as negligi- 
ble; the evolution of the energy demand after the second oil shock is mostly 
t he  consequence of the  decrease of the energy content of value added. Over 
1970-1982 the role of each ef fect  is  shown in Table 11. 



Table 11. The t h r e e  ef fects over  1970-1982. 

(All f igures in million t.0.e.) 

1 Change in energy I Content 1 St ruc tu re  I Activity 1 

Table 12. Average annual dec rease  of t h e  energy coefficients between 1979 
and 1982. 

Nonferrous metals, 
1 Eiectrometaliurgy, 

& Metal Processings -11.4% 

Residual 

-3.92 ~ consumption 
1- 
I 

- 2.36 

2 Chemicals - 5.6% 

e f f e c t e c  t effect 

- 15.01 - 4.02 + 20.59 

Cement, p las ter ,  
& lime - 5.4% 

Texti les, leather, 
& clothing - 5.2% 

5 Rubber - 4.5% 

Other building 
materials -4.5% 

7 Glass - 4.2% 

8 Pape r  & paperboard - 2.9% 

9 I ron & steel  - 2.5'7, 

10  Machinery & Elec- 
t r i c  Equipment - 2.3% 

11 Mining 

1 2  Miscellaneous + 0.02% 

Total industry: - 5.3% 

The evolution of each energy coefficient is  more dif ferentiated than 
f o r  1970-1979. For tota l  industry, t h e  decrease  of t h e  energy content 
acce lera ted a f t e r  1979, with t he  most energy-intensive sectors ,  except  iron 
and s tee l  and pape r  and paperboard,  accelerat ing this decrease  a f t e r  th is  
date  ( the f i r s t  t h ree  energy-saving sec to rs  f o r  1979-1982 are energy- 
intensive ones). This is  obvious f o r  the  nonferrous metals sec to rs ,  whose 
r a t e  of dec rease  doubled, and f o r  chemicals, which made limited savings 
ove r  1970-1979 and l a r g e r  than average ones a f t e r  1979. The case of glass 
i s  similar to  t ha t  of chemicals, with a limited decrease f o r  1970-1979, but 
th is decrease  more than doubled a f t e r  1979. In general ,  t h e  less energy- 
intensive sec to rs  had a slower decrease of energy content re la t ive  t o  t he  
most energy-intensive ones, with t he  notable exceptions of rubber ,  a sec to r  
t h a t  made no savings during 1970-1979, and text i les overal l ,  which made 
important savings f o r  t he  two periods, despite being a reiat iveiy recessive 
act ivi ty. One can discount t he  mining and miscellaneous sec to rs ,  t he  former 
being a recessive activity with few changes in i ts  s t ruc tu re ,  and t n e  l a t t e r  



being too heterogeneous a s e c t o r  t o  b e  studied in detail. They a r e  t h e  only 
s e c t o r s  in which t h e  energy content  actually increases.  Machinery and elec- 
t r i c  equipment has  swapped piaces in t h e  energy savings ranks:  f o r  1970- 
1973 i t  was t h e  s e c t o r  t h a t  had achieved t h e  most important savings, but  
a f t e r  1979 i t  i s  t h e  s e c t o r  in which these savings are t h e  least important. 

The opposition between content  and act ivi ty e f fec ts  i s  obvious, and t h e  
s t r u c t u r e  e f fec t  i s  only a secondary fac tor .  The most energy-intensive sec- 
t o r s  ove r  t h e  whole (1970-1982) per iod a r e  as shown in Table 13. 

Table 13. Evolution of t h e  energy coeff ic ients between 1970 and 1982. 
--- - - - 

! Nonferrous metais, 1 7 Other building 
7 Electrometai lurgy , 

I - 
- 47.7% I mater ia ls  - 25.17. 

& Metal processings 
I 

i 
I Texti les, l ea the r ,  I - 22.5% 
I & clothing i - 35.37. 

I 
Cement, p las te r ,  I 9 Glass - 20.0% / & lime - 34.92 1 

5 i ron  & s tee l  
I 

- 31.1% 1 11 Mining + 31.7% 

I Machinery & elec- 

1 t r i c  equipment - 32.9% 

10 Rubber  

Total industry: - 33.8% I 
I 

/ 6 P a p e r  & p a p e r  board  - 27.8% 1 2  Miscellaneous +-42.97. 
7- 

There  is  no c l e a r  separa t ion  between t h e  fas tes t  and slowest growing 
incustr ies.  Some recess ive  b ranches  (cement, i ron  and s tee l ,  text i les)  have 
achieved important energy  savings and some growing act iv i t ies (chemicals 
and, t o  a l esse r  extent ,  machinery and e lec t r i c  equipment) have lower than 
average  savings. The same could b e  said f o r  energy  intensit ies, al though, on 
t h e  wnole, t h e  most energy-intensive act ivi t ies a r e  declining. We could say,  
tnen,  t h a t  tine level of disaggregation (imposed by aata availabii i ty) is not  
sat is factory f o r  estimating what a r e  t h e  ef fects of changes in t h e  produc- 
t ion s t ruc tu re ;  most of t h e  changes a r e  internal  t o  each branch.  

; 

3. THE DECREASE OF THE ENERGY CONTEh'T OF VALUE ADDED 

A t  t h e  level of 12 branches,  changes in t h e  s t r u c t u r e  of industry a r e  
not  tine main fac to rs  f o r  a dec rease  in t h e  tota l  energy  coefficient. The 
b u l ~  of t h e  s t r u c t u r e  e f fec t  can b e  a t t r ibu ted t o  t h e  decline of two o r  t h r e e  
energy-intensive branches,  especially i ron and steel. One may wonder, 



tnougn, what the  "content effect" exactly is. The content effect studied 
above is determined by a ra t io  between the  energy consumption (in t.0.e.) 
and the vaiue added expressed in constant prices; i t  is  thus a tech- 
noeconomic coefficient @/?A). If w e  put aside ail problems concerning the 
exact  determination of the energy consumption, the  weakness of the coeffi- 
cient concerns the  expression of value added at constant prices. A s  stated 
in the  introduction, t he re  are two types of studies. Had this one been a look 
a t  a single branch, and especially an energy-intensive one, w e  could have 
considered an output indicator in physical terms ( tons of steel ,  etc.).  The 
E/?A coefficient is often taken a s  a subsidiary to  a physical indicator, which 
i t  is not. In o rde r  to  use the E/VA coefficient of iron and steel as a subsidi- 
a r y  of tne ra t io  between the energy consumption of the sector  and i ts pro- 
duction in physical terms, w e  have t o  assume that  the value added content of 
the production is constant, which is an  unlikely case especially in times of 
important "structural changes". Since this is a survey of the  whole French 
industry in t e r m s  of changes in i ts s t ructure,  w e  can only consider output 
indicators in monetary t e r m s .  And, in o rde r  to  study over  time the evolution 
of the energy coefficient thus defined, the output indicator must be in con- 
s tant  prices. One can look a t  changes in the  s t ruc tu re  of total industry with 
value added a t  cur ren t  pr ices,  but constant pr ices remove the  evolution of 
re lat ive prices. Of course, using constant pr ices neglects things such a s  
changes in products and technoiogies, but i t  sti l l  represents  a worthwile 
output indicator [14]. If one had t o  consider a "purely technical" coeffi- 
cient, i t  wouid be necessary t o  remove the effect of changes in the  value 
added content of the products, and this content may change considerably, as 
fo r  the case of nonferrous metals. In fact ,  t he re  is no such thing as  a "pure 
technical" coefficient, especially in the  case of an  economic study; the  . 
analysis of a technical coefficient would requi re  the study of links between 
energy, technoiogies, and products, which is outside the scope of th is 
paper.  

The part icular importance of the content effect is a d i rect  conse- 
quence of the  r a t h e r  aggregated level f o r  which energy consumption fig- 
u res  a r e  available. For eacn leve l  of disaggregation, one can associate a 
s t ructure effect, which effect, is likely to  grow as t'ne disaggregation 
increases. I t  is  not unsatisfying, though, to  notice that  a t  the level of 1 2  
branches, the  s t ructure effect is a secondary factor .  If the changes in the  
level of energy consumption can be explained by structural  change, then 
one must distinguish between structures.  I t  is obvious from the previous 
analysis that  the  s t ructura l  change is within each main branch and not 
between each branch. The energy accounting does not give enough detailed 
data to  allow us t o  appreciate a deeper s t ructura l  change. Thus, without the  
support  of energy f igures, w e  can only look at the development of t'ne 
branches and within each branch, making common sense assumptions on the 
relat ive energy efficiency of the dif ferent subsectors. 

Even a t  t he  level of 1 2  branches, i t  is  possible to  complete the general 
outlook by comparing the results using the energy coefficient calculated 
with vaiue added a t  constant pr ices (hereafter re fe r red  t o  a s  the  E/VA 
coefficient) with a coefficient caicuiaied with the index of Industrial Pro- 
duction (IIP) [I51 ( the E/IIP coefficient). Reference is also made t o  the 
ra t io  between the sha re  of one sector  with respect  to the  total energy con- 
sumption of industry and the  total value added a t  cur ren t  prices, the ESG 



Figure 3. IEC and IIP fo r  total industry. 

rat io.  For total industry, ESVA is  equal to 1 by definition, energy-intensive 
industries have an EWA super ior  to  one, and sectors  with low energy con- 
sumption have an  ESVA inferior t o  one. This ra t io  is a typically economic 
ra t io ,  taking into account the rea l  valorization of the activity of a sec to r  
(by the  means of value added a t  cur ren t  prices). The evolution of ESVA indi- 
ca tes  whether the  energy content decrease of a part icular sector  is la rger  
(decrease of ESVA) o r  smaller ( increase of E S A )  than that  of total  industry. 
W A  is  tine index of value added at constant pr ices,  and IEC the index of 
energy consumption (1970=100 fo r  all indexes). 

For total industry, the  values of these coefficients a r e  given in Table 
14. Before 1973, the E/ I IP  decreased a t  an annual r a t e  of 2X (over 1970- 
1973), just as f o r  1974-1979, but f o r  1979-1982, the  r a t e  w a s  a 5% decrease 
each year.  For comparison, f igures with E f l A  a r e ,  respectively, 2.5, 2.8, 
and 5.2%. 

Figure 3 shows the evolution of IIP and E C  fo r  total industry. I t  is  
c iear  here,  too, that  the major alteration year  is 1979, in which a la rge 
decrease in the  ievei of energy consumption occurred. The increase of the 
value added content of the  production explains the  difference in results the  
of E f l A  and E/IIF:. 



Table 14. IIP, PA, and E/IIP f o r  total industry. 

For each sec to r  we examine the evolution of the energy content of phy- 
sical products wnere possibie (iron and steel  and paper  and paperboard), 
then the E/IIP coefficients, IIP being taken a s  a pseudo-physical indicator 
expressing the growth of the  total production of a sector ,  and finally w e  
examine ESKA rat io. Figures showing the evolutions of IIP and ZEC are given 
fo r  each sector.  All r a tes  of change are given in annual average, unless 
otherwise stated. 

I 

' Years IIP A j E/IIP kp 1970 100 100 1.00 1 1971 106 .95 

3.1. Iron and Steel 

Years IIP N A  

1977 127 136 
1978 131 141 

This sec to r  is the  primary contr ibutor t o  the decrease of the energy 
consumption of total industry. Between 1979 and 1982, i ts  decline alone 
accounts fo r  27% of th is decrease. 

Between 1962 and 1970, the  energy content of crude steel  decreased 
each yea r  by 1% on average, the  r a t e  f o r  1970-1982 being slightly smaller. 
The decrease fo r  1970-1979 is very small, but equals 1.6% f o r  1979-1982. 
Such f igures are well below the drop of E/YA (3% p e r  annum during 1970- 
1982). The production of crude steel  is not the only activity of the iron and 
steel  sector.  Since i t  is not possible to aggregate ali finished products into 
an indicator in physical t e r m s ,  w e  reso r t  to  the pseudo-physical indicator 
(IIP]. 

The ra te  of decrease of E/IIP (Table 15) w a s  1.2% p e r  annum between 
1965 and 1970, and 1.8% between 1979 and 1982. Before 1975, IIP and E C  
were closely linked (Figure 4); the divergence s ta r t s  around 1977-1979 but 
does not widen in 1979 o r  a f ter .  The decrease of E/IIP is a bi t  l a rger  than 
that  of the energy content of crude steel ,  the global activity of the sec to r  
growing more than crude steei  production alone, and presumably with less 
energy-intensive activit ies (transformation of crude steel). But the differ- 
ence between E/YA and the  other  coefficients is due to  the increase of the  
value added content of the production , although the value added a t  cur ren t  
pr ices is not as high as tha t  in constant pr ices (Table 16). 

The vaiue added content of the activity tends to  increase; the sec to r  as  
a whole is in a deep cr is is a t  a world level, and the  norms of production as 
well as the  norms of consumption have changed. On the whole, the  t rend goes 
toward more sophisticated and diversified products (see[16]), the share  of 
special steels is increasing: 11% in 1973, 15% in 1982. 

, 112 .94 1 1  1979 136 145 1 9 3  120 121 1980 136 146 
124 126 ( .94 1 1981 134 142 



f igure 4. IEC and IIP i ron & steel  
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Table 15. Energy coeff icients f o r  iron and steel.  

1962 
.- 

1965 1970 1974 1979 1982 ----- 

Energy content 
of c rude  s tee l  0.63 0.61 0.58 0.50 0.57 0.54 1 (t.0.e. p e r  ton) 

I E/IIP 

Tine evolution of ESiA shows that  the  savings of t he  sec to r  a r e  below 
the  average  of industry, whatever t he  technical energy savings may be,  and 
t h e  value added of t h e  sec to r  decreases relat ively more than t he  energy 
consumption. One can notice the  part icular ly  high value of ESZA, showing 
t he  energy intensity of t h e  sector .  



Table 1 6  Economic indicators f o r  iron and steel. 

i 
/ Industry's vaiue added 

I a t  constant 1970 pr ices (%) 

I IIP 1 100 104 82 1 

1 Industry's vaiue added 
I a t  cur ren t  pr ices (%) 

The iron and steel  sector  demands a growing pa r t  of the  energy con- 
sumption relat ive t o  its contribution t o  value added. The rapid growth of 
E.WA shows that  the rea l  achievements of the sector  in terms of energy sav- 
ings a r e  much more modest than what one could have thought when looking 
a t  E/VA. 

5.12 
i 

3.2. Paper and Paperboard 

I - 

IiiA I 
! I 100 130 

The total decrease of the energy content of paper  is 17.42% between 
1970 and 1979 (2.1% each year) ,  5.46% between 1979 and 1982 (1.9% each 
year) ,  and 21.93% over  the  whole period. As fo r  steel ,  but t o  a minor extent,  
this decrease is inferior to  that  of E A  (the decrease of E/VA is  negligible 
between 1970 and 1973, but after 1973 i t  goes down a t  the r a t e  of 3.4% each 
year  until 1979, and 1% for 1979-1982). I t  follows approximately the t rend of 
E/IIP (Table 17). 

The closeness between IIP and the  physical indicator may be explained 
by the fact  that  the la t te r  includes both paper  and paperboard production, 
and the re  were no major changes in the product mix of the  sector except 
f o r  the  slower growth of puip production compared t o  paper  and paper-  
board. The decrease of E/IIP is  observable since 1965 . 

A f t e r  1975, the E C  grew a t  a smaller r a t e  than IIP, and a f t e r  1979 i t  
decreased whereas the IIP remained approximately constant. The r a t e  of 
decrease of E/IIP w a s  approximately 4% p e r  year  between 1965 and 1970, 
which is more than most sectors.  Between 1970 and 1975, the average 
decrease was 2% each year ,  just as between 1975 and 1979, but a f t e r  1980, 
the r a t e  went up to  4%. On a long period, t he re  is no big change of the E/IIP, 
oniy the 1980-82 evolution being opposed t o  that  after 1970. 

Tine value added of the sector  has slowly increased in cur ren t  pr ices 
from 1970 on, which is not the case in constant pr ices (Table 18). In gen- 
era l ,  t he  vaiue added (at constant prices) content of production is increas- 
ing, since within the sector  the production of paper  and paperboard grew 
faster  than that  of pulp. When one takes value added a t  cur ren t  pr ices,  the  
values of ES?A indicate bet ter  than average energy savings between 1970 
and 1979, but a negative evolution between 1979 and 1982. This fact  is  also 
observable witn E/IIP. According t o  these coefficients, the paper  and 
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Figure 5. IEC and IIP f o r  p a p e r  and paperboard .  

es. 4 I 
1970.1971.1972.1973.1974.1975.1976.1977.1976.1979.1980.1981.1962. 

Table 17. Energy coeff ic ients f o r  p a p e r  and paperboard .  

1965 1970 1974 1979 1982 1 I Energy content  
of ~ a ~ e r  I - 0.62 0.53 0.51 0.48 

/ EWA 1 - 1.77 - 1.63 1.76 I 1 

paperboard  s e c t o r  has  e i t h e r  not  followed t h e  t rend  toward an acce lera t ion  
of t h e  dec rease  of t h e  energy coeff ic ient a f t e r  1979-1980 or h a s  done so 
only to a lesser extent .  

For  a l l  o t h e r  sectors, i t  i s  not possible to iso late a physical indicator  
( the  cement s e c t o r  includes also all p ias te r  products) ,  and thus t h e r e  can 
only be comparisons with t h e  pseudo-physical index, IIP. 



Table 18. Economic indicators for p a p e r  and paperboard .  

1 S h a r e  in industry 's  value 1 ! 
! added at constant  p r i c e s  (%) 2.98 2.74 2.76 1 
I S h a r e  in industry 's  value I 
! added at c u r r e n t  p r i c e s  (%) I 2.98 3.01 3.04 - 
I mi I loo 133 133 1 

IIP 1 100 124 122 1 

3.3. Cement. Plaster, and Lime 

Figure 6. IECand I I P f o r  cement, p las te r ,  and lime. 

Tabie 19 shows a decrease  of 6% f o r  1970-1979 (0.7% p e r  annum) and. 
11% f o r  1979-1987, (3.7% p e r  annum), compared with 23% and 15%, respec-  
t ively, for E/VA over  t h e  total period. The gap between E/IIP and E/NA is  
expiained by t n e  increase of t h e  value added content  of t h e  production 



Table 19. Energy coeff icients f o r  cement, p las ter ,  and lime. 

Table 20. Economic indicators f o r  cement, p las ter ,  and lime. 

(Table 20). Unfortunately, t he  inaccurate method f o r  calculating t he  vaiue 
added of th is  sec to r  [I71 part ly  explains t he  di f ference between EPA and 
E / W ,  since t h e  value added of t he  cement sec to r  is  cer ta in ly overes- 
timated. This is  why EWA is  not given a f t e r  1970 (Table 19). The dec rease  
of t n e  energy coeff icient is  thus less  important than t ha t  shown in Table 19,  
and must b e  between 11 and 302. The E/IIP i s  then more rel iable. The evolu- 
tion of IEC and IIP a r e  shown in Figure 6. 

i 1970 1979 1982 1 
-- 

I t  is  ce r ta in  though, tha t  t he  value added content of the  sec to r  has 
increased. The subbranch "plaster" has  grown much f as te r  than cement, 
which has nad a n  e f fec t  on energy consumption, p las ter  being much less  an  
energy-intensive product  than cement. - 

N A  

In t h e  technical  f ield, t he  evolution of energy efficiency is uncertain. 
I t  seems [I81 t ha t  i t  has  decreased as a consequence of changes in t he  
s t r uc tu re  of t h e  energy ca r r i e r s .  The industry has changed to a coal dom- 
inated energy-car r ie r  s t r uc tu re  s ince 1979, a consequence of t h e  pr ices of 
oil. Oil w a s  dominant before  1979 (68.3% of to ta l  energy consumption in 
1973), but  has  seen i t s  s h a r e  much reduced s ince (25.3% of tota l  energy con- 
sumption in 1982). The technical evolution is contradictory to t h e  economic 
evolution. 

100 122 115 

3.4. Nonferrous Hetals 

I I 1 IIP 
i 

I 100 9 9 8 9 

Tie di f ference in t h e  respect ive evolutions of IIP and N A  is  part icu- 
lar ly  l a rge  f o r  t h e  industr ies based on nonferrous metals (Table 21). 
Because of t h e  lack of disaggregated data ,  i t  w a s  necessary t o  aggregate  
t h ree  types of industr ies: metal processings, 

nonierrous metais, and electrometal lurgy, th is  las t  one being by f a r  t h e  
most energy-intensive act ivi ty of t he  industry as a whole, with an E P A  of 
4.05 in 1970 as against 0.27 on average.  This means tha t  th is sec to r  is  15 
times more energy intensive than t he  average  of industry. In a l l  t h r e e  sec- 
t o r s  together,  t he  dec rease  of EPA between 1970 and 1982 i s  48%, and had 
i t  been possible t o  isolate nonferrous metals and e i e~ t rome ta l l u rgy~  w e  may 
have obtained nigher dec reases  . Most of th is tremendous decrease i s  due t o  
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Figure 7 .  IEC and II? f o r  nonferrous metals. 

Table 21. Energy coeff ic ients f o r  nonferrous metals. 

a n  inc rease  of t h e  value added of t h e  t h r e e  s e c t o r s  (Table 22). 

All  t h e  f igures  in Table 22 show a n  inc rease  of t h e  s h a r e  of t hese  sec- 
tors in total industry and t h e  growth of t h e i r  value added does not  
cor respond t o  a growth in t h e  pseudo-physical indicators. The growth of 
vaiue added is not observable in c u r r e n t  p r i c e s  until 1979, which means t h a t  
t h e  evoiution of EWA i s  unfavorable unt i l  th is  da te  and favorab le  a f t e r ;  t h e  
d e c r e a s e  of ESVA a f t e r  1979 i s  tremendous. The energy savings of these  
t h r e e  s e c t o r s  d o  not have an  observab le  "physical" basis (see Figures 7 ,  8, 
and 9). For  t h e  t h r e e  sec to rs  together ,  t h e  a e c r e a s e  of E/ I IP  i s  modest. In 
fac t ,  t n e r e  is  no savings f o r  metal processings according to th is  c r i te r ion ,  



Figure 8. iEC and IIP f o r  e lectrometal !ur~y.  
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Table 22. Economic ind ica tors  f o r  nonfer rous  metals. 
- 

I +---- / S h a r e  in industry 's  
/ vaiue added at 
j constant  p r i c e s  (%) 
t 1 S h a r e  in industry 's  
i value added at 
I c u r r e n t  p r i c e s  (%) 
I 

1 1  P A  
1 IIP 

1 -  
- 

1970 1979 1982 

2.94 3.17 3.82 

2.94 2.69 3.72 

100 156 189 

100 121 116 I 



Figure 9. E C  and IIP f o r  metal processings. 
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Tabie 23. Growth of vaiue added f o r  nonferrous metais. 

I I 

I - -- 
1970 1979 1982 

1 r fA I 
I 100 198 262 

1 index of 
j production 

i 
100 166 186 

and v e r y  limited ones f o r  t h e  two o t h e r  sec to rs .  The usual representa t ion  of 
energy  savings is  in t h e  form of a "technical progress",  which lowers t h e  
energy requirements p e r  unit of product .  Here,  we have savings which t a k e  
t h e  form of a n  increase of t h e  value added of t h e  product ;  t h e  technical  
p rog ress  in these  s e c t o r s  is  toward t h e  use of l igh ter  materials, s o  produc- 
t ion in tons may not  b e  t'ne best  indicator of act ivi ty.  Moreover, t h e r e  are 
new uses of those materials, again with a limited "weight requirement", bu t  
with a high value. This phenomenon is  especial ly t r u e  of t h e  nonferrous 
metais s e c t o r  of Wational Accounting [19], from which t h e  nonferrous metals 
and eiectrometal lurgy f igures  a r e  issued (Table 23). The index of 



Table 24. Growth of value added f o r  tota l  industry. 

I I 1970 I 
1979 

- - - -- - - - - - - - - - - - - - . - 1982 / 
+---- r-- --N- 

L-- I 
100 1 4 5  1 4 5  

/ Index of 
/ production I I 0 0  1 4 1  1 4 1  I 

production r e f e r s  t o  production in monetary terms,  not  to IIP. This can  b e  
compared to t h a t  of tota l  industry (Table 24). Fo r  t h e  t h r e e  sectors con- 
s idered,  and especial ly f o r  nonfer rous metals and electrometai lurgy, t h e r e  
is  a d e c r e a s e  of t h e  s n a r e  of intermediary consumption in t n e  value of p ro-  
duction (76X in 1979, 66% in 1982). From a n  economic point of view, these  
sectors have achieved t h e  most important energy  savings. 

The technical basis f o r  t h e  energy savings may b e  t h e  development of 
secondary smelting metals, especial ly aluminum. The growth of remel ted 
aluminum was par t icu lar ly  obvious a f t e r  1973-1975. But t h e  same 
pnenomenon is  not t r u e  f o r  all metals; secondary copper  and zinc have had 
a much siower growth than ref ined metals. In any case, t h e  technical  
achievements of these  act ivi t ies are not remarkable,  and t h e  d e c r e a s e  of 
t h e  energy coeff ic ient is a purely economic phenomenon. 

The case of g lass is  exact ly  t h e  inverse,  with t h e  valorizatiori of t h e  
act ivi ty of t h e  s e c t o r  occur r ing  under poor conditions o v e r  t h e  per iod,  
Table 24. N o t  only is t h e  value added (constant pr ices)  content  of t h e  pro-  
duction becoming lower, but  t h e  re la t ive  p r i c e  evolution is  itself unfavor- 
ab le  . This explains t h e  relat ively low achievements of t h e  sector in t h e  
dec rease  of E/VA and EWA, compared to t h e  outstanding resu l t  obtained 
with E/I IP (-36% o v e r  1970-1982 againt  -26% f o r  total industry).  

The rap id  dec rease  of E / W  starts a f t e r  1973. Before t h a t  d a t e  t h e  
IEJE f igures  show a slower, but real, improvement of t h e  energy eff ic iency, 
2% p e r  annum on average ,  excep t  f o r  some ups and downs in 1967 and 1971. 
This evolution is  d i f fe rent  from t h a t  of E/VA, which decreased from 1970 to 
1973 at t h e  rate of 1.8% p e r  annum, dec reased  very  l i t t le  unti l  1979, and 
finaily then decreased at an  average  annual r a t e  of 4.2X unti l 1982. Fo r  
E/VA t h e  f i r s t  shock does not  correspond t o  a breakdown. For  E/IIP, 1973- 
1975 is  a breakdown per iod,  with t h e  growth of industr ial  product ion not  
l inkea t o  t h a t  of energy  consumption as be fo re  (see Figure 10). 

There  a r e ,  within th is  sec to r ,  p roducts  t h a t  have a much h igher  growth 
than o the rs ,  such as flat glass and glass f i b e r ,  and o t h e r s  t h a t  a r e  reg ress -  
ing, such as hand-made glass and. opt ical  glass. F o r  th is  reason,  t h e  calcula- 
t ion of t h e  IIP and value added a t  constant  p r i ces ,  which use  f ixed 1970 
weignts, may not  r e p r e s e n t  t h e  real activi ty of t h e  sec to r .  Only disaggre- 
gated da ta  concerning energy consumption and act ivi ty would solve t h e  mys- 
t e r y  of t h e  gap between di f ferent  coeff ic ients. Thus one may p r e f e r  to look 
at EYiA (Table 26). For  every  per ioa,  t h e  energy efficiency evolves in a 
less favorabie way than t h e  average  of industry. 



Figure 10. lEC and IIP f o r  giass. 
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Tzble 25. Economic indicators f o r  glass. 

Sha re  in industry's 
value added at 

- 
I Sha re  in industry's 

value added at 1 constant o r i ces  (%I 

1970 1979 1982 

1.48 1.48 1.55 

cu r ren t  p r i ces  (%) 

F'JA 

IIP 

100 145 150 

100 183 188 1 



Table 26. Energy coefficients f o r  glass. 

I ESEA 1 - 1.77 2.25 2.30 1 

3.6. Rubber 

Table 27. Economic indicators f o r  rubber .  

r 
i- C- - 

1970 1979 1982 

1 S h a r e  in industry's 
I value added at 1 I I 2.35 1.89 1.62 
I constant p r i ces  (%) i 

- 
I 
I Share  in industry's 
j value added at i 2.35 2.33 2.08 
I cu r ren t  pr ices (%) i 

Table 28. Energy coefficients f o r  rubber .  

TiA I 
1 100 117 80 

1 ESEA 1 0.64 - 0.66 0.65 1 

I IIP 

Rubber is  a regressing sec to r  in terms of value added, th is  regression 
being at tenuated when one consider industrial production (Table 27). The 
movement of re la t ive  p r i ces  i s  favorable t o  t he  sec to r  and softens i ts  
regression. The evolution of ESVA i s  a l i t t le b i t  less favorable than average,  
which i s  a be t t e r  resu i t  than wit'n E/IIP (Table 28). The energy content of 
industrial production decreases mostly a f t e r  1979, when industr ial  produc- 
tion drops i tself ,  as shown in Figure 11. 

100 123 105 



Figure 11. E C  and IIP f o r  r u b b e r  

135 -  T 

3.7. Other Building Materials 

The energy eff ic iency of t h e  s e c t o r  is b e t t e r  with E/IIP than with E/KA 
(Figure 12) ,  par t ly  because of t h e  way value added w a s  calculated (see t h e  
case  of cement, p las te r ,  and lime), an6 thus  t h e  real value added of th is  sec- 
tor i s  presumably l a r g e r .  Between 1979 and 1982, E/KA h a s  dec reased  fas- 
ter than E/IIP, bu t  th is  i s  t h e  case  for total industry, s ince on average  
value added grows f a s t e r  than industr ial  product ion. The energy savings of 
th is  s e c t o r  remain below t h e  average  according to t hese  coeff ic ients. The 
re ia t ive  p r i ces  evolution i s  favorable to tine s e c t o r ,  and even when t h e  
vaiue aciced is underest imated, ESKA i s  a round t h e  average  of industry 
(Tables 29 and 30). With t h e  actual  value added, one  may assume t h a t  t h e  
savings of th is  s e c t o r  a r e  above the  average.  

A s  in o t h e r  s e c t o r s ,  relat ively less energy-intensive products (con- 
c r e t e )  have had a h igher  growth than re iat ively energy-intensive ones. 



Figure 12 .  IEC and II? i o r  o the r  building materials. 

Table 29. Energy coeff ic ients f o r  o t h e r  building materials. 

3.8. Textiles. Leather, and Clothing 

This sector shows important energy  savings with eve ry  indicator  (Fig- 
u r e  13). Tie decrease  of E f l A  s ta r ted  oniy a f t e r  1973 and acce le ra ted  
a f t e r  1979 (-4.5% p e r  annum f o r  1973-1979, -5.2% f o r  1979-1982). The rela- 
t ive p r i ces  evolution is  favorab le  t o  t h e  sector, especially between 1970 
and 1979. This br ings a n  outstanding achievement f o r  energy  savings with 
EWA: aithough t h e r e  is a sl ight regress ion a f t e r  1979 (Tables 31 and 32). 



Tabie 30. Economic indicators f o r  o t h e r  building materials. 

I S h a r e  in industry 's  
i value added at 
j constant p r i ces  (%) 

I 
i I 

1 S h a r e  in industry's 
value added at I c u r r e n t  p r i ces  (z) 

I 

1 r~r~ I loo 127 121 j 
I 

1 IIP 1 100 135 118 1 

Figure 13. Texti ies, i e a t n e r ,  and clothing. 

The vaiue added content  (a t  constant  pr ices)  of t h e  product ion i s  
stable.  The evolution of re ia t ive  p r i ces  after 1979 explains th is  regress ion,  
wniie t h e  ot'ner coeff ic ients show important savings a f t e r  t h e  second oil 
shock.  The sector, desp i te  being energy  extensive, always h a s  b e t t e r  than 
average  resui ts .  The t reatment of f i b e r s  t o  make finished products  grew 
f a s t e r  than t h e  basic opera t ions  on f ibers ,  but  t h e r e  is  no a p p a r e n t  



Table 31. Energy coefficients f o r  textiles, leatner,  and clothing. 

Table 32. Economic indicators f o r  textiies, leather,  and clothing. 

7 1970 1979 1982 

Share in industry's 
vaiue added a t  I constant pr ices (z) 
Share in industry's 

'value added at 1 cur ren t  pr ices (%) 

increase in the  value added content of production. - 

I IVA 

3.9- Machinery and  Electr ic Equipment 

100 104 96 

This sec to r  represents  half of French industry's value added (Table 
34), but only 13% of i ts energy consumption. The evolution of the  energy 
coefficient is  roughly the  same using E/VA and E/IIP, except that  the shocks 
did not accelerate tne decrease ,of E/KA (the average annual decrease being 
4.3% f o r  1970-1973, 3.3% f o r  1973-1979, and 2.2% f o r  1979-1982). Figure 14 
snows the effects of the  two oil shocks; the shapes of these curves a r e  very 
close t o  those of totai industry. Before 1973, the  E/IIP decreased a t  an 
annual ra te  of 2%, the same decrease as fo r  the 1970-1982 period. But the 
E/IIP remained approximately constant between 1975 and 1979 (0.84) (see 
Table 33), and decreased by 4% p e r  annum on average fo r  1979-1982. 

When one takes value added at cur ren t  pr ices,  the energy savings of 
this sector  a r e  close to  average. Being a large sector ,  i t  includes subsec- 
t o r s  whose relat ions to  energy a r e  very dif ferent from one to  another.  In 
economic t e r m s ,  the components of the sectors  are diverse too. There a r e  
recessive activit ies, such a s  foundries, and modern fast growing ones, such 
a s  electronics. The combination of the  two gives a t rend in which there  is a 
decrease of the most energy intensive industries and the  rapid growth of 
the modern activit ies that  have very f e w  energy requirements and a high 
vaiue added content. The traditional machinery activit ies a r e  decreasing o r  
stagnating (agricultural and professional machinery, precision mate ria!^), 
but every activity based on office materials (and especially computers) ana 

! IIP 100 106 94 I 



Figure 3.4. IEC and TIP fo r  machinery and eiectr ic equipment. 

1 Bra. I 
1 970.1 971 .1 972.1 973 .1 976 .1975.1976 .1977.1978 -1 979 .I900 .I96 1 .1962. 

Table 33. Energy coefficients fo r  machinery and electr ic equipment. 

professional o r  domestic electronics are growing very strongly (Table 35). 

But an unfavorable relat ive pr ices evolution prevents these activit ies 
from greatly increasing the i r  share  in value added at cur ren t  pr ices (9.87% 
in 1970, 10.449, in 1982). The index of production gives a be t te r  idea of the 
important cnanges in tne production s t ructure,  as shown in Table 36. 

All these activit ies give a pa r t  of their  productivity gains t o  o ther  sec- 
t o r s  by the means of decreasing prices. 



Table 34. Economic indicators f o r  machinery and e lec t r i c  equipment. 

r 
I 

- - . -. -- - - -- -- - -- 
1970 1979 

I S n a r e  in industry 's  I 

value added I 45.34 51.81 49.96 1 
P 

1 constant  p r i ces  (z) 

I r'k 
, 
! IIP i 100 145 145 

I / S n a r e  in industry 's  
1 value added 

Table 35. N A  cf e lec t r i c  materials and professional e lectronics.  

45.34 52.03 52.41 1 

Taole 36. IIP of some f a s t  growing act ivi t ies. 

1 c u r r e n t  p r i ces  (%) 
I ' 

! Sec to rs  1 1970 1975 1979 1982 1 -- m - - 

1 Automatisation 
I 
I 

I 

1 materials 1 100 155 156 201 

I Teiecommunication ! 
I materiais 
+-- 

i 109 243 297 342 

I Eiectronics 
1 components 157 228 262 1 
I I 
i Electronic 
I I 
i tubes 

i 
- 1 100 133 244 319 / 

Among t h e  "machinery and e iec t r i c  equipment" s e c t o r ,  t h e  fas tes t  
growing act iv i t ies a r e  t h e  ones where energy piays a v e r y  s m a l l  r o l e  as a 
cost  (1.8% for elec t r ic  and electronic materials, 1.2% f o r  shipouiding and 
a i r c r a f t  industr ies).  



3.10. Chemicals 

7-7. r l gu re  15. IEC and IIP f o r  chemicals.  

Table 37. Energy  coef f ic ients  f o r  chemicals. 

This s e c t o r  i s  t h e  second con t r i bu to r  ( a f t e r  i r on  and s tee l )  t o  t h e  
d e c r e a s e  of industry 's  e n e r g y  consumption between 1979 and  1982. Chemi- 
cals h a v e  a b igger  d e c r e a s e  of E/IIP than  ERA (26X aga ins t  22% f o r  1979- 
1902) and  are a l i t t l e  above  a v e r a g e  with E/IIP, Table 37.  I t  i s  su rp r i s i ng  
t o  see t h a t  E/IIP nad  a f a s t e r  d e c r e a s e  b e f o r e  1973 (4% p e r  annum on  ave r -  
age )  t han  a f t e r  (2% p e r  annum). This movement i s  more  obvious with ERA 
( see  t h e  evolution of NA/IIP), whose annual d e c r a s e  is  1.2% f o r  1970-1973, 
0.01% f o r  1973-1979 and  5.6% f o r  1979-1982. As f o r  o t h e r  s e c t o r s ,  i t  i s  oniy 
s i nce  1979 t h a t  t h e  E/IIP n a s  quicizened i t s  d e c r e a s e  (5 I ) .  This i s  obvious 



from Figure 15.  This s e c t o r  has  ve ry  d i f ferent  products: a l i  organic chemi- 
ca ls  products  a r e  ve ry  energy  intensive and all pharmaceuticals products  
are energy extensive.  

The growth of p roducts  is  very  d i f ferent  from one to another ,  and th is  
makes any indicator calculated on t h e  basis of f ixed weights ( I IP and value 
added at constant  pr ices)  r a t h e r  questionable. For  instance,  t h e  growth of 
polypropylene and calcium carb ide are (IIP) given in T a ~ l e  38. 

Table 38. IIP f o r  calcium ca rb ide  and polypropylene. 

I 
I -- - 

Weights 1 1970 1982 1 Calcium ca rb ide  i 3.6 100 
' 

I Polypropylene 1 1.4 100 1555 

The production of poiypropylene has  multiplied by 15 and t h a t  of cal- 
cium ca rb ide  n a s  been reduced to one f i f th, bu t  t h e  importance of each sec- 
tor remains t h e  same in t h e  calculation of IIP o v e r  t h e  whole period. For  
th is  reason,  i t  seems p re fe rab le  t o  examine ESKA (Table 37). With th is  indi- 
c a t o r ,  t h e  sector achieves less than average  energy savings; indeed, th is  
oniy re in fo rces  t h e  t rend  observed with EmA. 

Tabie 39. Economic indicators f o r  chemicals. 

constant  p r i ces  (%) 

S h a r e  in industry 's  
I value added 1 10.30 11.00 10.70 1 

i 
I 

S n a r e  in industry 's  1 value added 

I c u r r e n t  p r i c e s  (%) I 1 

1970 1979 1982 

10.30 11.28 11.96 

I I IIP 
I i NA/IIP 

100 168 173 1 
1.00 0.86 0.94 

A ve ry  simple separa t ion  can  D e  made in t h e  s t r u c t u r e  of t n e  sec to r ,  
between basic chemicais on t h e  one hand and parachemicals and pharma- 
ceut icais on t h e  o the r .  The l a t t e r  have had a f a s t e r  growth than  t h e  fo rmer  
in te rms of IIP and value aadea ( the N A  of basic chemicals was 150 in 1982, 
tha t  of pnarmaceuticais and parachemicals was 183), especial ly a f t e r  1979. 
Between 1979 and 1982, t h e  value added at constant  p r i ces  of pharmaceuti-  
cais increased by 25%. For  t h e  tota l  chemical s e c t o r  and especial ly f o r  
pharmaceut icais and parachemicals, tine re lz t ive  p r i ces  evolution is  
unfavorable (Table 39). 



The f u t u r e  development of t h e  s e c t o r  will b e  based on products with 
reiative!:~ more vaiue aciaed and less energy requirements (i.e., a re ia t ive  
deci ine of intermediary products) .  

3-11. Ii5ning 

Figure 16. IEC and IIF f o r  mining 

IEC 
90 .  

Table 40. Energy coeff ic ients f o r  mining. 

For mining, E/IIP snows a stagnation of energy  efficiency (f igure 16),  
with t h e  degradat ion of E/KA due to a drop in t h e  value added content  of 
product ion (Table 41). 



The re la t ive  pr ices evolution at tenuates t he  decline of t h e  sec to r ,  but 
ESKA makes obvious the  nonexistence of energy savings, especially between 
1970 and 1979, although the  situation improves a f t e r  1979 (Tables 40 and 
41). 

Table 41. Economic indicators f o r  mining. 

Among t he  two sec to rs  tha t  have seen an  increase of Ef lA  , o n e  is mis- 
cellaneous, by definition a heterogeneous sec to r ,  with act ivi t ies having low 
energy requirements. Energy is not a major constraint of these  act ivi t ies, 
and t h e  move towards less energy-intensive techniques o r  products is  not  a 
character is t ic  of the i r  evolution; t h e  comparison with EWA shows t h e  s a m e  
resu l ts  (Tables 42 and 43). 

- - & -  -- - 

1 S h a r e  in industry's 
/ value added a t  
i constant pr ices (%) 
I 

j Share  in industry's 
I i value added at 
1 cu r ren t  p r i ces  (%) 

Table 42. Energy coefficients f o r  miscellaneous. 

- 

1979 1982 1 1970 
- 

2.00 1.18 0.99 

2.00 1 .31 

IiiA 1 100 86 

I ~ P  loo 110 

+ 
98 1 
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Table 43. Economic indicators f o r  misce!laneous. 

I I 1970 1979 1982 1 
*-- -- -- -- -- 
I S h a r e  in industry 's  I 

I 
value added aL 1 12.16 10.36 11.00 1 

1 constant  p r i ces  (%) I 
-- I 

r---- 
i S h a r e  in industry 's  1 
i value added at 12.16 9.22 9.99 i 

I I 1 c u r r e n t  p r i ces  (%) 

I 

IIP I 100 132 137 1 
I 

i T~WIIP 1.00 0.94 0.94 
I 



A t  th is  point,  one may have t he  feeiing tha t  t he  questions ra ised are 
oniy par t ly  answered. I t  has been seen t ha t  t h e  pa t te rn  of energy consump- 
tion in t he  French industry a l te red in t n e  1970s, but  mostly in 1979. After 
the  f i r s t  oil shock,  t h e r e  are two ways of viewing t ne  energy consumption: 
e i the r  one considers tha t  t he  decreasing t rend  of t he  energy coeff icient 
has  not acce lera ted,  o r  one considers t ha t  t h e  decrease in the  energy coef- 
f ic ients witn t he  decelerat ion in growth i s  a change re la t ive  to  t he  previous 
period. But a f t e r  1979, the  evolution of energy consumption is  d i f ferent  
from tha t  before .  A p a r t  of th is change, but not the  major pa r t ,  can b e  sim- 
ply expiained by t he  changes in t he  s t r uc tu re  of t he  French industry, a 
cnange onservable at t h e  level of disaggregation used he re ,  especially t he  
decl ine of heavy, energy-intensive act ivi t ies such as i ron and steel .  This 
phenomenon i s  not new, i t  can be  observed in o the r  countr ies as well and i t  
did not siart in the 1970s, although i t  w a s  boosted by t ne  cr is is .  But i t  has  
been shown too,  tha t  the  bulk of change in t h e  level of energy consumption 
re la ted t o  act ivi ty could not be simply reduced to  t he  decl ine of t he  indus- 
t r i e s  mentioned [ZO]. The main p a r t  of t h e  dec rease  of energy demand is 
due t o  a smalier input of energy f o r  t he  same amount of output. For  each 
branch (except  miscellaneous), t h e r e  i s  a "content effect", but i t s  level 
va r ies  great ly  according to  each branch.  

More than  simply a change in t h e  re la t ive  importance of each sec to r  in 
t he  tota l  industry, at Least a t  t h e  chosen  Level of d i s a g g r e g a t i o n ,  t he  rea l -  
ity of tne  dec rease  of industry's energy consumption is  a dec rease  of t h e  
energy content. This content ef fect  must not be mistaken f o r  an  "efficiency" 
o r  "energy conservation" effect.  I t  i s  only a n  economic e f fec t  and does not 
dea i  with t he  technical evolution of t h e  sec to r .  Indeed, f o r  at least  one sec- 
t o r  (cement), t n e r e  is  a n  increase of the  technical energy coefficient and a 
decrease  of t h e  energy content of value added. There is not one energy 
coefficient, but many, each one ref lect ing a di f ferent  real i ty .  Economic 
coefficients, such as EDA,  must not be mistairen f o r  t he  energy content of 
one unit of a definite product. The content e f fec t  i s  associated with t he  
ievel of disaggregation, a more disaggregated s t r uc tu re  of t he  industry 
wouid have given a l a r g e r  s t r uc tu re  effect. The estimation of what i s  th is  
dec rease  in content  is  extremely diff icult at t h e  level of a macroeconomic 
study l ike th is one. 

There are severa l  energy coefficients, each one with a di f ferent  mean- 
ing, s o  one must not mistake t h e  index of production f o r  value added o r  phy- 
sical indicators in o r d e r  t o  estimate an  energy coefficient whose decrease  
would give information on t he  energy conservation (o r  lack of) in some sec- 
to rs .  Most of t he  energy coefficients have only an  economic meaning, and 
cannot the re fo re  be used. to  estimate the  "energy conservation". 

-. l n e r e  are some "objective" technical explanations concerning t he  
be t t e r  efficiency of production equipment, o r  the shi f t  toward less 
"energy-intensive" prociucts, but  t h e  estimation of these e f fec ts  on energy 
consumption requ i res  a tecnnical study. The main explanation of t he  
dec rease  of tile demand l ies in t he  economic growth dynamics. The products 



and branches tha t  have t he  l a rge r  growth potential  do not requ i re  la rge  
amounts of energy,  and t he  content of growth is  much l igh ter  than before ,  
par t ly  because of a new pat tern  of accumulation around new technologies, 
and par t ly  because t h e r e  is a slowdown of act ivi t ies t ha t  were favored by 
t ne  par t icu lar  conditions of post-World War I1 growth (reconstruct ion in t he  
1950s, cheap energy in t h e  1960s, etc.).  Tie ef fec t  of these  changes on 
economic s t ruc tu res  are, nevertheless,  limited. When one examines t ie  
sha res  in value added at cu r ren t  pr ices,  t h e r e  is  no tremendous change, 
except  in a few sectors .  One must b e a r  in mind tha t  the  per iod considered 
h e r e  is  shor t ,  many of t h e  most promising act ivi t ies are not fully developed 
yet ,  and t h e  level of disaggregation is  inadequate t o  apprec ia te  t he  changes 
and t o  give a c l ea r  image of t h e  economic weight of some new act ivi t ies. 

Physical indicators are only avai lable f o r  a few sec to rs  and are not 
useful f o r  a structure study. A t  t he  level of tota l  industry, i t  i s  evident t ha t  
t h e r e  are energy savings, but t h e  contr ibut ion of each sec to r  t o  these  sav- 
ings cannot be  accurate ly  identified (see t h e  case of nonferrous metals). 
The dec rease  of the  energy content  of growth cannot be denied, but i t  has  
many aspects.  The study of energy coefficients, such as E D A  o r  E / P ,  is 
limited by t h e  fac t  t ha t  they rep resen t  a cer ta in  s t r uc tu re  of production 
(products, technology, pr ices,  etc.),  and t h e  dec rease  of t h e  energy content  
of growth i s  an  al terat ion of these s t ruc tu res .  Tie physical indicators, such 
as t.0.e. p e r  ton of steel ,  are oniy valid t o  a cer ta in  extent ,  s ince t h e  pro-  
ducts  change qualitatively over  time (steel  gets  th inner and s t ronger ,e tc ) ,  
and do  not have t he  same use e i ther .  I t  is  then diff icult t o  compare one unit 
of product  at di f ferent  per iods from t h e  point of view of growth and 
development, since t he i r  ro le  a l te rs .  The energy content  of a n  automobile of 
1970 is  not t h e  same as t ha t  of 1982, but t h e  automobile i s  not t h e  same 
e i ther .  W e  may r e s o r t  t o  t h e  function "individual means of t ransportat ion" 
and look at d i rec t  and indirect  energy inputs necessary t o  individual t ran-  
sportat ion.  One could t ake  examples f o r  a l l  types of industr ies, in part icu- 
iar those where t he  products  are changing fast .  Instead of considering t he  
final product  i tself ,  and obtaining a pseudo-engeenering ra t io ,  i t  may be  
possible t o  go f u r t he r  and consider t h e  "functions" themselves (individual 
o r  coi iect ive t ransportat ion,  communication, etc.). Ayres (quoted in [21]) 
proposes a "substitution ladder"  tha t  distinguishes severa l  levels of techno- 
logical change, Figure 17. 

The changes t ha t  occured a f t e r  t h e  oil shocks and t h e  cr is is  make 
re fe rence  t o  every  level of th is ladder,  which does not necessar i ly  mean 
t ha t  t h e r e  are causal l inks, but  t h e r e  are consequences f o r  energy demand. 

Another probiem is t h e  diffusion of energy savings. If one takes  again 
t he  example of an  automobile, t h e  energy needed f o r  t h e  fabr icat ion and use 
of a product  necessary f o r  individual t ransportat ion has  decreased,  pa r t l y  
because of t h e  weight of t h e  automobile. This loss of weight i s  made possible 
by t h e  replacement of steel with o t h e r  materials, such as plast ic  and alloys, 
and by t h e  f ac t  tha t  s tee l  shee ts  are becoming l ighter  [22]. The car indus- 
t r y  is  t h e  primary use r  of steel, and thus i t s  evolution will have conse- 
quences on t ha t  of t h e  s tee l  sector. This resu l ts  in a smaller production (in 
physical terms, at least)  and a re la t ive  decline of s tee l  and as a conse- 
quence a reduction of t h e  tota l  energy consumption of t h e  industry. At t h e  
siart of t he  causal chain of t he  dec rease  of consumption w a s  t he  dec rease  
of t h e  input of energy f o r  a product  (a dec rease  t ha t  is  wanted). The usual 



Figure 17. (Taken from [Zl]). 

The Substitution Ladder 

Level Brlef Description Examples 
(Rung) 

VII Shift in social or personal More consumer goods versus quality of life 
values or goals resulting in 
shift in demand 

VI Shift in strategy to Telecommunication versus personal travel 
achieve goals 

V Shift in techca l  means , Individual personal transport versus mass 
(i.e., system) to transport 
implement strategy 

IV Shift of subsystems. Internal combustion engine versus battery 
wlrhin a system (design powered vehicle 
change) 

I11 Shift in components Piston engine versus turbine engine 
(design change) 

I1 Shift in materials Aluminium versus cast iron for engine 
for specified component blocks 

I Shift in materials Ingot casting versus continuous strip 
processing technology casting of metals 

Source: Robcn U. Aymr modified) 

l inks between energy consumption and s t ruc tu ra l  change have been 
reversed.  

This is  t o  point out  t ha t  s t ruc tura l  change must be re la ted t o  changes 
in t he  deveiopment pa t te rn .  The 1970s have witnessed two major break- 
downs: t h e  conditions of energy .supply have been radical ly a l te red  (pr ice,  
secur i ty ,  etc. ) ;  t he  development pa t te rn  of t h e  past  decades is  in c r is is ,  a 
cr is is  t ha t  i s  not  confined t o  t he  industr ial  sec to r  . The conjunction of these  
two breakdowns has led t o  a change in t he  relat ions between energy and 
cievelopment. Tine cr is is  implies changes in technologies, products,  indus- 
t r i es ,  and "functions" as well, i.e., t he  components of t he  development pat- 
te rn .  To reest imate t h e  re lat ions ~ e t w e e n  energy and development, 2nd thus 
make a more accura te  estimation of t he  "energy savings" of each sec to r  o r  
subsector ,  it is  necessary t o  take  into account all t he  elements mentioned. 
For these reasons,  t he  study of t h e  s t ruc tu ra l  change in t he  French indus- 
t r y  re la ted t o  industry's energy consumption cannot answer all t h e  ques- 
tions t ha t  may come t o  mind when one looks at t h e  tremendous dec rease  of 
t he  "energy content of growth", and, what is more, t h e  changes in t h e  
energy consumption pa t te rn  of t he  industry are important only s ince 1979. 
Since da ta  is avzi labie only up t o  1982, i t  i s  not possibie t o  m a ~ e  definitive 
statements on t h e  basis of such a smali period. 



APPENDIX 

Description of t h e  s e c t o r s  studied. 

The disaggregation adopted in th is  p a p e r  is  t h e  one taken in [23] to 
give t h e  energy consumptions. I t  consists of 14  branches,  br ief  descr ipt ions 
of which a r e  given below. 

Mining:  includes ai l  mining act ivi t ies f o r  i ron  ore, lead, zinc, copper ,  
and o t h e r  metall ic o r e s ,  and minerais used in construct ion,  such as sand,  
c iay,  e tc .  

Nonferrous metals :  production of nonfer rous metals, such as lead,  
zinc, and cadmium, and t h e  metaliurgy of those metals. 

Elec t rometa l lu rgy :  metallurgy of aluminum ( f i rs t  and secondary smelt- 
ing) and i ron alloys. 

Metal Pr :?cessings:  a11 steel processings,  aluminum semi-finished 
products  ,and o t h e r  nonfer rous semi-finished products.  

- 

Machinery  a n d  e lect r ic  equ ipment :  smelting works. all machineries, 
e lec t r i c  and e lec t ron ic  equipments, a i r c ra f  ts, c a r s ,  naval construct ion. 

Cement, p las te r ,  a n d  l ime:  production of cement, p las te r ,  and lime. 

Other b u i l d i n g  ma te r ia l s :  production of conc re te ,  b r icks ,  t i le,  china, 
e t c .  

Glass :  all glass products.  

Chemicals:  mineral,  o rgan ic  and paracnemicais,  pharmaceuticais, syn- 
the t i c  r u b b e r .  

Text i le,  Leather, a n d  c lo th ing :  all tex t i le  and clothing act iv i t ies,  
including synthet ic  f ibers .  

Rubber: ail r u b b e r  production and processings,  e x c e ~ t  synthet ic  
r u b b e r .  



Paper  a n d  paperboard :  production of pulp, paper ,  and paperboard. 

Miscel laneous:  printing and publishing, piastic, wood products, toys, 
jeweiiery, etc.  

I r o n  a n d  steel :  production of steel  and f i rs t  stages of st.ee1 processing. 
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