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l I RODUCTIO

The industrial sector accounts for somewhat less

than 40 % of energy utilization in Sweden. This

share has declined during the past three decades ,

from 45 % in 1950, mainly as a result of a more

rapid expansion of other sectors of the economy,

particularly of the public sector and the private

service sectors, and of an increase in energy

usage in the household sector. Despi te industry I s

diminishing share of total energy usage, the ef­

feets of disturbances in energy supply or rising'

energy prices on economic growth and Sweden's com­

petitive position are largely determined in the

industria1 seetor.

In the f01lowing, we exarnine the deve10pment of

energy eonsumption and energy prices in Swedish

industries during the post-'war period. Our inten­

tion is not to explain the many faetors behind the

changes in energy eonsumption patterns, but merely

to deseribe the trends in energy use and faetor

prices during this period. No attempt has been

made to eorrect the rneasures of specific energy

use for either fluctuations in the business cycle

or temperature variations.

The underlying data have been obtained primarily

from Swedish Manufacturing Statistics and National

Accounts. These data have also been used in the

econbmetric studies presented in the following

chapter (The Demand for Energy in Swedish Manufac-

turing) , where a detailed description of data

sources and the construction of price and quantity

series can be found. The energy forms considered

are electricity, oil products and solid fuels
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(coal, coke and wood fuels). Only energy purchased

from outside the establishment is included.

Section 2 cancerns total Swedish manufacturing,

wi th the exception of energy-producing sectors. l

Trends in specific energy usage, fuel mix and

nominal and real energy prices are discussed.

These are cornpared with the inputs and prices of

other factors of production ..;.-. labour and capital.

Section 3 investigates the development of specific

total energy use and the use of electrici ty and

oil products in 12 subsectars of the manufacturing

industry. Finally, implicit energy prices and ag­

gregate energy price indices for the individual

sectars are compared in Section 4.

2 TOTAL ~CTURIRG

Industria1 energy usage increased an average of

4.3 % per year from 1950 to the mid 60's. The rate

of increase was similar for other sectars of the

economy, so that industry's share of total energy

uti1ization remained constant during the 15 year

period. From 1965 to 1970 energy demand in the

industrial sector increased less rapid1y than in

the rest of the economy, wi th a rate of growth of

4.1 % per year as compared to 4.8 % for the econo­

my as a whole. By 1970, industry's share of total

energy usage had decreased to 42 %. The decrease

in the' rate of growth continued inta the 1970' s.

From 1970 to 1973 the average year1y rate of

growth had declined to 1.4 %. After 1973, and the

l I.e. petroleum refining is excluded from ISIC
division 3.
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first energy crisis, the absolute level of energy

usage began to decrease.

The compositian of energy usage in the industrial

sector changed considerably during the after-war

period. The most obvious change has been a substi­

tution away from solid fue1s and a rapid increase

in the consumption of electricity and oi l prod­

ucts. The use of solid fuels decreased 25 % during

the 1950's and remained at the same leve1 for much

of the following two decades. Electricity consump­

tion increased steadily over the entire period,

al though the rate of growth declined from the mid

600s. During the period 1952-1965 electricity

usage rose by an average of 7 % per year, while

the average growth for 1965-75 decreased to slight­

ly less than one half this rate. The use of oil

products increased somewhat more rapidly than elec­

tricity during the 50's and early 60·8, at an

average rate of 8.4 % per year. Oi1 usage contin­

ued to increase on an average of 3.6 % per year up

until 1973, after which a sharp fall in consump­

tian is noted.

The increase in energy demand in Swedish manufac­

turing since the 1950' s is largely the resu1t of

an increase in manufacturing production. We find I

in fact, that for the larger part of the period

productian increased more rapidly than energy con­

sumption, suggesting a decrease in specific energy

use. During the period of the most rapid rise in

energy usage, i.e. the 50·s and early 60·s, output

increased by an average of 5.8 % per year. From

1965 to 1975 the average year1y growth in produc­

tian had declined to 3.7 % per year. By 1975 pro­

duction had begun to decrease, and continued to do

so for much of the later seventies.
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The development of the energy!output ratio in the

manufacturing industry for the period 1952-77 is

shown in Figure l. A decrease in specific energy

usage is evident for the entire period, with the

largest decrease occurring during the post-1970

period. Wi th respect to the various energy forms,

the general trend is towards a reduction in the

use of solid fuels and an increase in the specific

usage of oil and electricity.

During the 1950's, the specific use of electricity

and oil products rose considerably. This increase

was, however, more than compensated for by a' 50 %

decrease in the use of solid fuels o Oil consump­

tion per unit output increased at a slower rate

during the 60' s and by 1970 had begun to fall.

Between 1973 and 1974 specific oil usage fell

sharply in response to the exceptionally 1arge

price increases and shortages associated with the

first oil crisis. This down~ard trend appears to

have continued through 1975, after which the oill

output ratio remained more or less constant. A

somewhat different deve10pment is noted for elec­

tricity. After a rapid increase in the 50' s the

specific use of e1ectricity remained at a constant

leve1 during most of the 60' s. The early 70' s and

particularly the most recent years exhibit once

again a trend towards increasing electricity inten­

sity. This, however, may in part reflect the 10w

capacity utilisation associated with the post-1974

recession.

The observed development of specific energy use

can partially be explained in terms of changes in

relative energy prices. This can be seen in Table

l, which shows the price development of heavy fuel

oil, coal, motor gasoline and electricity for va­

rious subperiods, along with the corresponding de-
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e l a factor price

uf dur-ng. 1 50-1917

Annual percentage change

50-60 60-65 65-70 70-73 73-77 50-77

Heavy fuel oil

eoal

Motor gasoline

Electricitya

Energy price
index

Producers'
prices

Unit labour
costs

User cost b
of capital

-0.5

OeS

0.0

7.6

3.0

3.8

8.9

-0.5

0.0

0.8

1.0

-3 3

0.6

1.9

10.4

1.0

4.3

4.4

1.7

0.9

1.4

2.2

9.7

3.2

11.5

0.4

7.5

6.2

5.8

5.2

11.8

2.2

26.0 5.4

26.0 3.5

11.2 2.9

16.2 5.3

21.4 4.9

12.8 4.6

16.4 10.7

a Average price/kWh for a supply of 20-40 kV, 2 000 kW,
4 000 hrs (Vattenfall) plus electricity tax.

b The user cast of capital is .calculated
consideration taxes and subsidies. Thus the
tuatians.

taking
large

inta
fluc-

c To 1976. The large decline in the user cast of capi­
tal in 1976 reflects investment subsidies.

velopment of the prices of manufaeturing output,

labour and capital services. We see that the

priees of eoal and motor gasoline inereased slight­

ly up until the mid 60 I S, while the nominal priee

of fuel oil fell somewhat. Although the relative

priees of oil and eoal changed only marginally,

the relatively high labour requirements in the

handling of solid fuels in combination with rapid-

ly rising wages tended to aeeentuate this price

differenee. As shown in the figure, this period is

eharaeterized by the eontinued substitution of oil

for solid fuels.
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After 1965, the nominal prices of both of these

fuels began to rise, with the most dramatic in­

crease occurring a.fter 1973. It can also be noted

that the price of coal clasely followed that of

oil during the larger part of the period. The

comparatively small price inceases for motor gaso­

line, particularly after 1973, can be explained by

the fact that gasoline ta.xes and refining costs

account for a large proportion of the price to

consumers. The effect of crude oil price increases

has therefore been of less significance than for

other oil products.

The price of electricity, however, shows qui te a

different development: a considerable rise during

the 50' s was followed by a sharp fall in the early

60's. After the mid 60's, the nominal price began

to rise gradually. The price development of elec­

tricity relative to fuels reached a turning point

in the early 60's, after which relative electrici­

ty prices began a downward trend, the price gap

between electricity and fuels widening substantial­

ly during the 70 I s. The reduction in oil and in­

crease in electricity usage noted for this period

may weIl reflect these relative price changes.

The development of the energy price index in manu­

facturing is also shown in Table l. l We see that

aggregate energy prices fall only slightly in rela­

tion to the producers ' price index during most of

the pre-1973 period. This is explained by the fact

that the falling real fuel prices of the 50's were

counterbalanced by rising real electricity prices.

After 1973, howev~r, a significant increase in

real energy prices is evident.

l The energy price index is calculated as a cost­
share weighted average of the prices of electrici­
ty, oil products and, solid fuels.
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The general tendency towards falling specific

energy use cannot, therefore, be explained in

terms of these relative price changes, nor can the

rapid increase in electricity use during the 50's.

Energy is, however, only one of many inputs in the

production process. Changes in energy utilisation

patterns may also reflect a substitution between

energy and other factors of production. As is

evident from Table l, labour costs have risen far

more rapidly than the prices of both energy and

capitaIover the period as a whole. Only after

1973 do oil and aggregate energy prices increase

more rapidly, while electricity prices rise less

rapidly throughout. Considering these changes in

relative factor prices, one could expect a trend

towards decreasing labour intensity and an in­

crease in the relative use of energy and capital.

To explore the development in factor use, the

inputs of labour, capital and energy per unit

output are shown in Figure 2. It is apparent· that

the decline in specific energy use during this

period is rather minimal in comparison to the

dramatic fall in labour intensity. Energy and capi­

tal, on the other hand, follow very much the same

path up until 1970, after which the continuing

decline in specific energy usage is coupled with

an increasing capital intensity. An ongoing rise

in the capital/labour and energy/labour ratio is

apparent, particularly from 1950-73, which is

clearly a reflection of the continuous substi­

tution of capital and energy for labour in produc­

tion. The availability of relatively cheap energy

has led to the introduction of less labour-inten­

sive capital equipment.

Further, we note

labour and energy

that the inputs of capital,

increased at a s lower rate than
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annual reports 1952-1977.
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output during the 50's and 60's. Technological

development has thus led to an increased efficien­

cy in the use of all production factors~

After 1973 the developrnent is somewhat different.

Specific energy use fell more rapidly than the

labour /output ratio, while production appears to

have become more capital intensive. These observa-.

tions, and particularly the noted rise in the

capital/output ratio must, however, be interpreted

with caution. The period after 1973 is one of

economic recession. Manufacturing output decreased

between 1974 and 1977, and plants have not been

operating at full capacity. Long-run changes in

factor usage at full capacity utilisation

are most certainly quite different from those ob­

served here.

3 EHERGY USAGE MAJm!~ACTURIRGSUBSECTORS

The noted decline in the energy/output ratio in

manufacturing reflects not only an increased effi­

ciency in energy usage but also the changing compo­

sition of manufacturing output. During the 50's

and 60's energy-intensive industries, such as pri­

mary metals, pulp and paper f chemicals and rubber

products, increased their shares of manufacturing

output as did the less energy-intensive. engi­

neering industry. During the 1970's, however, pro­

duction grew less rapid1y in the energy-intensive

sectors than in total manufacturing. The relative

decline of these industries in manufacturing pro­

duction has played a major role in the observed

decrease in specific energy usage after 1973. 1

l Östb10m (1980, 1981).
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According to a recent studyl of the factors influ­

encing energy usage in Sweden, approximately 1/3

of the reduction. in specific energy usage in the

prod~ction system2 from 1973 to 1980 can be attri­

buted to structural ch.ange. For the manufacturing

sector alone, the influence of structural change

accounts for 1/4 of the observed decrease in

energy intensity.3

In order to distinguish between the influences of

cha~ges in product composition and changes in spe­

cific energy usage it is essential to study the

development of energyjoutput ratios on a more dis­

aggregated level. In the following we shall exam­

ine 12 subsectors of the manufacturing industry.4

The specific ene-rgy usage - subdivided inta elec­

tricity and petroleum products is calculated

for each sector for ·th·e period 1965-1977 and dis­

played graphically in Figures 3 and 4. All series

are normalised to l in 1965. It should be held in

mind that the measure of specific energy usage

reflects a combination of many divergent factors:

both long- and short-term changes in energy utili­

sation as weIl as differences in capacity utilisa­

tian and clirnatic conditions over the period.

Before we examine these figures a few comments

shauld be made concerning the development of speci­

fic energy use prior to 1965. During this period,

Sohlman, Stillerud and Östblom (1982).

2 Besides manufacturing, this includes mining,
agriculture, fishing, forestry, transport and com­
munication, commerce, utilities, private services
and construction.

3 Calculated from the figures given in Sohlman et
al.

4 Only the sector miscellaneous manufacturing is
excluded.
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the energy/output ratio rose appreciably only in 3

sectors: Printing, chemicals and shipbuilding. A

rapid replacement of solid fuels with oil products

is also apparent in all industries, as is a signi­

ficant increase in specific electricity use

brought about by the rapidly increasing mechaniza­

tion of production. Further, all industries dis­

play a continually increasing capital/labour and

energy/labour ratio weIl into the 1970's.

Total energy usage (electricity, petroleum prod­

ucts and solid fuels) per unit output is shown in

Figure 3 for the 12 manufacturing subsectors. l A

downward trend in specific energy usage is discern­

ible in the majority of industries. Only in the

printing industry do we find an increasing energy

intensity over the entire period. In the food

industries, the large fluctuations make it impos­

sible to distinguish any long-term changes in spe­

cific energy usage.

Of the remaining industries, all, with the excep­

tion of rubber products, exhibit a clear reduction

in energy intensity during the period prior to

1974. The most significant decreases have occurred

in chemicals, engineering, textiles and shipbuild­

inge Of the most energy intensive sectors, only

wood, pulp and paper shows a decline in specific

use of much less than 10 % during this period.

This has to do mainly wi th our aggregation of two

vastly different sectors: The energy intensive

pulp and paper industry and the low-energy, wood

qnd wood product industry. Disaggregating these

two sectors, Sohlman-Stillerud-Östblom find a 7 %

decline in the energy/output ratio in the pulp and

l Electricity and fuels produced and used at the
same plant are not included.
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paper industry and a 35 % increase for wood and

wood products over the period 1965-1973.

The development after 1973 is somewhat more diffi­

cult' to interpret. In all sectors, with the excep­

tion of primary metaIs, the specific energy usage

fell rapidly during 1974 and 75. After 1975, how­

ever, we find a tendency towards increasing energy

usage in many subsectors. The most notable excep­

tions are 4 of' the 5 most energy intensive sec­

tors: non-metallic mineral products, wood, pulp

and paper, chemicals, and rubber products. As

noted earlier, the apparent increase in energy

intensity may, in fact, reflect the low capacity

utilisation of the post-1974 period.

The specific use of electricity and petroleum prod­

ucts in the twelve subsectors is shown in Figure

4. Regarding petroleum products we find agradual

decline from 1965 to 1973 in over half of the

subsectors, and a significant increase anly in the

printing industry. During the two years following

1973, a considerable reduction in oil usage is

apparent in all sectors. After 1975, the tendency

is similar to that found for total energy, i.e. a

trend towards increasing specific use in a number

of industries. All but 3 of the subsectors, how­

ever, have a lower specific oil use 1977 than

1973. From· these resu1ts, it would appear that the

events of 1973-74 have had a 1ohg-term effect on

oi1 usage. It is, of course, impossible to draw

any defini te conc1usions regarding the effects of

the 1974 oi1 price increases on the basis of the

data presented here. The observations after 1974

are too few and the inf1uence of differences in

capacity utilisation and climatic conditions have

not been taken into consideration.
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As mentioned previous ly, the increased mechaniza­

tion of industry has resulted in a steady increase

in electricity consumption in all sectors during

the 50 I S and early 60 I s. We see that this trend

towards rising electricity intensity has continued

in the majority of subsectors during at least some

part of the post-1965 period. The only exception

is the chemical industry in which a sharp and

more-or-less continuous downward trend is evident.

Between 1965 and 1973 we find that specific elec­

tricity use increased markedly in 6 of the re­

maining Il subsectors. Most of these are indus­

tries with relatively low energy intensity. After

1973, however, the electricity/output ratio rose

substantially in all 11 industries.

Al though this appears to suggest a tendency to­

wards increasing electricity intensity, it may

also to some extent be a reflection of under ca­

pacity utiiisation. As noted earlier, the price of

electric power relative to oil products fell some­

what during the 60 I S and considerably after 1973.

The general trend towards increasing electricity

and decreasing oil use seems to reflect these

relative price changes.

SUBS RS

In Section 2 we traced the development of average

fuel and electricity prices to industrial consum­

ers and the aggregate energy price index in manu­

facturing. The individual subsectors of the manu­

facturing industry have, however, faced slightly

different price trends. As we have seen, the

prices of individual energy forms have not necessa-
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riIy followed the same path·s. After 1965, the

priees of electrieity and motor fuels I for exam­

pIe, increased less rapidly than cQal and consider­

ably less than fue1 oil. Thus, the development of

the . I price of energy I f<;>r a particular industry

depends large ly on the compos i tion of i ts energy

eonsumption. As the relative use of electricity

and fue1s varies greatly among industries, we

would expect significant differences in aggregate

energy price development.

In the following, we shall investigate energy

prices in manufacturing subsectors. These are ca1­

culated from yearly data on expenditures for and

quantities of energy eonsumed in the various indus­

tries. The energy forms included are eIectricity,

motor fuels, fuel oils, gas oil, eoal, eoke and

wood fuels. Electricity and fuels produeed and

used at the same plant are exeluded from the data

The effeet of the omission of these fuels on aggre­

gate energy prices is most serious in the pulp and

pape.r industry, where internal supplies of wood

fuels eonstitute an important energy souree.

The average annua1 pereentage ehange in the energy

priee index, and the prices of petroleum products,

heavy fuel oil and eleetricity for the period

1968-1975 are shown in Table 2.

Aggregate energy price indices for each sector are

calculated as eost-share weighted average of the

implicit prices of electricity, petroleum products

and solid fuels. On average we find that the priee

of energy .in.cr.eased at a .rate of 10 % per annum

during this period. There are, however, marked

variations among the subsectors. Energy prices

rose more substantia11y in the energy-intensive

industries, at an average rate of 12.4 % per annum
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le 2 rgy prices in 'lIIiUluf cturing sobsectors an
average ann 1 perce tage change. 1968-1975

Petro- . Heavy fuel olla Electrlclty
Energy leum

SEK/m3 Price öre/kWhprice prod- Price

index uctsa % %

% % 1968 1975 change 1968 1975 change

Energy-intensive
sectors

Pulp and paper 12.3b 20.1 b
80 333 2207 3.0 5.8 9.9

Chemicals 10.8 16.3 84 340 22.2 ·3.4 6.1 8.4

Non-metallic
mineral products 13.1 17.0 88 348 21.7 5.4 9.0 7.6

Primary metals 13.3 19.8 88 344 21.6 3.3 5.9 8.7

Average 1204 1803 85 341 2201 3.8 6.7 8.7

Other sectors

Sheltered food 8.5 9.4 6.7 10.7 6.9

97 348 20.1
Import-competing
food 9.5 13.4 7.6 11.3 5.8

Beverages and
tobacco 7.9 9.1 107 359 18.9 7.8 10.9 4.9

Textiles 10.0 15.3 95 364 21.2 7.8 11.9 6.2 ~~...

Wood products 101 337 1R.7 7.7 11.3 5.6

Printing 7.3 11.0 107 396 20.6 8.7 12.1 4.7

Rubber products 10.4 16.8 95 343 20.2 6.4 10.2 6.7

Engineering 8.4 13.9 94 363 21.2 7.0 10.2 5.5

Shipbuilding 8.0 15.4 94 360 21.1 7.5 10.3 4.6

Average 8.8 13.0 99 359 20.3 7.5 1100 5.7

a Excluding energy tax.

b industry.Includes wood product
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as compared to less than 9 % in other sectors. Of

the high-energy sectors, the chemical industry has

experienced the smallest price-rise, mainly as a

result of the large proportion of electricity

usage in this sector.

The differences in the development of energy

prices are explained not only by differences in

electricity intensity, but also by the composition

of fuel ~sage. This can be seen by comparing the

price development of petroleum products for the

subsectors. Again, we find that prices increased

more rapidly in the energy intensive sectors than

in others, 18 % per year as opposed to 13 %. This

discrepancy is explained mainly by the relatively

high proportion of motor fuels in the less energy­

intensive industries. As seen in Section 3, the

price of these fuels increased considerably less

than that of heavy fuel oil.

Implicit prices for heavy fuel oil (No. 4) in the

different industries for the years 1968 and 1975

are also shown in Table 2. We find considerable

differences in average prices, particularly for

1968. The lowest prices are noted for the largest

consumers, the energy intensive industries. On

average we find a price reduction of 14 %. In

conjunction with the dramatic oil price increases

of 1973-74 and thereafter the prices tend to con­

verge. In 1975 we find the large consumers still

paying less, but only 5 % less on average.

The differences in prices reflect price reductions

to large consumers, for example, in the form of

long-term contractsi or even the possibility for

these consumers to purchase oil- when prices are

most advantageous. The rising uncertainties on the

oil market since the 1st major OPEC crude oil
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price increase ought to have led to shortened

contract 1engths as weIl as reduced the signifi­

cance of rebates to large consumers. In any event,

the result appears to have been that large consum­

ers have experienced a somewhat higher than aver­

age percentage price increase.

Finally, average electricity prices for 1968 and

1975 and the average annual percentage change

during this period are given in the last three

columns of the table. For both years vIe find that

electricity prices ·vary considerably amongst indus­

tries These ·price variations are primari1y ex­

plained by differences in supply voltage. Also,

because electricity' tariffs are composed of a

fixed charge and a kWh charge, the averag-e price

per kWh decreaseswith increasing consumption.

Energy-intensive industries such as primary

metals, pulp and paper etc. generally purchase

electric power at 130 kV, whereas srna1ler consum­

ers printing, textiles and most less energy­

intensive industries - contract at a lower volt-

age, i .. e .. 6-40 kV. In 1968, the average price for

a large industrial consumer . (130 kV, la 000 k~v,

5 000 hrs) was about 4:öre/kWh and for a small

consumer (la kV, 500 kW, 3 000 hrs) was slightly

less than twice this .. l

We note also that average electricity prices in­

creased more rapidly for energy-intensive sectors

than for others. This, too, corresponds quite weIl

to the average annual price changes 1968-75 of

9 .. 6 % and 6.1 % for the large and small industrial

consumers aboveo Changes in e1ectricity tariffs

and the introduction of the fue1 price supplement

l Vattenfall.
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have led to a price increase of approximately 4

öre/kWh for both types of consumer during this

periode The result has thus been a proportionally

higher price increase for large consumers with

lower average prices.

In conclusion, it appears evident that the energy

price increases of the mid 70's have been a double

burden for energy-intensive industries. The impact

on production costs has been greater for these

industries not only because of their relatively

high energy dependence, but also because of a

diminishing price advantage on energy marketso
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