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PREFACE

Energy Use in Sweden: An International Per-

spective analyzes the evolution of energy use in Sweden Acknowledgments
since the early 1970s. The purpose of the study, which is We wish to thank many colleagues here at the
sponsored by NUTEK, Department of Energy Efficiency, Lawrence Berkeley Laboratory for their assistance in
the Swedish Agency for Technical and Industrial preparing the report Charles Campbell, Claudia Schein-

- Development, is to shed light on the future path of baum, and Maria Josefina Figueroa, who prepared data
energy use in Sweden by quantifying and understand- and provided assistance with graphics, and Karen H.
ing changes in past energy use. Olson, our publications coordinator. We also ack-

• Energy efficiency has been identified by Swedish nowledge the hospitality and support of the Stockholm

authorities in countless official studies as a key element Environment Institute, with which this report's senior
in Sweden's efforts to restrain oil imports, reduce reli- author is affiliated.
ance on nuclear power, reduce environmental impacts of Equally important was the tireless involvement of

energy use, and reduce CO2 emissions. To understand our partner from NUTEK, Anders Lewald, and his chief,
the role or performance of energy efficierlcy in the 1970s Hans Nilsson. We also offer thanks to the officials of

and 1980s in Sweden, and what this performance means key agencies in Sweden who also contributed their time:
about the future, we seek answers to three broad ques-
tions: • Urban AspS, Hans Berglund, and Gunnar Arvidsson

of S tatistiska Centralbyr_n , Statistics Sweden (SCB);

• How has the structure and efficiency of energy use in
Sweden evolved since the early 1970s, and where data • Stefan Komerud, B_Sm Carl6n, Sofia Gonera, and
permit, since even earlier? What caused these changes? Becky Petsala of NUTEK's Forecast Division, who pro-

vide much data during early stages of this work;
• How does the structure of energy use in Sweden differ
from that of other countries, and how has the evolution • Lars-G6ran Carlsson of PREDECO, who provided

of energy use in Sweden differed from developments in important data;
other countries?

• Henrik Swahn, Heru-ik J_msson, Rickard Wall, and oth-

• How much energy has Sweden saved, and why? Are ers of V_g- och Trafik- Institutet (VT/), who provided
these savings permanent? To what extent were they many helpful comments on the sections dealing with
offset by changes in the structure of energy use? And to transportation;
what extent is the magnitude of these savings depen-
dent upon the way we measure energy use? • Gunnar Eriksson of Nordplan, currently on leave at

Lawrence Berkeley Laboratory, who provided much
Our report reviews the long-term evolution of

needed input to our analysis of trends in transportation;
Swedish energy use, focusing on developments in five

sectors of the economy: residential, service, industrial • Jakob Wajsman of Statens J_nvfiger, the State Rail-
(manufacturing and "other industry" defined as mining, ways, who also provided valuable comments on tran-
agriculture, forestry and fisheries, and construction), sportation.

travel, and freight. We then examine Swedish energy We also thank the many members of our reference
use in a broader perspective, drawing detailed com-
parisons to other nations. Finally, we discuss a series of group who attended a series of meetings and presenta-
issues that hover over the future of energy demand in tions throughout 1992 and early 1993.
Sweden: Will energy savings in Sweden persist? Will
changes in the lifestyles of Swedes offset or reinforce

energy savings? Can the momentum of energy savings
be maintained?
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Energy Use in Sweden: An International Perspective

EXECUTIVE SUMMARY The shift towards slightly more energy-intensive

In 1990, NUTEK's Department of Energy production in Swedish industry also occurred in France

EJficiency (then Statens Energiverk) asked the and above all in Norway, in strong contrast to the
International Energy Studies (!ES)Group at the decline in the role of heavy industry in W. Germany,

" Lawrence Berkeley Laboratory in California1 to Japan, and the U.S. The increase in energy use led by
analyze trends in the structure and efficiency of changes in consumers' lifestyles---home comforts and

energy use in Swed_ since 1970 and compare travel---occurred in most other OECD countries as well.
• them with those in other countries. Work was Three factors "caused" the improvements in

carried out with assistance from Statistiska energy efficiency in Sweden. Higher fuel prices were

CentralbyrSm and leading authorities on the most important cause, as can be seen by the
manufacturing, transportation, housing, and increases that occurred in the efficiency of oil use or sub-
energy. The study, which took one year to corn- stitution away from oil towards electricity or biomass in
pIete, analyzed virtually all existing officialand buildings and industry. Where prices changed less
unofficial data on the structure of Sweden's dramatically (electricity) or where price changes
energy-economy, building on previous IES stu- reversed (gasoline), savings were less dramatic. Long-

dies of Sweden and other countries. Our results term technological change that was already causing
are summarized below, energy savings before the first oil crises of 1973 contin-

ued to contribute to energy saving in industry and heatBetween 1973 and 1989, improved energy
efficiency saved 24%of Swedish final energy use and 8% savings in homes and buildings. The two most impor-
of Sweden's energy use if the losses for making electri- tant policies underlying these long-term improvements

were Sweden's open industrial policy oriented towardscity and district heat axe counted. These savings were
concentrated in the manufacturing and household sec- exports and unique policies for housing and buildings,
tots, but important savings also occurred in air travel which needed little change after 1973 in order to con-
and the heating of commercial buildings. Savings in tinue their contributions to energy efficiency. Energy-
auto travel were small and savings for trucks were nega- saving policies in place between 1973 and 1985, which
five. Since the crash in the price of oil in 1986 the rate of were focused principally on heating and oil savings,
savings has slowed markedly, consistent with trends in were effective but overall had a smaller effect that the
other major industrialized countries. Changes in the first two "causes" of improved efficiency. Lack of good
mix of goods produced by Swedish manufacturing data about energy use in Sweden in the 1970shampered
increased energy use o_y slightly, but changes in how the effectiveness of energy saving policies _mewhat,
consumers lived increased energy use significantly, but the system has improved considerably, although

How do these results compare with those in other major gaps still remain, mainly in transportation.
countries? IES analyzed developments in Denmark, the In the beginning of the 1990s: Sweden exhibits one

of the most energy-intensive economic structures in theU.S., W. Germany, Japan, and Norway over the same
time period. We found that Sweden placed fifth in OECD (after the U.S. and Canada). Sweden maintains a
energy savings, ahead of Norway but well behind the slight edge in efficiency of space heating and trucking,
other countries. The reasons included the relatively shows average performance for industry and electric
efficient starting point for Swedish buildings in 1973 appliances, but has one of the most fuel-intensive auto
(which are still the most effectively heated in the OECD) fleets in Europe. Important new developments may
and the enormous increase in the use of low-cost electri- change these rankings in the future, however. First,

" city use (in place of oil). devaluation and new taxation policies, including so-
called "green taxes', promise to raise the price of oil

significantly. Second, a variety of programs to stimulate
, I The Lawrence Berkeley Laboratory is a federally-owned facii- improvements in electricity use, particularly Teknikup-

ity operated by the Uruversity of California, and has had nine No- phandling and VattenfaU's Uppdrag, have the potential tobel Laureates. The present work was carried out under contract to
NUTEK, with indirect support from the Stockholm Environment aff_"t electricity efficiency dramatically in the coming
Institute. Similar efforts were carried out for the Danish and decade. Finally, the current fiscal crisis may force
Norwegian governments. The full study, by Schipper, F. Johnson, authorities to wind down some traditions that have
IL Howarth, B. G. Andersson, B. E. Andersson (both of
Handelsh_gskolan, Stockholm), and L Price, is available from NU- boosted energy use, such as company car tax subsidies,

rEKorIF..5. subsidies for commuting to work, and housing subsi-
dies.
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Environmental and climate concerns now drive products, and indeed the lifestyles of the Swedes. As
much energy policy, but many other forces control the outsiders, we only point out that these choices may be as
overall level of economic activity:. What is made, how it important as energy-efficient technologies in determin-
is made, and how it is consumed in Sweden. In this ing future energy use in Sweden and the future level of

respect, Sweden faces many dilemmas: the future of pollution as well. Above all, public and private authori-
nuclear power, the future of subsidies for housing and ties in Sweden need to redouble their efforts to quantify

travel, the choice to clean up further emissions from the link between their choices and the resulting changes .
industry in Sweden or industries across the Baltic, pric- in economic activity, energy use, and pollution, lest they
ing and taxation policies for fuels and electricity, the role make the fight choices but get the wrong results!
of Sweden's energy-intensive exports of paper and steel

e-2



1.INTRODUCTION electricity-intensivechemicalssuchaschlorine.

The purposeofthestudy,whichissponsoredby The Swedishdebateovernuclearpower and oil

NUTEK, DepartmentofEnergyEfficiency,theSwedish ragedon throughthe1970sand continuedwellafterthe

Agency forTechnicaland IndustrialDevelopment,isto secondoilshock.The accidentatThree MileIsland

shedlighton thefuturepathofenergyuseinSwedenby renewed concernsovernuclearpower,leadingtothe

quantifyingand understandingchangesinpastenergy 1980NuclearReferendum.Farfrom puttingtheissue

. use.Inparticular,ourgoalistoquantifytheimpacton aside,thedecisionin1980tophaseoutnuclearpowerm

energyuse ofimprovementsinenergyefficiencyand maybe--rekindledarashofelectridty-savutgstudies,as

otherchangesinthestructureofenergyuseafter1973. oilsavingconcernsfadedastherealpriceofoilcontin-

• Where Possible, we identify the causes of these"changes, ued to fall. The crash in the price of oil in early 1986
AftercomparingSweden'sperformancewiththatof would have dissolvedremaininginterestcompletely,

othercountries,we discussimplicationsofourfindings had nottheaccidentatChernobylonceagainfanned

forfutureenergyuseand policiesinSweden. publicopinioninSweden againstnuclearpower.After

anotherround ofstudiesillustratingthePotentialsfor
1.1. Background saving electricity, Sweden embarked anew on a major

Twenty years ago, Swedish policy makers and the conservation campaign.
public at large were confronted by unwelcome and In the 1990% the "energy problem" has been

unanticipated increases in oil prices. While world oil refined further in light of concerns over the relationship
markets previously had been marked by relative stabil- between energy use and environmental degradation.
ity, the Arab oil embargo of 1973 sent fossil fuel prices to Fossil fuels are recognized as a major source of urban air

record highs.In 1979,oilpricesjumped onceagain, pollutionand contributorto the aciddepositionthat

spurred by the Iranian Revolution and ensuing Iran-Iraq threatens terrestrial and aquatic ecosystems in Northern
War. The impacts of these events on the Swedish econ- Europe and Scandinavia. Perhaps most importantly,
omy should not be underestimated, carboniferous fuels such as coal, oil, and natural gas

Sweden was particularly vulnerable to the oil have been linked to the greenhouse effect, which
price shocks of the 1970s because the nation depended threatens to bring about highly uncertain but potentially
so highly on imported oiltoprovide the bulk of fuel for devastating changes in the earth's climate.

homes, buildings, and manufa_g (see Figure I-1). The energy-saving successes of the 1970s and

Also Sweden's export-oriented industry was critically 1980s had both positive and negative impacts on the
dependentuponenergy-intensivemetalsand paperFro- environment.Certainly,enhanced energy efficiency

ducts for both direct exports and as inputs to finished reduced the environmental burdens associated with

goods. Lastly, the oil crisis occurred just as Sweden was energy use. Increased reliance on nuclear power, how-
begirming to question the role nuclear power would ever, furthered the challenges to future Swedish energy
play in its electricity system, which up until the 1970s policy: How could Sweden turn off nuclear power yet
was based almost entirely on hydroelectric power. In reduce the problems associated with burning fossil fuels
fact, the first oil crises occurred as oil-fired capacity for at the same time, particularly if carbon-laden fuels
electric power and combined district heat and power would have to substitute directly or indirectly for some
was starting to spread. Thus the first oil crisis struck of the nuclear power?

Sweden when attention was already focusing on energy Whatever the answer, it is dear that any proposals
problems, to modify future energy supplies in Sweden will depend

Not surprisingly, the energy shocks garnered the on the evolution of energy demand. Indeed, Swedish
attention of public and private authorities on the both energy policies recognized the importance of under-
the conflicts and complementarities of these issues. On standing the demand side in the 1960s, a time when little

the one hand, higher oil prices could spark a wave of was known---or asked--about the intricacies of energy
efficiency improvements that might _fect all energy use; demand in most other countries' energy-policy circles.

. on the other hand, electricity from nuclear Power offered Yet in many ways the analyses of Swedish energy
both an alternative to expansion of oil-fired capacity, demand connected to these policies was sometimes

and to a significant extent, a direct alternative to oilfor deficient, lacking both critical data and a historical per-
both space or water heating in homes and buildings, spective balanced among all major consuming sectors.

Additionally, electricity could offer an indirect altema- For example, the 1967 report, Sveriges
tire to oil by stimulating growth in electro-processes, Energi_o'rsb'rjning(EK 1967), could not disaggregate fuel

such as thermo-mechanical pulping or electro-steel, or consumption by major modes of transportation. Yet the
by Permitting a shift in chemicals output towards same study showed a remarkable sensitivity to the
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breakdown of household energy use by home type, fuel, countries;

and heating system. By contrast, the 1974 report, Energ/ • Comment on causes of change, the short- or long- term1985 2000 (EPU 1974) was rich in the details of _e 1970
nature of these changes, and whether such changesstructure of energy use in transportation, but lost much

of detail in the residential sector. Yet energy efficiency might reverse in the near future;

polldes developed in the wake of EPU focused so much • Address the apparent slow-down in the improvement
on saving oil from space heating. The lack of informa- of energy-use efficiency in Sweden;
tion on the structureand energy use in hea ringhad wide

• Comment on implications the findings have for futurerepercussions, since it was difficult to measure the
energy use patterns in Sweden.impact of energy efficiency improvements, or the suc-

cess of policies, aimed at particular sectors or uses. Only We examine the major uses of energy in five end- "
in 1978 did a new bill aim at improving energy use sectors in detail, and in a sixth sector (agriculture,
efficiency in buildings with a clearly stated quantitative mining, and construction) briefly. We also note impor-
goal of a certain reduction in energy use in buildings rant developments in the energy sector itself.
built before 1978. Successive energy policy documents
focused on different sectors, yet there was never a 1.2.1. Definitions, Conventions

comprehensive review of trends in the structure of In this study, activ/ty (also called volume or output
energy use in all sectors covering the entire period of in our other work) represents the gross measure of out-
turmoil from 1973 onward, put in each sector, the population, or the total level of

passenger or freight transportation. Structure refers to

1.2. Goals and Scope of This Study the mix of activities for which energy is used. Energy
This report reviews the long-term evolution of intensity measures energy consumed per unit of activity.

Swedish energy use, focusing on developments in five Intensity may be measured as an aggregate across one or
sectors of the economy: residential, service, industrial many sectors or be narrowly defined as the ratio of a use

(manufacturing and other industry), travel, and freight, of a single fuel to a measure of activity for a single put-
Although we had intended to start our analysis in 1960, pose. Efficiency, properly defined, is the ratio of activity
lack of data constrained our ability to construct a to energy use. Energy conservat/on in its broadest sense

detailed history of the nation's energy use prior to the means the act of decreasing energy intensities or increas-
1970s. We examine trends in both the activities that ing energy efficiendes. With respect to the energy sec-

drive energy use and their corresponding energy uses, tor, we adopt the convention of considering primary fuel
seeking to understand not only the technical efficiency inputs to electricity production by counting hydropower
of energy utilization but also the human context in at 85%, nuclear power at 34%and other fuels such as oil

wl_ch energy is used. and gas at 40%. The SCB energy balances use similar
conventions in reporting the fuel content of electricityThis report also examines Swedish energy use in a
inputs.broader perspective, drawing detailed comparisons to

developments in other nations. First we compare energy In this study, we report on energy use using three
use in Sweden to that in other OECD countries (Den- methods of accounting:

mark, Norway, Italy, France, the U.K., West Germany, • Delivered energy (slutliga anv_ndning, k_pt energi, brut-
Japan and the U.S.) on a sectoral basis. Then we assess toenergi, osv), the energy delivered to a building, factory,
Sweden's overall standing among five of these countries or fuel tank aria converted ultimately to heat, light,

(Norway, Denmark, West Germany, Japan and the U.S.) motion, and other energy services. No accounting of
in terms of sectoral activity levels, the structure of losses in transformation is made.
energy use, and energy intensities.

With this in mind, the specific goals of this study • Useful energy (nettoenergn),defined as delivered energy
minus the losses in combustion in boilers. Thisare to:
definition is used to estimate the heat provided in space-

• Quantify the development of energy use and its under- and water-heating and cooking applications. In this .
lying structural determinants; report, we assume that the efficiency of conversion of "

• Quantify components of changes in energy-use that gases and liquids is 66%, solids 55%, and electricity and
district heat 100%. This el_tes most of the apparentoccurred between 1970 and 1990: sectoral activity, sec-
conservation that occurs solely because of fuel substitu-toral structure, the intensities of individual energy uses,

and fuel switching; tion. C.arlsson, of PREDECO, (1992) presents a more
detailed analysis with somewhat different coefficients

• Compare these findings with those from other major that vary over time. Useful energy is employed when

1-2
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significant substitution of energy sources with few local years. Figure I-5 shows the shares of fuels meeting the
transformation losses, Le., electricity or district heat, are final demands studied in this work. Here the losses are

substituted for fossil fuels, counted as an aggregate. Additionally, there is a resi-
dual calculated as the difference between the final

• Primary energy, (pr/rruirenergi)represents the delivered
demand sectors we have constructed sector by sector,

energy consumed plus the losses in transformation and
and the final demand as listed by SCB in the official

distribution of district heating and electric power, but
" not other losses from the energy sector (which tend to be energy balances.

much smaller). The primary energyfigures referred to in the 1.2.2. The Main Data Sources
sectoral analysis in each chapter count nuclear and

• hydroelectric power at their "thermal" equivalents in common While a full accounting of our data sources and
with OECD practice, as discussed in the yearly energy hal- derivations will be provided in a set of appendices, we
ances published _" Statistiska Centralbyr_n (SCB) (Statistics will describe key data sources in the section summariz-
Sweden). ing each sector. Wherever practical we rely on data

There axe many conventions we adopt that permit from SCB. The sources are both publications and, where
noted, special tabulations of data provided by SCB in

a more ready comparison of Sweden with other coun- --
Stockholm or in Orebro (Sahlberg 1992). Key secondarytries. Some of these conventions are at considerable
sources of data include NUTEK, the former

variance with SwedL_h ones. The_ axe explained at the Transportr_et (many of whose functions are beingoutset of each section.
assumed by Wig- och Trafik- Institut). Key data for the

In Figure I-1, primary electricity denotes the pri- residential and service sectors were provided by Caris-
mary equivalent of hydroelectric power and nuclear son, of PREDECO, VattenfalI, and by a multitude of

power. These by definition have losses associated with sources used and described in previous LBL studies of
production. Other "losses" arise in oil refining, city gas Sweden (Schipper 1984a; Schipper 1984b; Schipper,
production, production of electric power using conven- Meyers, and Kelly 1985; Schipper, Meyers, and Ketoff
tional thermal power or combined heat and power, 1986; Schipper and Hawk 1991; Schipper and Tyler
transmission of electricity, gas, and heat, and other small 1989).
losses in the energy sector. The largest of these are

Our sources for international data are many. Ourshown in Figure I-2 which gives some perspective on the
recent analysis of energy use in Denmark (Schipper,

relationship between primary energy consumed in Howarth, Andersson, and Price 1992) details a numberSweden, losses in conversion, and fuels delivered to
of these. Schipper, Howarth, and Geller (1990) appliedvarious final demand sectors. Figure I-3shows the SCB
the present methods to the U.S. situation, whileaccounting of energy sources available to final demand,

as well as the total losses by their accounting. Schipper, Howarth, and Carlesarle (1991) analyzed
developments in Norway. Additionally, the reader

Once energy is converted to its delivered form, it should consult Howarth and Schipper (1992) for our

is "consumed" in the main sectors of final demand: comparison of energy use in manufacturing; Sc.hipper,
residential (_, hush_l); services (tjfihster, often Meyers, eta/. (1992), Schipper, Steiner, Duerr, An, and

referred to as/oka/sektorn because vixtuaUy all energy in StrUm (1992), Schipper, Steiner, Hgueroa, and Dolan
this sector is consumed in buildings); industrial, which (1993), and Schipper, Figueroa, Price, and Espey, (1993)
is made up of manufacturing (tiUverkning) and other for our analyses of transportation energy use; Schipper,
industry (mining, agriculture, forestry, fisheries, con- Meyers, and Ketoff (1986) for our analysis of the service
struction; gruz_r, jordbruk, skogsbruk, fiske, byggverk- sector; and Schipper (1984a), Schipper, Ketoff, and
samhet), travel (persontransporter); and freight (frakt, Kahane (1985), and Ketoff and Schipper (1990) for
godstransporter). In "Other Industry", agriculture further background on the residential sector.
represents the largest sham, accounting for somewhat

less than half of the total. As can be seen, however, the 1.3. The Structural Approach: Methodology
overall role of any of these parts of "Other industry" in

The development of Swedish energy use between" total energy use is small. Figure I-4 shows the shares of
1970 and the present is characterized by two fundamen-delivered energy consumed by each of the major sectors
tal breaks in trends clear from the aggregate view ofwe study. Energy consumption data for other industry
energy consumption presented above. The first breakare uncertain, because all but mining are lost in the corn-
was the sharp drop in oil use caused as much bybined sector "Households, services, etc." (hush'all,service,

m. ft.) before 1983. SCB provide estimates of oil and elec- improved efficiency as by substitution by other
delivered energy carriers, notably biomass and electri-tricity use for most of these missing sectors for the years

1970-1983, but the sector is still incomplete for those city. Some of this change is clear from Figure I-1 or Fig-
ure I-5. The second was steady reduction in energy
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intensities in sectors where intensities had been grow- According to this formulation, changes in the level
ing, namely in buildings and travel, or an acceleration of of energy use in a given sector may be.attributed to three
the decline in intensities in manufacturing. To under- factors: growth in aggregate activity; structural change
stand the causes of these important changes requires (changes in the ratio of specific activities to aggregate
disentangling the underlying components of the struc- activity); and changes in energy intensities. In formal
ture of energy use. terms, let Aa represent the aggregate activity level in

Trends in aggregate energy use and economic sector i in year t, S//t (j = 1,2,...,n ) be the level of specific
activity are often used as indicators to gauge improve- activity j per unit of aggregate activity, and lijt be the
ments in the efficiency of energy utilization over time, energy intensity of specific activity j. Then the energy
explain major shifts in the mix of fuels, or to anticipate use o_sector i is:

future developments. While broad-based measures are
indispensable because they convey facts in simple and F.it = Aa _Si# lijt •

hence digestible terms, they often hide information that i-I
While this formula is simply an accounting identity, itis crucial in understanding the nature of energy use.

_gy, after all, is not used in the abstract to produce provides the basis for constructing meaningful indica-
abstract units of GDP. Instead, it is used to carry out tors of the determdnants of energy use in a given end-use

sector.
numerous specific activities such as maintaining com-
fortable indoor temperatures; providing mobility in To measure the relative change in energy use that
automobiles and other vehicles; and producing chemi- would have occurred over time if sectoral structure and
cals, steel, and other raw materials, energy intensities had remained fixed at base year (t =0)

Previous research has shown that the structure of values while aggregate activity had followed its actual

energy use---its disposition among different activities--- developmertt, we calculate the activity effect as:
changes substantially over time in response to demo-
graphic trends and changes in lifestyles and technolo- %AEpu"= (Air ESijolijo-Eio)/Eio.i"1
gies (Schipper, Bartlett, Hawk, and Vine 1989; Schipper,
Howarth, and Geller 1990; Schipper, Howarth, Anders- Similarly, the hypothetical change in energy use.given con-
son, and Price 1992; Schipper, Meyers, et a/. 1992). To stant aggregate activity and energy intensifies but varying sec-

toralstructure(the structure effect) is:see that this is true, it is useful to break delivered energy
use down into five end-use sectors: residential, service,

industrial (manufacturing and other industry), travel, %AEsi = (Aio___Silt[iio-Eio)/rEioj..1
and freight.

and the proportional change in energy use given constant
As Figure I-4 shows, the residential and manufac- activity and structure but varying energy intensities (the inten-

turing sectors are the most important end-use sectors in sity effect) is:
Sweden, accounting respectively for 28% and 4.2%of ti

delivered energy use in 1973. The share in the residen- %AEIi= (Aio_,Si/oli_ - Eio)/Eio.
tial sector fell to 25% by 1990, and the manufachaHng i-I

share fell as well, to 38%. The shares of service, travel, The specific numbers attached to each effect depend on the
and freight gained. Agriculture, construction, and rain- definitional framework used in the analysis, determinedby the
ing, which are small, are aggregated into "Other Indus- analyst based on theoretical considerations, data availability,
try". For each of these end-use sectors, it is poss_le to and professional judgement=the specific definitions we use in
define an indicator of aggregate sectoral activity that each sector are summarizedin Table 1-1 and discussed in the

represents in broad terms the factors that driveenergy use, as main body of the paper. This approach gives us a means of
noted above. In travel, for example, aggregate activity is understandingthe complex realities that lie behind energy-use
defined as personal mobility measured in passenger-kin, trends. In particular,the methodology shows the importance
Within particularend-use sectors, it is possible to obtain more of considering not only the efficiency but also the structureof
detailed information regardingstrucmra/change, or thedispo- energy use. To understand energy use one must focus there- -
sition of energyuse between specific activities. In the residen- fore not only on the technical characteristics of energy-using

fial sector, it is interesting to consider developments in space equipment but also on the level of energy-using activities and
heating, water heating, cooking, lighting, andapplianceenergy the human context in which energy use occurs. The indices
use. In manufacturingone may divide energy use amongdif- defined above are known as Laspeyres indices (Howarthet al.
ferentsubsectors that producefundamentallydifferent kinds of 1991).
products. To each specific activity corresponds a measure of
energy intensity, or energy use per unit of specific activity. Combining the changes in activity level and struc-

ture, we obtain a measure of energy services. This meas-
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ures the overall output derived from energy use in any difference resulting from these changes, increasing in
sector, much like GDP measures changes in economic share from 3% in 1973 to 47% in 1990. We can also think

activity. Using changes in energy services weighted by of these changes in terms of primary fuel inputs to elec-
energy use in each sector in a base year, we can estimate tricity production by adopting the convention used in
how much changes in energy services alone affected the SCB energy balances which counts hydropower at
overall energy use. This result can be compared to 85% and nuclear power at 34%. We count other fuels

. changes in energy use that would have occttrred had such as oil and gas at 40%, which is approximately the
only GDP changed; conversely, changes in the ratio of average conversion factor for thermal power plants. By
energy services to GDP affect the energy/GDP ratio this accounting, as shown in Figure ES-1, the share of
independently from the effects of evolving energy inten- primary energy use to produce electricity by oil dropped

" sities, from 30% in 1973 to almost zero in 1990, hydropower

Decomposition of changes in energy use using the dropped from 63% in 1973 to 29% in 1990, while nuclear
Laspeyres indices yields indices or growth rates of Power increased from 6%in 1973 to 68% in 1990.

change in energy use arising from changes in each of the The reduction in the share of oil at district heating
named factors. These indices may be multiplied to give plants was even more dramatic (Figure ES-2). In 1973,
the total change in energy use, to first order, between the oil provided nearly all of the fuel input at district heat-
base year and the final year caused by simultaneous ing plants, roughly 96%. By 1990, this share decreased
application of all three factors. Because these changes to 11%, although this is partially due to the warm
are multiplicative when applied to energy use in the winters of 1989-90. The share of solid fuels such as coal

base year, the total change in energy use is not equal to and biomass increased substantially, from 6% in 1973 to
the sum of the changes caused by each factor, but rather 39% in 1990. Gas has also gained a small but not

the product of each of the indices times the base year insignificant share at district heating plants. Finally,
energy use. One can, however, compare the change in there is a significant input of electricity. At the same
energy use, relative to the base year, arising from the time, waste heat from industrial activities has been used

effects of one factor alone changing, with those that arise in district healing systems more frequently and reduced
if two factors act or if all three acted. These results can be the need for primary energy inputs. The contributions
compared to the actual development in energy use as from electric boilers, heat-ptunps, and waste heat from
well industry, in combination with more efficient fuel btun-

We define conservation as the difference between ing (heat recovery from stack-gas condensing) are

actual energy use and the amount of energy that would important reasons why there has been considerable
have been used in a given year if energy intensities in improvement in the thermal efficiency of the district
each sector were frozen at a base year level, but the heating system, from 79% in 1973 to 91% in 1990. Since

activity and structure of each sector had evolved as they much of the equipment has turned over since the time of
actually dicL We measure this as: the first oil shock, the trends in fuel choices for the pro-

duction of district heating are likely to continue even aswI

%E savings in sector =Air _Sij, (liio - lilt )/E/t • Oil prices remain low, although the use of interruptible
j.1 electricity in place of oil is extremely sensitive to relative

prices.

1.4. The Energy Sector Other energy sector consumption includes energy

The energy sector includes those industries assc_- used in refineries, gasworks and non-energy consump-

ated with the production of district heating, electric tion of oil for feedstocks and asphalts. We included
power, finished petroleum products, town gas and other these activities along with district heating and power
energy-related activities. The structure of energy con- production in a summary of the disposition of gross
sumption in the energy sector has changed substantially energy use shown in Figure 1-3. The only significant
since 1970. The two oil shocks of _Se1970s coupled with change beyond those mentioned above has been more
the introduction of nuclear powe_ m Sweden irreversi- efficient conversion of crude oil to products. Refinery
bly changed the nature of the energy sector. The shares consumption of oil was 61% greater in 1990 than in 1973

of oil, hydroelectric, and _-clea,in the production of while oil losses increased by only 17%over this period.
heat and power, changed dramatically, for example, as Other energy sector consumption is rather small by corn-

nuclear absorbed most of the growth in electricity pro- parison-

duction while oil disappeared. In terms of delivered We will not analyze the energy sector in greater
electricity, the share of oil decreased from 170 in 1973 to detail in this report because we are focused on end-use

1% in 1990, while hydropower decreased from 79% in consumption. However, it is clear that important
1973 to 51% in 1990. Nuclear power has made up the changes in the composition of primary energy use had
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many impacts on end-use consumption. These impacts the Swedish observations. After these first conclusions,

included a significant reduction in the role of oil in the we compare the evolution of energy use in Sweden with

Swedish economy, an increase in the importance of that in other OECD countries. New conclusions, partic-
biomass and of course, the substitution of nuclear power ularly those that may be at odds with those found in

for oil in both the electric power system and through considering Sweden alone, are highlighted. In the final

end-use substitution from oil heating to electricity, chapter, we discuss the implications of our findings for
future developments of energy use in Sweden. The

1.5. Further Analysis of Swedish Energy Use appendices detail sources for the sector analyses as well

The following sections present an analysis of as describe important data needs for future energy

energy use in each sector in Sweden. Our results are analysis and policy development in Sweden. m

then integrated and we provide conclusions based on
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Table 1-1. Definition of Factors for Impacts of Changing Activity Levels, Sectoral Structure, and Structure-Adjusted Energy Inten-

sity on Sectoral Energy Use.

Sector/indicator Definition/description of factors

RESIDENTIAL

Activity Population

Intensity Space heat energy per unit of home floor area, electricity per appliance, energy

• per capita for cooking and hot water adjusted for home occupancy, lighting
energy use per unit of floor area

Structure Household floor area per capita, persons per household, appliance ownership per

capita

MANUFACTURING

Activity Manufacturing value added

Intensity Industry-group energy use/value added

Structure Industry-group value added shares

OTHER INDUSTRY

Activity Value added in agriculture, forestry, fishing, mining, and construction

Intensity _y t_selvalue added

Structure Not applicable (activity not disaggregated)

SERVICES

Activity Service sector valu6 added

Intensity Energy use/value added

Structure Share of value added in sub-sectors

PASSENGER TRANSPORT

Activity Passenger-kin/year

Intensity Modal energy use/passenger-kin

Structure Modal mix

FREIGHT TRANSPORT

Activity Tonue-km/year

Intensity Modal energy use/tonne-km

Structure Modalmix
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Energy Use In Sweden
Primary Use and Bunkers
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Figure I-1

Energy Use in Sweden
Delivered Energy and Losses
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Energy Use In Sweden
Delivered Energy, by Fuel, with Losses
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Figure I-3

Energy Use in Sweden
Delivered Energy By End-Use Sector
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Energy Use in Sweden
Delivered Energy by Fuel
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Primary Energy Input for Electricity Production
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Primary Energy Input at District Heating Plants
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9.. THE RESIDENTIAL SECTOR room. The few homes in Sweden with no central heat-

Residential energy use is important in Sweden. ing have wood, coke, gas, or kerosene stoves, usually in
The climate is cold, with over 4000 heating degree days combination with a few fixed or portable electric heaters.

(base 18°C) and the homes are large and well-furnished. • The counting of heating systems by "principal fuel"
In 1970, Swedish homes had.a central heating penetra- proceeds by first assigning all homes using only one fuel
tion of over 90% and the occupants enjoyed at least 35 to that fuel. For those SFDs using oil plus another fuel,
square m_m-s of heated space per person. Also, few of we assign them to oil. For tho_' SF"Dsusing electricity
the individual apartments in multi-family dwellings, and wood, we assign 80%of them to electricity and 20%
which made up over 50% of the sector in 1970, are to wood, based on the distribution of wood and electri-

• directly metered for heat. As a result, Sweden had high city use given in Energistatistik f6"rSm_hus. We assign
per capita energy use for households in the 1970-1973 those homes using three fuels to oil. District heating and
period, gas are assigned to those fuels. Where electric heat

By 1990 central heating reached virtually every pumps are indicated as a second source (for MFDs), we
home, heated area per capita had increased to around 50 assign these to oil as the main source.
square meters, and the number c.f single-family dwel-
lings reached nearly 49% of the stock. In addition, • Water heating is counted separately from space heating

by estimates of system ownership and unit consump-
stocks of household appliances expanded significantly, tion. Water and space heating assignments are the from

These changes , by themselves, would seem to indicate the early 1970s until the mid-1980s, when we begin to
increases in household energy use in Sweden. Yet
delivered energy use in this sector was lower in 1990 assign electric water heating to some SFDs using oil for

space heating. The numbers are estimated knowing the
than it was in 1973 and useful energy use virtually the number of homes using both fuels and the number of
same; only primary energy use increased, largely as a "loose" electric water heaters in homes not using electri-
result of increased use of electricity. This section city forspaceheating.
explains these many apparently contradictory trends.

Our analysis is based on conventions that differ • Electric cooking and lighting are separated from
from those in Sweden, which are explained below: "hushaUser'.

• Single-family dwellings (SFDs) include snuY_ts (en- och • Fuel use for cooking is counted as such.

t_fam_jshus, radhus, kedjehus) and farmhouses jord- • Secondary electric heat (dold elviirme) is counted as

bruksfastigheter. Multi-family dwellings (MFDs) include such, consistent with Swedish practices, using informa-
all homes in apartment buildings (flerfam//jshus) or in tion from Vattenfall and Energistatistikf& s_s.
buildings otherwise predominantly occupied by
businesses (lokaler). • "Useful" energy (nettoenergi) is counted as if oil and gas

were coverted with 66%efficiency and solids with 55%
• Primary, useful, and delivered energy are counted efficiency, while electricity and district heat are 100%

according to our conventions outlined in the mtroduc- efficient. The purpose of this assumption is attempt to
tion to this report, equalize the different space and water heating fuels

• Degree days are counted as the difference between when they are aggregated. Carlsson, of PREDECO

18°C and the average outdoor temperature during the (1992) presents reasonable estimates that differ from
period January-June and October-December. This is these and vary over time. Carlsson's assumptions mean

derived from monthly figures from the Ooerstyrelsen fd'r that the changes in "useful energy" as they measure
Ekonomiskt F6rsvar ((_EF 1970-1985) and VVS Tekniska them are less than ours, because the loss of energy in

combustion improves by their measure. Experience in. F&ening, as well as yearly figures published by SCB in
Energistatistik f& s_ (SCB 1978-1991a). To convert our previous study of Denmark suggest this effect is
from 17°C, the standard base used in Sweden, to 180C, small, about 10%.

we add 250 degree-days, or 1 degree x 250 days (the

average length of the season). An index of 2.1. Structure of the Residential Sector
actual/normal is derived from this procedure. We
divide the estimate use of each fuel for space heating 2.1.1. Housing, Space and Water Heating

only by this index to correct to "normalyear". When the 1970s began there were slightly more

• Central Heating (C/-/) means full house heating from than 3.2 million occupied homes in Sweden, and almost
59% of these were apartments, a result of the million pro-hot air or circulating hot water heated by any fuel or

electricity (or by hot water from a central i_rid), as well gram of the 1960s. By the mid-1970s the building rate for
as heating from fixed electric radiators in vi_mlly every apartments began to fall, while that for detached hous-
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ing remained strong. As a result, the share of apartments heat from possible shortages or price increases, since
fell to 51% of the dwelling stock by 1989. Put another they could switch their electric boilers to other fuels or
way, SFI_ comprised only 41%of the stock and housed even connect to a district heating system.

a bare majority of the population iu 1970 and had about The majority of occupants of MFDs still get their
55% the total floor area; by 1990 more than 60% of all heat from water-borne systems, now fueled principally
Swedes lived in dctached housing, whose share of total by district heat in place of oil. Few efforts to advance

floor area had skyrocketed to 63%. This shift accounted direct metering of individual apartments succeeded.
for most of the increase in heated area available to Not surprisingly, the intensity of MFDs space heating
Swedes. (per square meter or vet capita) is virtually the same, for

Figure R-1 shows the distribution of main heating a given fuel and building vintage, as for SFDs. That is, "
fuels used in all homes in Sweden. In 1970, oil heated few occupants in MFDs have an incentive to control
70%of all homes in Sweden. Electricity, wood, and even their heating actively with their thermostats and valves.

coal and district heating accounted for the remaining Apartments are warm. As a side effect, secondary he,,:
homes. Before the first oil shock, the o2 share was is only used by those in apartments whose indoor tern-
already falling slowly, prodded by district heating for peratures cannot easily be maintained at the usual 21°C
new apartments and electric heating for new detached during cold periods. Natural gas moved in slowly in the
homes. The first oil shock accelerated the decline late 1990s to MFDs, but appears stalled because nearly
markedly, and the share of oil heated homes fell to 55% all of the MFDs in dense areas are served by district
in 1979, then crashed to 31% by 1986, settling at a heat. Thus, while enormous changes took place to heat-

slightly lower level thereafter. Over the same period, the ing in SFDs that were directly evident to occupants, little
share of district heating trebled while that for electric happened to the indoor heating environment for those
heating increased nearly seven fold. Swedes still in MFDs.

Accompanying these shifts in heating fuels was Water heating in Sweden usually followed the
the achievement cf virtual saturation of central heating energy source of central space heating, prepared in the
(including fixed electric radiators), running hot water, same system. When oil prices increased and multi-fuel
and electric or gas cooking. Differences in the standards boilers became more popular, however, increasing
of SFDs and MFDs were great in the early 1970s: MFDs numbers of those in SFDs turned to electricity for water

had a higher penetration of central heating and running heating in the summer or indeed year-round. We esti-
hot water than SFDs, while SFDs housed more heated mate that this began in 1980, leveling at about 100 000

area per person than MFDs. By 1990 these differences SFDs by the late 1980s. About 3%of the apartment stock
had narrowed. The rise in the importance of SFDs appears to rely on electric heat-pumps for water heating,
meant that increasing numbers of Swedes paid directly but most of the rest use the same fuel as for space heat-
for their heat according to actual consumption, an ing. Individual boilers are only common for those in
important stimulus to energy efficiency. MFDs (and SF'Ds) with electric resistance heating.

Several other changes occurred in the heating sys- Cooking was based primarily on electricity in 1970
tern that affected energy use. According to early SIFO (85% of homes had an electric oven and cooker), with
surveys (Schipper 1984b), only a small share of SFDs 11% used gas and the rest used wood or small electric
used more than one fuel for heating in 1970; by the late rings. Wood all but disappeared in the 1970s, and the
1990s, a majority of the SFI_ used combinations of oil, role of gas fell to approximately 3% of all homes; furth-
wood, and electricity. This switch indicated greater ermore, city gas yielded to natural gas in many of these
interest among occupants in reducing their heating costs homes. As with space and water heating, the result of

by playing off one source against another. Particularly this fuel substitution was to reduce delivered energy for
impressive in this mix is the presence of wood, used in water heating more than was accounted for by energy
roughly 1/3 of the single-family dwelling stock. Wood conservation.
made an important comeback as a key complement for
both oil and electricity in SFDs, as well as the principal 2.1.2. Electric Appliances

heat source in over 100 000 SFDs by the 1980s. This Figure R-2 shows the developments in appliance

wood is almost always self-gathered, and represents ownership during the period 1970-1990.1 In 1970, Swed-
(since 1976) a form of untaxed income, ish homes had many electric appliances, including refri-

A second important shift is that from direct elec-
tric heatingtohydronicheating,stimulatedbytheELAK _The iump in ownership of clotheswashers isa resultof in-

clucling access to collective washers in "tt_ttstu2or" i_ some sur-

rules of the mid-1980s (Schipper, Meyers, and Kelly 1985 veys.

[SMK 1985]). This shift protected those using electric
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gerators, freezers, televisions, and washing machines, Fuel prices showed mixed developments. Oil
boosted by the rapid entry of dishwashers, clothes prices shot up in 1973 and again in 1979, and remained

dryers, ca: heaters, saunas, and other important equip- high in the 1980s as taxes were added. District heating
ment. Apartments often had collective rooms generally followed oil with a lag. Electricity prices
(tv_'ttstugor) used for washing, something unusual in moved up only moderately; during the 1980-1984 period
much of the rest of Europe. electricity was virtually cheaper than oil as a source of

heat (if oil was converted at 70% efficiency), certainly
2.2. Fuel Mix and Energy Intensities one factor causing the landslide of oil use in favor of

Figure R-3 shows the development of energy use electricity. As Carlsson (1992) of PREDECO shows, the
by source in the residential sector. Included are the real cost of heating a square meter in Sweden in 1990

was higher than in 1970, mainly because of the higherlosses in producing electricity and district heating, as we
count them in our study. The increase in these losses cost of oil and district heating.

reflects the enormous ir_crease in electricity use, mostly
2.2.1. Space and Water Heating Intensitiesfor space and water heating rather than for purposes

that can only be met by electricity, such as lights, motors Measuring individual intensities back to 1970 for
and electronics. In this sense, fuel substitution lead to a space and water heating is difficult. From Energistatistik

decline indelivered energy use. f& Srrdhus and other sources (Schipper 1984b), we
assembled estimates of the specific consumption of oil,The substitu_'on of district heating for oil lead to

very little change in primary energy use for heating and district heat, and electricity for space heating, as shown
in Figure R-4. F'_gureR-5 shows the assumed consump-hot water• The substitution of electricity, however, has a
tion for water heating that was removed from the corn-profound effect depending on which accounting conven-

tion is used. If we adopt the old way of accounting in bined total of water and space heating.
Sweden (nuclear power and hydro power counted at the The contrasts are dramatic. In spite of uncertain-
rate of electricity produced), substitution of electricity ties, it is clear that oil heating intensities fell the most.
for oil heating reduces primary energy use; if we count Even correcting for the use of second and third fuels, the
nuclear power at equivalent of the thermal energy "only oil" SFDs reduced their heating intensities by 30%
expended (nuclear fuel consumed) in power stations between 1973 and 1986. We believe this is reflected both
and hydro power counted at 85% production efficiency, in hot water use and space heating use. Part of this
primary energy consumed for heating remains about the decline occurred because so many older homes coverted
same. |f we adopt this convention for nuclear power and from oil heat, leaving newer, better insulated homes to
count hydro as if it were also provided by thermal use this heat. Similar trends occurred in oil-heated

powerplants, the most common OECD convention, MFDs. The drop in the intensity of district heated MFDs
energy use for heating in Sweden increases substan- was less dramatic, both because there were no gains
tially. Figure R-3 follows the latter convention, which is made in improving boilers on site and because so many
why primary energy use for households in Sweden is older oil-heated MFDs were converted to district heat-
considerably higher in 1990 than it was in 1973. ing. 2

If we examine delivered fuels, we see how oil The same problem affects the interpretation of
dominated delivered residential energy use in 1970, electric heating intensities in SFDs. On the one hand,
accounting for a full 71% of delivered energy use (after there are ample data showing that more recently built
climate correction). By 1990, the oil share had plum- SFDs use less electricity per square meter than older
meted to only 25%. By contrast, electricity's share rose ones (SMK 1985; Energistatistikfo'r Srr_hus various years).

from 12%to 39%and that of district heating from 7% to Yet the aggregate picture does not show a clear decline
• 20%. These shifts alone accounted for a marked decline in electricity use per square meter for main space heat-

in delivered energy, since the losses in using electricity ing. Some of the uncertainty rests with the assumptions
or hot water for heating are minimal compared to those that have to be made about total electricity used for

• involved in burning oil. Wood, which was disappearing space heating, but there are ample data from the early
in the late 1960s, made an important comeback as a key 1970s and late 1960s characterizing the housing stock of

complement for both oil and electricity in SFDs, as well that period (SMK 1985; Schipper 1984b). We have no
as in over 100 0(30 SFDs by the 1980s as the principal doubt that electric heating intensity fell in SFDs, but
heat source. City gas yielded to natural gas, but

2 It is well known from Energistatistik that heating ir_tensity m

remained unimportant overall. Coal and coke had older dwellings is higher than in newer ones. Some of thzs differ-

already been drive from the market by oil in the late encehasbeenreducedthrough retrofitssince1973.
1960S.
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hesitate to _tttachtoo much significance to that decline decline in useful energy intensity, while primary energy
because of the influence of these uncertainties and the intensity increases. These divergences suggest that
use of secondary fuels, as well as the use of electricity while efficiency may have improved, it is both masked
for other purposes. Our best estimate is that the electri- by the impact of structural changes and fuel substitu-
city intensity of heating in homes built before 1973 tion, and to a certain extent mimiced by fuel substitution
declined by 15% and that in newer homes it was a full as well.

30% below the 1973 values. These "gains", however, To examine this problem further we show the

were offset by an increase in the number of leakier main components of energy intensity stacked in Figure
homes built before 1970 or even 1960 that converted t_ R-8. We see that useful energy per capita for most pur-
full or Partial electric heating. As a result, averageelectri- poses shows no dramatic savings. This is because the
city use per square meter of homes heated entirely by amounts of energy service (heating and area heated or
electricity does not appear to have declined significantly, numbers of appliances) have increased over the period

we have studied.

2.2.2. Electric Appliances To see beyond this, we tabulated useful energy
There are few good measurements of actual con- per square meter for space heating. This indicator

sumption of electricity for individual appliances. Using showed a dramatic decline of over 33%, in spite of a
models built by Vattenfa//(Malinen 1989) and estimates slight increase in penetration of central heating. Also,

from various CDL and Kraftsam forecasts (see Schipper the energy intensities of individual electric appliances
1984b; Tyler and Schipper 1990), we assembled the best declined. Water heating energy intensity declined too,
estimates of actual unit consumption for household even beyond the decline we might expect from the
appliances in 1973, 1978, 1982, and 1987 (Figure R-6). shrinking size of households. Clearly, Swedish house-
These estimates indicate a significant potential savings holds saved energy.
il_ the actual stock of appliances. We caution that by
1987 the six major appliances only account for about 50% To better understand these changes, we measured

the evolution of enerb-_yintensities; holding other effectsof the electricity not allocated to heating, lighting, cook-
constant which indicates whether energy conservationing, or water heating. Clearly there are important uncer-

tainties about present use that may be resolved by has occurred.
experimentsunderway, sForspaceheating,we holdfloorareaandcentralheat-

In spiteof theseuncertainties,we believereal ingpenetrationconstant.Experienceshows thathomes

improvements occurred. Data from Electrolux (Schipper with central heating use about twice as much fuel asthose without. Therefore, we construct an index (1 +
1984b; Tyler and Schipper 1990) indicate important CH)/2 that takes the value of 0.5 if no home has central
reductionsinenergyuse.innew appliances.Sincethe

number ofcombinationrefrigerator-freezers,dishwash- heatingand I when allhavecentralheating.We divide
usefulspaceheatingby thisindexinany two yearstoers,and clothesdryersmore thandoubledintheperiod

we have studied,theUECs forthesethreeappliances comparechangesbetweenthetwo years.Ifspaceheat-

couldeasilyhavefallenby more thana third,asissug- ingintensity(i.e.,persquaremeter)failstokeepup with

gested.[:orfreezersand washingmachines,theturn- theincreaseinthisindex,conservationisindicated.

overhas probablybeenslow.Butelectricitysavingsin • We normalizeusefulenergyforwaterheatingand

washingmachinesalsoreflectschangesinwashingprac- cookingby thesquarerootofthenumberofpeopleina

ricesthathaveoccurredinmany countries,particularly household,becauseof theobservationthatenergyuse

colderwatertemperaturesand lowerwateruseingen- forthesetwo functionsscaleswiththesquarerootofthe

eral(Tylerand Schipper1990;Schipperand Hawk 1991). numberofpeopleina homes.The sizeofhouseholdsin
Sweden fellby nearly12% between1973and 1990,an

2.3.Evolutionof EnergyEfficiencyand EnergySay- effectwhichby itselfreducedenergyneedsforwater

ings heating and cooking. Thus any decline in useful energy

Since energy intensities are the key indicator of per capita for water heating or cooking beyond that sug- .
energy savings, it is important to assemble the informa- gested by shrinking household size is measured as con-servation.
tion available to see what happened in Sweden. Many
of the uncertainties in the evoluti(_n of the intensity of s We measure changes in lighting energy use by divid-

any given fuel cancel when these are aggregated using ing by house area.

useful energy. Figure R-7 shows the evolution of • We measure changes in electricity use for the six major
delivered energy and primary energy per capita (from appliances by forming an index of use in any year, and
Figure R-3) as well as useful energy per capita. The multiplying actual appliance electricity intensities by the
decline in delivered energy intensity is not matched by a base-year ownership data of electric appliances.
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From these calculations we form indices of energy What about energy conservation programs? In

intensifies. These indices, when multiplied by 1973 base earlier work (SMK 1985; Schipper 1984b) we noted that
year energy use for each purpose, yield changes caused energy saving occurred in homes where public funds
by changes in intensity. The converse procedure, hold- were used for retrofit measures, but that similar savings
ing 1973 intensities constant and varying only the struc- occurred in homes not taking public funds. Looking
tural para_neters (home size and central heating in each back on the years of energy efficiency programs, it is

year, the square root of household size, appliance own- hard not to credit these programs with provoking
ership for each year weighted by the 1973 intensifies of important conservation investments in MFDs, where
each appliance) yields estimates of changes in per capita individual incentives to save through either changed
household energy use arising because only the structure behavior or investment have always been small. But it is
of energy use changed, also difficult to quantify how much investment in meas-

The results of these two calculations are shown in ures by occupants of SFDs, and subsequent energy say-

Figures R-9 for delivered energy and in Figure R-10 for hags, occurred solely because grants and loans were

primary energy. The same calculation carried out for available (Wilson et al., 1989). The precipitous fall in oil
the major electric appliances alone are given in I-igure heating intensifies when prices shot up is difficult to
R-11. All three figures indicate a clear drop in intensity, trace to programs that took several years to be

The difference between the primary and secondary developed. On the other hand, the combination of
intensifies arises primarily because of substitution higher oil heating prices and efficiency programs prob-
towards electricity. Since electricity is weighted 3 times ably reinforced the results of each stimulus itself.
more in "primary" than in "delivered" energy, about half The fact that oil intensities fell so greatly, while
of the apparent drop in intensity measured as delivered electricity intensifies fell so much less is consistent with
energy arose from fuel substitution. If we hold every- the radically different behavior in the real prices of these
thing but the shares of fuels used for space and water two heating sources in Sweden. By contrast, in countrie_
heating constant, we see roughly the same results, where prices for both increased (Denmark, France, and

the U.S.), electricity intensities fell along with those forNote in Figures R-9 through R-11 that the struc-
oil. Energy efficiency subsidies for existing homes wereture effect is important. That is, increased home area

and appliance ownership per capita, and falling house- present in some form or another in all three of these
countries as well as in Sweden. This suggests that priceshold size all contributed to driving up household energy

use by some 33%. changes have been an important stimulus to changes in
space heating.

2.4. Causes for Changes The entry of new homes into the stock reduced

What caused changes in energy use in Swedish average energy intensity for heating in Swedish homes.
households? Higher incomes and falling household size This was primarily an effect of the rapid expansion of
contributed to increased per capita area and equipment the SFDs stock, which had significantly lower heating
ownership, the main causes of structural change. As intensity than did older SFDs. This lowered intensity

was supported by the financing system, which assuredCarlsson points out, however, stagnation in incomes or
related measures in the mid-1970s and again in the that any reasonable effort to exceed the regulations in

the building requirements was financed (SMK 1985). Tomid-1980s also depressed household energy use in ways

that were easily reversed when hard times passed, be sure, the building codes were strengthened in 1977
Higher oil prices (Figure R-12) encouraged a great deal and again in the early 1980s. The changes in 1977 (SBN
of conservation of oil and fuel switching as well. 1975) were dearly weaker than what was already occur-
Indeed, the price of heat from electricity was lower than ring in practice (SMK 1985). Those proposed for 1985
that from oil in the early 1980s, as comparison of the two (ELAK 1980) were widely debated. Our earlier study

prices suggests. 3 Subsidies for conversion to electricity (SMK 1985) suggested that ELAK requirements, which
affected homes heated with electric resistance heat, were

played a role as well. Not surprisingly, the rush away
from oil slowed considerably after the price of heating somewhat beyond common practices then, and probably
oil fell in 1986. did provoke changes in the average practices for these

homes.

What provoked the improvements in electric

3 In the figure the price of oil is about 80°/, of the price of elec- appliances? The most important factor named by
tricity. Unless an oil system is more than 80% efficient, the cost of manufacturers was the pressure from internationalthe heat delivered to a room from resistance heat in each room is

|ess than that from the oil furnace, markets, particularly Germany (Schipper and Hawk
1991), where both programs and higher prices
heightened manufacturer and consumer interest in more

2-5



_ll._w_'_noe BerkeleyLab Energy Use inSweden/Schipper-IES

efficient appliances. Swedish authorities called for significantly. Among the significant changes was the

improvements, but no mandatory standards were put in large-scale shift away from oil heating in the wake of the

place. Increased testing and information in Sweden two oil shocks of the 1970s. Another important change

helped consumers make better informed choices, but has been the improvements in building practices driven

conversations with manufactures throughout Scandina- by stricter building codes and increased energy prices,

via always raise doubts about the overall importance of resulting in better-insulated and more comfortable

this information. Certainly no consumers ignore the homes. A third and more recent change has l:_,en the -

energy-use characteristics of new appliances, and no improvement in the efficiency of electrical appliances

consumers are wholly insensitive to the role of electricity used in the household. Improvements on the supply-

prices and total consumption. But it is also hard to side through decreased losses at district heating plants

credit most of the change in new-appliance characteris- and in electric power plants have also benefitted the

tics to changes in consumer buying habits. Since electH- overall energy efficiency of the residential sector.

city prices did not change very much, we believe that The level of amenities in homes in Sweden is

international pressures on Sweden's multinational appli- nearly saturated. Central heating is virtually universal.

ance suppliers, bolstered somewhat by more informa- Homes are near the largest of any OECD country (in

tion and heightened consumer interest, "caused" spite of the high share of apartments), while household

manufacturers to improve their product and consumers size is the lowest of virtually any OECD country. Per

to buy these products, capita house area is unlikely to grow strongly because of

Were the reductions in energyintensitiesachieved expected slow down in long-term economic growth.

by 1990 permanent? Certainly the two periods of The Vattenfall studies (quoted in Appendix 4 of

extremely higher prices and depressed incomes (1975 Elanvd'ndningsdelegation [1987]) expect only a small

and 1979-82) led to small temporary drops in energy use impact on household electricity use of increases in appli-

for almost all purposes. But there was no precipitous ance ownership. Also, population is growing very

drop in space heating intensities as observed in many slowly. Thus, we expect very little change in energy use
other countries. This happened for two reasons. First, for homes through structural or activity changes. The

Swedish homes were well insulated in the physical only major changes in the structure of household energy

sense,and thereforeinthe economic sense, when heat- use couldbea shifttonaturalgas.

ing prices shot up. Second, the large number of apart- What do these changes mean for the future trends

ments without metering meant that there were few in the energy efficiency of the residential sector? We can

direct incentives for occupants to change their behavior, consider first the fact that the efficiency of most residen-

As a result, the real changes in heating intensity tial appliances will continue to improve, especially since

occurred slowly, mostly through technology. Indoor they are a number of incentive programs in place on the

temperatures in the early 1980s lay over 20°C (Schipper manufacturing end. For appliances that are already

1984b), hardly an indication of ongoing sacrifice. The saturated, such as refrigerators, this will result in a con-

other side of this development, however, is that there is tinuing decline in total end-use consumption. However,

very little unsatisfied heating demand waiting to spring for appliances whose ownership profile is changing,

back if prices fall or incomes to skyrocket. Similarly, the such as dishwashers and dryers, there is the potential for

changes in electricity use for appliances came about slight increases in total end-use consumption in the next

throu_'h gradual turnover in the stock, with the new pro- decade. Overall, we can thus expect slight increases in

ducts always less electricity intensive than those that appliance energy consumption as the saturation of most

were replaced. This evolution also leaves little to be appliances begins to level off.
"reversed'. Consequently we judge that virtually all of

In space heating and water heating, however, we
the difference between 1990 and 1973 household energy

intensities is permanent, see a different pattern emerging. As discussed above,
the decreases in household energy intensities can be

2.5. Prospects regarded as "permanent" in the sense that these changes
came about on the technology side rather than through

There have been significant changes in the level behavioral changes that may have been temporary.

and structure of residential energy consumption in However, much of the savings in final energy are the

Sweden over the last two decades. These changes have result of fuel-switching to electricity and district heating.

led to a 28% decline in useful delivered energy intensity Unlike direct heating with fuels such as gas or oil, there

since 1973 and a 35% decrease in the intensity of electri- is no possibility to improve electric heating-equipment

city consumption. At the same time, decreased house- efficiency without changing to a new technology, such
hold size and heated floor area have worked against this as a heat pump. This means that much of the savings

trend to keep total energy consumption from falling are tapped out in existing homes that have resistance
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heating and relatively good insulation. To be sure, already, so little further improvement is expected in this
Uppdrag 2000 (Hedenstrx3m 1992) found some potential small sector, but their entry into the housing stock
for improving such homes, through some additional pushes down average intensities. No one doubts that

insulation and improving windows to those with three there is a potential for continued, if slow, heat saving in
panes. The main future improvements, however, existing homes through home replacement, retrofit, and

appear to lie in the thermal standards of new homes, renovation. What is uncertain is the pace of this decline,
which will gradually raise the old ones. The widespread both for fuels or district heat and for electricity. That is,
use of electric resistance heating and district heating consumers appear satisfied with their present level of
locks out many future improvements in the individual energy costs. But electricity intensity for appliances and
heating system in the same sense that these improve- lighting may fall more rapidly, prodded by Teknikup-
ments were locked in by their proliferation. While phandlingand price increases as well.

Sweden has backed out of oil successfully, Sweden has Can efficiency programs be designed that will
not moved to other fuels, such as natural gas, with the truly stimulate individuals and organizations controlling
result that their overall residential energy system might homes to undertake large investments to reduce heating
be considered less diverse and more inflexible in the needs? The evidence from Sweden's past is ambiguous.
face of uncertainty. Fortunately, the popularity of low The programs of the late 1970s and early 1980s led to

temperature hot-water as the medium for electric heat- much activity, but some investments were barely
ing, sparked by ELAK, adds an important degree of profitable (SMK 1985), and some could have occurred
flexibility to electric heating, as does the spread of two- anyway (the so-called "free rider" problem). And the
or even three-fueled boilers. And the same can be said flurry of installation of heat pumps is still to be validated
for district heating, which can use fuels like woodchips as an energy saving measure, although few doubt thisor other forms of biomass that are difficult to handle in

measure effectively promoted electricity in place of oil.
small boilers. And the fact that the majority of single-
family homes using oil or wood for the main heating Whether state and local authorities will continue
source also have a second or third source adds diversity, to have enough resources to offer generous subsidies is

unclear, and so therefore is the pace of any stimulated
The outlook for energy intensity and energy use is retrofit or renovation program. Vattenfall's ambitious

thus varied. The current recession will likely lead to a Uppdrag 2000 demonstrated that the potential savings in
temporary down turn in household energy use and a electricity use in homes and buildings are modest.
slowdown in investment in efficiency or new equipment Nevertheless, this program has still not moved beyond
as well. In the longer term (i.e., towards 2000 and the (successful) experiment stage to a full scale program
beyond), intensities should continue to move down- of retrofits, particularly in the relatively well-insulated
ward. New homes in Sweden have very low heat losses homes heated with electricity.
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Residential Energy Use in Sweden
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Residential Energy Use in Sweden
Delivered Energy, Climate Corrected
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Residential Energy Use in Sweden
Space Heating Intensities by Fuel
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Residential Energy Use in Sweden
Delivered Water Heating Intensities by Fuel
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Residential Energy Use in Sweden
Three Measures (Climate Corrected)
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Residential Energy Use in Sweden
Activity, Structure, Intensity Effects
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Energy Use for Appliances in Sweden
Activity, Structure, Intensity Effects
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3. THE SERVICE SECTOR We measure economic activity in the services sec-

The service sector (ISIC 6-9) encompasses a wide tor by value-added or GDP, just as we do later in the

range of activities associated with the provision of ser- manufacturing sector. Figure S-I shows service sector
GDP in constant (1980) SEK from 1970-1990 for the five

vicesratherthantheproductionofgoods.Energycon-

sumptionin theservicesectorrepresentsa smallbut majorgroupingsusedin the NationalAccounts(SCB

growing proportionof totalenergyconsumptionin 1992a).The servicesectorhasbeenresponsibleformost
of thegrowthintheSwedisheconomy,withitsGDPSweden. The servicesector'sshareofdeliveredenergy

increasedfrom11.7%in1973to13.2%in1990whileits increasingby 52% from 1973-1990,whiletotalGDP

shareofprimaryenergyincreasedfrom12.7%in1973to increasedbyonly36% overthesameperiod.

16.8%in 1990.The increasein theshareof primary Sincenearlyalloftheenergyconsumptioninthe

energyisdue totherapidgrowthofelectricityintheset- servicesectortakesplaceinbuildings,anothermeasure
vicesector.The servicesector'sshareofelectricitycon- ofservicesectorstructureisfloorareaorheatedfloor

sumptioninSweden has increasedfrom15% in1973to area.FigureS-2shows thefloorareaby buildingtypein

21% in1990.As we shallsee,partofthisgrowthisdue 1981and 1990accordingtodatagatheredby theSCB.

to substitution of electric heating for oil heating, just as Each type of building carries with it a rather different
in the residential sector. However, a larger part of this pattern of occupancy characteristics and consumption.
growth is due to increased penetration and use of elec- Offices and retail businesses have consumption patterns
tric appliances and equipment in the service sector. It is based on the working day. Theaters and concert halls
this rapid growth in electricity consumption for such have low occupancy for much of the time and high occu-
equipment as computers, lighting, and motors, which pancy for a few hours per day. Hospitals and restau-

may represent the largest source of potential energy say- rants are rather energy-intensive, due both to longer
ings in the service sector, hours of occupancy and to the special types of equip-

In spite of what appears to be a large potential for ment which tend to be used there.
energysavingsintheservicesector,surveysand end- Unfortunately,there is no way to draw a

use dataforthissectorhave notreachedthelevelof correspondencebetween the economic measure of

detailavailableintheresidentialandindustrialsectors, activity(GDP)and thephysicalmeasure(floorarea)for

As in many countries,energy analystshave only the given typesof buildingsand theirassociated
recentlybegun tofocusattentionon theservicesector, economicactivities.Furthermore,thelackof end-use

A recent survey and report by Vattenfall (1990) provides detail makes it difficult and inappropriate tO address
the first comprehensive look at the end-use structure of distinctions among the wide variety of economic activi-
energy consumption in the Swedish service sector. With ties and their associated level of energy consumption.
data for only a single year (1989) available at the end-use Consequently, we consider changes in energy consump-
level, we determined that it was not yet possible to tion only at the aggregate level, using data from the
break down the service sector into end-uses. We do National Accounts for GDP and a time series developed
have data from PREDECO (Cads.son 1992) with which to by PREDECO (Carlsson 1992) for service sector floor
break out heating and water heating (upFodrmning och area from 1970-1990. At this level, GDP and floor area

varmvatten) from other non-heating uses of electricity are rather closely related, as suggested by Figure S-3.
(dr/fie/). Consequently our analysis here is confined to Total floor area in the service sector increased by 41%
the level of fuel intensities and two categories of electri- from 1973-1990 while GDP increased by 52% as previ-

city consumption-heating/water heating and other elec- ously discussed. Consequently, we prLw.oentthe results
tricity use. for energy intensity in terms of energy consumption per

unit of GDP.
. 3.1. Structure of the Service Sector

The service sector includes many commercial 3.2. Fuel Mix and Energy lntensities

activities such as finance, insurance, retail businesses, Over the period from 1970 to 1990, fuel choices in
- and personalservices.Forthisreason,itissometimes theservicesectorwerebasicallylimitedtooil,district

calledthe"commercial"sector.However,we preferthe heatingand electricity.Wood, kerosene,and coalhave

term "service"becauseitalsoincludesmany activities playeda smallroleand untilrecently,gas(citygasinthe

whicharenotcommercialinnature,suchaseducation, past)was negligible.FigureS-4showsfuelconsumption

socialservicesand religiousfacilities.The servicesector intheservicesectorfrom1970to1990.Itisinteresting

alsoincludesactivitiessuch as communicationsand tonotethatservicesectordeliveredenergyconsumption

publicutilities,as wellas some of the financialand in1990,whichstandsat 173PJ,isnot much different

administrativeaspectsoftransportationindustries, thanitwas in1970,at167PJ.However,thedifferences

inthefuelmixarequitedramatic.Oilconsumptionwas
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cut dramatically over this period to less than a third of includes heat pumps, dual-fuel boilers, use of secondary
its pre.oil shock level. At the same time, district heating electric heat, and miscellaneous other heating combina-
has more than doubled and electricity has more than tri- tions. This proliferation of heating systems was a
pied. In terms of delivered energy, this has meant only response to higher oil prices as well as an indication of
a modest increase of 1(_o from 1973-1990, but primary the increased cost-consciousness of energy consumers.
energy has increased strongly by 61%. However, the The reliance on a more diverse set of fuels and equip-
warm winters of 1989 and 1990 have masked some of ment also makes the overall heating portfolio more

the increases in energy consumption. In order to correct robust in the face of uncertainty about fuel prices, espe-
for climate, we apply the same method u_cl in the cially in the cold Swedish climate.
residential sector to fuels and to the heating/water heat-

ing portion of electricity consumption, resulting in the 3.3. Evolution of Energy Efficiency and Energy Say-
smoother time series shown in Figure S-S. The climate ings

corrected energy consumption totals show an increase in Changes in energy intensity in the service sector,
delivered energy of 21%from 1973-1990 and an increase measured as changes in energy consumption per unit of
in primary energy of 72%. Thus Swedes should expect GDP, are closely related to the changes in the fuel mix
higher energy bills in the future compared to those they discussed above. Energy intensity is measured as energy
faced in 1989-90. consumption per unit of service sector GDP. Delivered

It is no surprise that the major change in fuel energy intensity decreased by27% from 1973-1990. Elec-
shares in the service sector in the wake of the 1973 oil tricity intensity increased by 71%, contributing to the

shock was substitution away from oil to district heating resulting increase in primary energy intensity of 6%. in
and electricity. The share of oil in service sector Figure S-8, we show the trends in energy intensity after

delivered energy use dropped from 63% in 1973 to 20% correcting for climate. Since 1989 and 1990 were warm
in 1990. Over the same period, electricity's share grew winters, the graph reveals that the effective energy
from 23% in 1973 to 54% in 1990 while the share of dis- intensity increases were higher than the uncorrected
trict heating in service sector delivered energy grew data suggests. Delivered or final energy intensity
from 14%to 25%. decreased by 20%, while electricity intensity increased

These changes do not quite convey the effects of by 77% and the resulting primary intensity showed an
substitution for oil because of the substantial increase in increase of 13%. The increase in electricity intensity for

electricity use for appliances and other equipment heating/water heating, at 68%, was only slightly lower
(dr/fleD over this period. If we include only electricity than the electricity intensity for non-heating electricity or
used for heating and water heating, we gain a better esti- driflel, which was 76%. Useful energy intensity, calcu-
mate of the substitution for oil. In Figure S-6 we give the lated by assuming a conversion efficiency for fuels,

decreased 6% from 1973 to 1990.
fuel shares after discounting driflel. The share of oil was

76% in 1973 and 36% in 1990. Electricity's share went When it is available, energy intensity based on
from 4% in 1973 to 17%in 1990 while district hearing's floor area, or specific energy consumption, provides a
share increased from 20%in 1973 to 45% in 1990. Much more useful measure of structural changes in energy
of the increase in district heating arose as existing build- consumption over time because it is based on the physi-

in_s were converted. The use of electricity portrayed for cal characteristics of buildings. We used the SCB lokaler
space heating in Figure S-6 probably underestimates its statistics for 1977-1990 (SCB 1978-1991b) to determine
real role, as the bulge in the ratio of driftel to floor area the specific energy consumption by heating system. We
suggests a significant amount of secondary or hidden then used the SCB estimates of specific energy consump-
heating as well. Still, district heating became the main tion for different vintages to estimate the specific energy
replacement for oil as the primary source of consumption from 1970 to 1976. Figure S-9 shows the ,,
heating/water heating in the service sector over this specific energy consumption by main heating system.
period. Also shown in the figure are the aggregate useful energy

Figure S-7 shows the breakdown of service sector intensity and the intensity of electricity use for all build- .
floor area by type of main heating equipment. As in the ings. We do not show the specific energy consumption
previous figures, it shows the declining importance of for buildings with other heating systems or combination

oil heating and the increasing importance of district heating systems as this data is only available for a few
heating. However it also shows a dramatic increase in recent years.
the number of combination heating systems or secon- The trends in Figure S-9 indicate that buildings
dary heating systems in the service sector. Such systems heated with oil and district heat have experienced fairly
show up in the "Other" category and grew from only 3% steady declines in real energy intensity while electrically
in 1970 to nearly 20% of floor area in 1990. This category heated buildings have not. There are several reasons for
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these trends. One is that the efficiency of oil boilers tion properly. However, we suspect that a lack of atten-

improved over this period whereas electric heating has tion to potential energy savings in the booming 1980s,
no combustion losses on which to improve. A second fostered in part by relatively low electricity prices, is the

reason is that the use of temporary heating to supple- root muse. In any case, the structure of service sector

ment main heating systems. A third reason is the fact electricity demand needs to be better understood in

that our climate correction probably over-corrects to order to begin to reverse the trends of the 1980s. Figure
" some extent.Tl.isisbecauseservicesectorbuildingsare S-I0 shows the breakdown by end-use forthe service

occupied at different times and periods than in the sector according to the Vattenfall study (1990). Lighting
residential sector, are more varied in their occupancy represents roughly 29% of service sector ele_ricity use,

.. patterns, and are also more dominated by internal loads, heating accounts for about 16%, and other space condi-

A final, but perhaps the most significant reason, is that tioning such as motors, ventilation and air conditioning

the building upgrades and retrofits of the 1970s and account for 29%. Computers, food preparation, and

1980s were often applied to the older buildings heated "other" roughly split the remaining usage. Lighting and

by oil and district heat rather than to newer buildings space conditioning probably represent the best oppor-

heated by electricity, tunities for savings in the near-term. As more end-use
data become available for the service sector in Sweden,

3.4. Causes for Changes we can better gauge the relative changes in the structure

Two main trends dominated changes in the struc- of energy consumption.

ture of service sector energy consumption between 1970 The STIL-project (Statistical Investigation in Corn-

and 1990. The first was the large-scale substitution of mercial Sector) within Uppdrag 2000 included energy
district heating and electricity for oil in heating. The audits and interviews at 900 commercial sector build-

second is the rapid growth in other end-uses of electri- ings. The technical and economic potential was

city in the service sector, such as lighting and office estimated using a customer perspective based on 1991

equipment. Substitution for oil had the effect of decreas- prices and a 4-year payback limit for private building

ing delivered energy intensity and increasing primary owners, and a 7-year payback limit for official or public

energy intensity. If we separate changes between 1973- building owners. The study showed that roughly 80%

1980 and changes from 1981-1990, we discover that most of commercial buildings have cost-effective potential

of the improvement in delivered energy intensity under these conditions with an average payback of two

occurred in the first period while remaining fiat in the years. The average energy cost savings was 12%
second period. Furthermore, after correcting for yearly (Hedenstr6m 1991, Kruse 1992, HedenstrSm 1992).

variations in winter climate, oil use was fairly constant The STIL-project has also pointed to the important

in the second half of the 1980s, while diatrict heat gained behavioral and organizational aspects of energy conser-

slightly. The incentive to switch away from oil vation programs in the commerciai sector. The motiva-

decreased after the 1986 oil price collapse. At the same tion for energy conservation was found to be correlated

time, most of the increase in electricity consumption with some expected characteristics such as buildings in

occurred in the second period. The plateau in oil con- which the owner is responsible for activities and opera-

sumption and the flat curve for delivered energy inten- tions in the building. But the degree of motivation was

sity suggest that Sweden will not find energy savings in also connected to the presence of "fiery spirits," people

the service sector in the ways it has previously been who are actively interested in energy conservation.

doing so-that is to say, Sweden must now look for elec- Furthermore, there were other organizational attributes

tricity savings rather than switching away from oil to which made some groups much more active than others

achieve its savings in this sector, in promoting energy conservation measures, even when

. the economic incentives and physical constraints were

3.5. Prospects the same. It seems clear than these motivational aspects

Did Sweden become sloppy in the 1980s after must be taken into consideration when pushing conser-

. achieving some notable gains in the 1970s or did the ser- vation programs in the service sector. Ignoring such

vice sector simply grow faster than energy policies can characteristics can result in pushing programs where

keep up with? The aggregate nature of our analysis of they may mot be implemented or conversely, providing

the service sector prevents us from answering this ques- incentives where none were necessary in the first place.
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4. THE INDUSTRIAL SECTOR Production is measured in real value-added, in

With its rich endowment of forest and mineral 1980 or 1985 real SEK. Where data were available only

resources, Sweden has been a leader in heavy industry in 1985 currency, these were chained by industry back to

for centuries. As Sweden's economy was transformed 1980 using the overlapping year of 1980. The data

from rural to urban industries in the twentieth century, source is Nationalr/l_nskaper. Energy consumption data
come from lndustristatstik published by SCB and pro-however, an increasing share of the raw materials were

transformed into finished products, first quality steels vided by Hans Berglund of SCB. These include his

and paper, then vehicles, tools, complete houses, and unpublished estimates of the use of district heat by two-

electronics. This transformation has had an important and three-digit industry. The important exception is that

impact on energy use in manufacturing and other indus- of biomass data, which come from SCB's Br/inslestatistik.

try, as this section will show. These covered the years 1970-1990. Additionally, Stefan
Kornerud provided NUTEK's own processing of these

In our work we adopt several conventions to per- data for the years 1980-1990. For SCB data we built
mit ready comparison of trends in Sweden with those in worksheets in which we entered each kind of fuel in its
other countries. These conventions, which are not

physical units, then converted these to energy units (at

always the same as those used in Sweden, are explained conversion rates provided by SCB), then aggregated to
below: liquid fuels (including LPG), gaseous fuels (city and

• Manufacturing (tillverkning) includes all industries in oven gas, natural gas), biomass, solids (coal, coke, etc.),

ISIC 3 (International Standard Industrial Code, for most electricity, and district heating. These worksheets

industries the same as Svenska N_ringsgren Indeining, or matched the format of those provided by NUTEK. By

SNI 3). Our study surveys trends from 1970 to 1990, and comparing both sets we resolved minor discrepancies.

we have examined trends starting in 1960. Our study We also compared our work with a recent analysis by

breaks manufacturing in to ISIC categories 341 (Pulp Prognoskonsult (1993) and found little disagreement,

and paper [papper och massa]), 351/2 (Chemicals [Kemi- except that we estimated biomass use for the years

ka/er]), 36 (Non-Metallic Minerals [Sten och Jord], 371 1970-1975 using information provided by NUTEK,

(Iron and Steel [J_frn och St_], 372 (Non Ferrous Metals which they did not use.

[Icke J_rnhaltiga Meta/_]), lumping all the remaining Three important adjustments have been made.

branches into "other manufacturing". 1 Since estimates of district heating consumption by 2- or

• Other Industry includes mining (ISIC and SNI 2), pri- 3-digit ISIC branch, in thermal units, are not published,

mary industries (agriculture, forestry, and fisheries, ISIC SCB provided re-estimates of district h_ting use for

1 [jordbruk, skogsbruk, och risk,e, SNI 1]), and construction each industry, based on the published data on district

(ISIC 5 [by_gverksan_-t, SNI 5]). But lack of precise data heating expenditures. Second, after consultation with

on fuels used outside of the mining subsector before SCB and NUTEK, we agreed to use NUTEK's data on

1983, or indeed in the entire group of subsectors, pre- biomass, which agree with Br//nslestatistik but go back to

cludes any more careful analysis :'f these industries. 1970. Finally, blast furnace gas is excluded from "con-

Instead, they are treated primarily as _ residual from sumption" in industry, since it is produced through use

manufacturing .2 of coke that is already counted.

• We have attempted to count correctly the use of

biomass in the paper and other industries, and to distri- 4.1. Structure of the Manufacturing Sector

bute district heating consumption by 2 or 3 digit ISIC In 1970 industry contributed 36% of Sweden's

category using estimates made by SCB and NUTEK. GDP, of which manufacturing was responsible for 23%
and "other industry" for 13%. By 1989, these shares had

Previous experience Oriowarth el aL 1990, 1991) suggests that

breakdown nay cover mort, but not all of the important diminished by two points each. Overall activity in

tr_ds in energy int.msities anti ,tructur,1 chanse that can be manufacturing grew unsteadily, rising 6% above 1973
foundwithout8oin8 to a4- or 5-d_it level of classification.This is

levels in 1976, then falling back to virtually the same
because of the important role of paper and pulp, and some other

par_ of manufacturing in Sweden :,rid Norway. Making this level level as 1973 in 1981-82. Spurred by a 1982 devaluation
of analysis would be very _me consuming, and, difficult for of the krona, however, activity grew steadily until reach-

Sweden,becauseof the problemsof assigninguse of bionuss fuels ing a peak in 1989, then fell back 3% in 1990. Output in
in the paper industry. We did find that aggregating chemical sec-

tors351 and 352for compatibility with other countriesonly hidesa !989 lay at only 20% above its 1973 level, a somewhat
small shift betwmm the forma_ and latter of these subsectors that lackluster performance for a major manufacturing nation.
producede_fectsonly 5%as largeas those measuredwhen thesec-
tot'swere combined. These developments were spread unevenly

2Mining is carefully documented, but the other industries among manufacturing's subsectors (Figure M-l). The

disappearinto'H_l, y.erv_, ram"befor_1983. share of activity in 1981 from paper and pulp was virtu-

ally unchanged from that in 1973, while chemicals grew

4-1



NLrrEK/Lawrence Berkeley Lab Energy Use in Sweden/Schipper-lES

significantly and non-metallic minerals, ferrous and that was based on fuels for heating.

non-ferrous metals fell back somewhat. By 1989 ferrous Manufacturing energy intensities declined in

metals had actual risen to a higher share of activity than Sweden. Measured as delivered energy per SEK (1980)
in 1973, paper and pulp expanded as well, and chemi- of real value added, the intensities of four of the five

cals continued its upward trend, while the two other "heavy" branches declined precipitously between 1973
heavy branches continued to lose share slowly. Taken and 1989, as Figure M-3 shows. The intensity of remain-
together, these five energy-intensive subsectors increased ingindustrydeclinedby only10%.(Theupturninsome

their share of manufacturing value4dded, from 23.7% in branches in 1990 appears to be an effect of the decline in

1973(in 1980 prices) to 24.0 % in 1989. This small change activity and capacity utilization.) In primary energy, the
may seem unimportant, but It is unusual for OECD coun- declines were smaller; non-ferrous metals and non

tries, most of which experienced declines in the share of energy-intensive industry actually saw an increase in
energy-intensive manufacturing, energy. The difference between primary and delivered

intensities arose because electricity intensities increased
4.2. Fuel Mix and Energy Intensities in two branches and fell less in the other four than did

The manufacturing fuel mix in Sweden fuel intensities, as Figure M-4 shows.
underwentan important transformation in the period

we have studied, as Figure M-2 suggests. Whereas oil 4.3. Evolution of Energy Efficiency and Energy Sav-
provided nearly 47%of the delivered energy in 1973, its ings
shareshrankdramaticallyinthe1980sfrom37% in1980

to15.5%in 1989.The fuelswiththelargestincreases 4.3.1.AggregateMeasures

were biomass and coal,but districtheatingalso Aggregateenergyintensityin manufacturingin
increased to 3% of delivered energy. Electricity use also Sweden fell 28% between 1973 and 1990, while that for

rose dramatically, from slightly over 21% of delivered primary energy fell by 11%. As suggested above, the
energy in 1973 to 37% in 1989. While the trend towards fact that electricity intensities fell only slightly or even
electricity existed before 1973, the trend away from oil increased (Figure M-5) lay behind this important differ-
was a break with the past. ence. Aggregate electricity intensity increased.

Sweden experienced an important phenomena, Since reducing dependence on oil was an impor-
growth in the use of electric boilers (avh_plingsbara pan- tant goal of Swedish energy policies expressed
nor). This appears to have been a factor in reducing oil throughout the 1970s and early 1980s, it is interesting to
use in later years. By 1990, these were responsible for see how well this goal was achieved. Oil use in Swedish

9.5 PJ of delivered consumption of electricity (out of 185 industry fell by 74%between 1973and 1990. Oil intensity
PJ), up from 4.5 PJ in 1983 and only I PJ in 1981. If they fell 78%.
replaced oil in oil-fired boilers that had provided heat at

85%efficiency, implying a savings in fuel of about 11 PJ 4.3.2. Decomposing Changes
in 1990 through this electric substitution. If we compare
these "savings" with the total use of fuel (including We can explore the changes in manufacturing
wood wastes), we find they amount to 1.5% in 1983, ris- energy use with Laspeyres indices. Holding the mix of

fuels and activity and individual energy intensities con-ing to over 3% by 1989. But if we compare only with oil
stant at their 1973 levels, we find that manufacturinguse, we find the heat supplied could have replaced 4%

of oil consumed in industry in 1983, close to 7%in 1988, energy use rose 22.5% because of changes in activity

and nearly 16%in 1990. This substitution is not negligi- alone between 1973 and 1989 (Figure M-6). Changes in
ble, but still small compared with the total reduction in the individual energy intensities decreased delivered
oil use. Similarly, the use of electricity for boilers is energy use by 22% (Figure M-6) and primary energy use
never more than 5% of total electricity consumed in by 12%. A sharp decline in delivered energy intensities

2n1974 was reversed when manufacturing activity fell inindustry. Thus direct substitution of electricity for fuel

in interruptible boilers, while not negligible, is neither a the mid-1970s, but intensities began to fall again in 1979, .
and the pace quickened. This decline was centered onmajor use of electricity nor accounts for a major portion

of the decline in fuel intensity, oil use, the intensity of which declined by 77% (holding
the mix of activity constant at 1973 shares).

Indirect substitution of electricity for fuels, mostly
Structural change, which increased slightly theoil, also took place. The rise of electric steel making and

role of the five energy-intensive industries in the mix ofmechanical or thermo-mechanical pulping processes in
Swedish industry, electric paint drying in automobile manufacturing, also boosted energy use in Swedish
manufacturing, and other processes led to an indirect manufacturing. Holding energy intensities constant,

structural change left delivered energy use at virtuallysubstitution of an electricity-intensive process for one
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the same level in 1989 or 1990 as in 1973 (Figure M-6), with the increase in the share of low-priced electricity

and boosted primary energy use by only 1% over the moderated and almost offset the overall price increase.

same period. Oil use fell 1% because of structural
change. The "winners" in this shift were wood and elec- 4.4. Causes for Changes

tricity, representing the important gains made by indus- The structural changes that increased slightly the

tries relying on these energy sources, importance of energy-intensive materials in Swedish

The 1989 or 1990 values for all energy hide much industry were rooted in continual growth in exports of

larger fluctuations, however. Contraction of energy these materials, particularly forest products. At the same
intensive industries reduced manufacturing energy use time Swedish firms succeeded in increasing the share of

in 1975 by a full 8% over 1973 levels. The 1978 devalua- pulp turned into paper for export, rather than being first

tion led to a recovery in heavy industry, however, by the dried and exported as raw pulp. Indeed, the govern-

early 1980s. ment promoted two important devaluations of the krona
(1978 and 1982) to foster these exports. On the otherThe structure of Swedish industry is complex, par-

ticularly in the branches of paper and pulp and forest hand, these devaluations could not totally compensate

products. Aggregation of certain subsectors may cloak for Sweden's high wages. As a result, Sweden has

some structural change in the form of changes in intensi- attempted to boost its high-tech manufacturing. Should
this strategy succeed in the future, we might expect theties. The production of paper (ISIC 3412) in 1987 was
mix of industrial activity in Sweden to shift away from50% higher, in tonnes, than it was in 1973, while the pro-

duction of all kinds of pulp flSIC 3411) rose by only 7%. raw materials.

Since paper has a higher value added than pulp, this What caused the decline in energy intensities in

change itself reduced energy intensities, in MJ/SEK, in Swedish industry? Higher oil prices certainly stimu-

the combined paper and pulp sector, ISIC 341. Problems lated both the overall decline in fuel intensity in general

measuring energy use in these four digit sectors, how- and the backout in particular (Figure M-7). Comparison

ever, precludes an exact calculation of this effect. The of our study with EK (1967) and EPU (1974) as well as

aggregation of basic chemicals (ISIC 351) and finished private calculations from Vattenfall show a long-term

chemicals (ISIC 352), which was done to make Swedish decline in energy intensities, using either physical or

data compatible with those from other countries, might monetary units to measure activity. But electricity inten-

also hide important structural change. In this case, how- sity was not declining, and indeed was rising slowly in

ever, we found that the slight increase in the share of some industries. The oil crises of 1973 and 1979 should
ISIC 352 in the combined total for this industry itself best be seen as accelerating these long-term trends. But

decreased the energy intensity of the aggregate by only the pressure from higher oil prices was offset by fiat

7%, while the intensities of the two components electricity prices and access tobiomass.

decreased by 35% and 69%, respectively, and the aggre- Other forces contributed to the accelerated decline

gate intensity declined by 35%. Thus the effects of in manufacturing energy intensity. Government efforts

aggregating two branches of chemicals, while not negli- to foster improved efficiency focused on aiding smaller
gible, were still small compared with changes in all sized firms in the short term (in the late 1970s), and on

other energy intensities, increasing R&D into new processes into the longer term.

Energy prices for Swedish manufacturing Additionally, funds were available for switching away

behaved in different ways. Heavy and light oil prices from oil. Finally, there was increased pressure in

shot up and lay significantly higher in 1990 than in 1973, Sweden to remain competitive in the markets for energy

mostly because of taxes. For example, in 1990 heavy oil intensive steel and paper products, in part by cutting

lay at nearly 3 times its 1973 real value. Prices for coal energy costs. Certainly these forces all contributed to the

lay at nearly 1.5 times their 1973 value in the late 1980s, drop in energy intensities.

but this fuel was only important in steel and a few other
industries. "Prices" for other solid fuels are not defined, 4.5. Prospects for Energy Use

since tI_ey are comprised mainly of wastes gathered in The prospects for energy use and efficiency in the

the paper making process. Prices for electricity manufacturing sector are clouded by the deep recession

increased by only 15% over this period, fluctuating both of the 1990s. This recession was accompanied by a slow

above and below the 1973 level before rising per- down in the rate of decline of energy intensity, due both

manently in 1983. This stimulated some of the substitu- to low capacity utilization and a slow down in invest-

tion of electricity for oil, particularly in temporary ment in new technology, much of which reduces inten-

boilers (avkopplingsbara pannor). Thus, while Swedish sity. The industrial downturn of the 1990s is very deep,

industry bore a particularly heavy burden of higher oil and may have profound affects on the structure of
prices, the large reduction in the use of oil, combined
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Swedish industry. We believe that the present recession thereby reducing the aggregate energy intensity of
will affect heavy industry (steel, chemicals) where industry.

Sweden has less of a natural advantage more than other Recent relaxation of the higher energy taxes on

branches (paper and pulp) where the advantage is clear, industrial fuels, particularly oil, should further the rate
At the same time, the de facto devaluation of the SEK in of decline in energy intensity, although the decline
1992 and 1993 against the US Dollar and DMARK mean should accelerate at the end of the recession, lntroduc-

that Swedish engineering products, plagued by high tion of competition and trade into the electricity markets
labor costs, will gain significant advantage over those of may have a downward affect on electricity prices in the
other countries. The overall effect could be to both boost short term, but increased interest in trade with countries

the demand for Swedish finished products over that for where prices are higher (i.e., in the EEC) might lead to

raw materials and to boost domestic demand for higher electricity prices. These changes may ultimately
domestically made products, by raising the cost of ease pressure for increased substitution of electricity for

imports of finished products. This change will reduce oil and lead to more pressure to improve efficiency of

the importance of energy intensive industry in Sweden, electricity use.
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Manufacturing Energy Use in Sweden
Real Value Added_y Sub-Sector
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Manufacturing Energy Use in Sweden
By Industry Group
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Manufacturing Energy Intensity in Sweden
Delivered Energy by Industry Group
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Manufacturing Electricity Intensity in Sweden
By Major Industry Group
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Real Energy Prices in Sweden
Manufacturing Sector
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4.6. Other Industry_ Agriculture, Mining and Con- The mining sector accounted for 13.4 PJ of
struction deliveredenergyin1990,representinga 35% dropsince

Among themore significantnon-manufacturing 1973. Much of thisdrop is due to the declining
industriesarethreesectorswhichwe considerunderthe economicactivityoftheminingsector,whose GDP has

fallen22% relativeto1973.Giventheenergyintensivecategory of other industry: agriculture, mining and con-
struction, a Other industry accounted for about 11% of and oil-intensive nature of the mining sector, these

• GDP and 6% ofdeliveredenergyuseinSwedenin1990. trendsare not surprising.Oil consumptiondropped
The breakdown of this contribution itself is shown in over 50% from 1973 while electricity consumption

Figure O-1, which reveals the dominate role of construc- increased by 12%. This has resulted in a drop of 17%in
delivered energy intensity. We do not expect mining totion. The delivered energy consumption of this sector

totaled61 PJin1990,asshown inFigure0-2,up from declinemuch furtherinthenear-term,however,given

59.2PJin1973.PrimaryEnergyuselayat88PJin1990. the rapiddeclinealreadyexperiencedin a country

Uses for agriculturedominatethe picture,but,with which has a substantialendowment of important

referencetoFigureI-4,stillonlymakes up lessthan3% mineralssuchasironore.

offinalenergyuse.Overtwo-thirdsofdeliveredenergy The constructionindustryposessome difficulties
inotherindustryisforoiland petroleum-basedfuels,as becauseofthelackofdataon theconsumptionoffuels

shown in Figure0-3. Unlikemany manufacturing inthe1970s.Notingthatthelevelofoiluselaycloseto
industries,thedemand foroilinthesesectorsisrather 3.33timesthelevelofelectricityuse foreachyearafter

inelasticbecausemuch of the equipmentconsistsof 1983,we estimatedoiluse before1983usingthiscou-

heavy mobile machinery like tractors and construction piing with electricity use. Using this approximation, oil
equipment which can use only fuels. Consequently the rose slowly from 8.5 PJ in 1970 to 10.3 PJ in 1982. Based
trend towards electrification found in manufacturing did on these rough estimates, delivered energy consumption
not occur here. was about 15 PJ in 1990, an increase of 30% relative to

The agricultural sector consists of ISIC 11-13 and 1973. Oil consumption drove this increase, since it
includes forestry and fishing in addition to farming, represents 80% of delivered energy in the construction
Value-added in agriculture has not increased sector. Value-added grew by 27%, so that energy inten-

significantly in the last two decades, with its 1990 level sity actually increased slightly over this period.
only 14% higher than its level in 1973. Consequently, Figure 0-4 summarizes the main trends in the
energy consumption has exhibited only a slight upward other industry sector. We show the impact on energy
trend with a 1990 level that is 22% higher than in 1973. use of changes in activity, changes in energy intensities
Delivered energy consumption was 32 PJin 1990. of the three subsectors, and changes in the shares of the

The delivered energy intensity of the agricultural three subsectors, which varied significantly. It can be
sector has not changed significantly over the entire seen that activity changes increased energy use after
period of our analysis. One of the reasons for the fiat 1982. Changes in delivered intensities first increased

curve of energy intensity is the low rate of economic overall intensity significantly, but this changed reversed
growth in the sector. There was a slight decrease of 12% in the late 1980s, leaving a small decline in sectoral
in the energy intensity of oil in the sector and consider- energy use. The effect of changes in intensities on pri-
able growth in electricity intensity over this period. The mary energy was more marked, and resulted in a slight

normal turnover of equipment likely contributed to the increase in energy use. Changes in the structure of the
decrease in fuel intensity. At the same time, substitution other sector reduced delivered energy use by 15%

tended to be among fuels, with gas and biomass gaining between 1973 and 1990.
fuelsharesbetween1973-1990.We expectthistrendto

continueinthenearfuture,giventhestructureofenergy

consumptionintheagriculturalsector.

3 Agr/cultureincludesforestryand_heries(ISIC11-13).
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Other Industry Energy Use in SwedenReal Value Added
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5. ENERGY USE FOR TRANSPORTATION: THE TRAVEL SECTOR

Analyzing energy use for transportation is (LIN)directly(Olemyr1990-1992).

difficult because the data are so poor: Fuels used for Sources for data on energy use by mode are SIND
transportation are not always singled out by either the i977 (actually carried out by Viiffuerket)covering 1970-
oil industry or SCB as transportation fuels. That is, non- 1976, and TPR (1989-1991) for the years 1980 and 1983-

. road use of gasoline and diesel fuels are included in the 1989. Some partial information was also provided by
historical data from 1970. Also, marine and rail fuels are V_'g- och Tra/ik- lnstitutet (VII) (Swahn 1991, 1992a,
not separated as such. But more difficult is the impor- 1992b; J6nson 1993; hereafter referred to collectively as

tant split of gasoline and diesel fuel into use in automo- VTI 1991-1993). Because there are no time series split-
biles, light trucks, heavy trucks, buses, and other vehi- ring electricity use into that for freight trains, passenger
cles. Work done in the 1970s (SINE) 1977) made impor- trains, and local transit/metro, we used the split pro-
tant advances in disaggregating this data, but was then vided by SIND 1977 to estimate the freight/non-freight
only carried out for certain years in the 1980s (Wajsman breakdown for the entire period under study. But we

1989), and never really published. Official energy stu- did not attempt to split the non-freight consumption into
dies, by that time preoccupied with issues surrounding a part for transit and one for rail. Electricity is separated
electricity (EK 1978, etc.), simply glossed over important from fuel use for railroads. In aggregation with fuel, we
details of the use of fuels for transportation. Cons_ count electricity both at its delivered and primary
quently, we were forced to piece together information values.
on energy use for transportation in Sweden. The appen-
dix explains the tortuous procedures we followed and For all modes, we made our own estimates for
assumptions we made. years not covered by data provided. These were usually

estimated by multiplying published activity levels by
One set of control figures are available from our interpolations of energy intensities. For air travel

NUTEK (1970-90) and SCB (1973-1990). These account
energy use, we obtained data from SAS and LIN

for fuels by type, not by main transport mode, and directly, which was matched to the SIND 1977 data and
include more than just transportation fuels. Moreover, used for the latter part of the 1980s. SIND 1977 and TPR
they are not disaggregated by mode, i.e., automobile, (1989-1991) provide some information on fuel use for

bus, truck, passenger rail, etc. The more detailed bai- shipping, recreational boats, and a variety of other vehi-
ances from SCB after 1983 permit better disaggregation cles (snowmobiles, etc.). After assigning diesel and
of gasoline, diesel and heating oil into transportation gasoline to the major modes, we calculated the residual

and other sectors, but not by mode. Nevertheless, these for each fuel. For gasoline, the residual lay at around 5%
provide a useful check on our calculations. Figure T-1 of use, but for diesel this figure was higher. We suspect
shows our tentative division of transportation energy that SIND 1977 underestimated the use of diesel by
use into its main components: travel, freight, interna- trucks (covering the early period).
tional ship bunk_-_'s,and a residual. Bunkers, shown in

The following analysis discusses travel-relatedFigure T-l, are counted separately and excluded from
our analysis. The residual is the difference between energy use only. Energy use for freight is covered in a

those uses we have assigned and the total quantity of subsequent section. In this section, traffic is measured in
gasoline, road diesel, heating oil, and marine diesel vehicle-km, and travel in passenger-km. Fuels are con-

verted from volumetric to energy units at rates given bydelivered to transportation. This residual consists of
SCB: 32.2 mJ/l for gasoline and 35.58 mJ/1 for dieselthree main components: fuel for the military (both air
fuel. Vehicle intensity means fuel per kilometer of traffic,and land-vehicles), aviation gas and jet fuel for civil avi-

while modal intensity means energy use per passenger-ation and international air travel, and small amounts of
kin. The number of cars is "antal b_ar i trafik" as defineddiesel and gasoline that we could not account for in

ground transportation, water transportation, or pleasure by SCB and discussed in Jansson, Cardebring, and
boating. Given that most of the residual is military fuel Junghard (1986). Air travel includes domestic scheduled
or fuel for international air travel, we believe that the flights, and excludes civil aviation.

residual shown is acceptably small. 5.1. Structure of the Travel Sector

In this work, the main activity data for travel (in Travel in Sweden is dominated by cars. Car own-
vehicle-km and passenger-km) come from the former ership passed 250/1000 in 1970 and climbed for most of

Transportr_let, (TPR)(Wajsman 1989;TPR 1990;Eriksson the period we studied, although there were periods of
1991; hereafter referred to collectively as TPR 1989-1991), stagnation, as Figure T-2 shows. Also clear from Figure
for rail activity from TPR (1989-1991) and SCB, and for T-2 is that increased car ownership drove increased
air activity from TPR, SCB, and both SAS and Linjeflyg travel. Cars in Sweden are heavy by international stan-
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dards, and their weight (and horsepower) increased centage share of the total travel dropped by 2% while

slowly during the 1970s and 1980s. Over80% of indivi- the percent of the total contributed by air travel
duals have access to at least one car, and 20% have two increased by the same amount.

or more (Biiindustrif_reningen-AB Bi]statistik 1991). In
5.2. Fuel Mix and Energy Intensifies

other words, Sweden is a motorized and mobile country.
The fuel mix in the travel sector changed very lit-

To understand how the rise in per capita travel by fie between 1970 and 1990. Diesel played a very small •
mode (Figure T-2) is distributed, we show the shares in

role in automobiles, comprising approximately 4% of
Figure T-3. The car's dominance is clear. The figure for

automobile fuel (by energy content) in 1973, rising dur-

total travel by car presented by TPR (1989-1991) agrees ing the early 1980s as fuel prices rose in general, then
with that indicated in the major travel surveys (RVU

1978; RVU 1984/85), after the 1984/5 survey is adjusted falling back. Diesel fuel dominated that for buses, but

to remove activity by bus and truck drivers and include played a very small and diminishing role for rail. Avia-
travel by those under 15 or over 74 0Najsman 1993). Yet tion gasoline was significant in the early 1970s, but by

the late 1980s, virtually all scheduled air travel was
this figure depends on both the total traffic (in veh-km)

based on jet fuel, with aviation gasoline used primarily
and the load factor, or number of people per car. The

for private aviation. Since cars and jets rose in overall
former is uncertain, as new estimates of travel per car

importance, this meant that gasoline and jet fuel made
developed by VTI (1991-1993) lie well over the figure we
use herein, about 14 500 kin/year. Additionally, the up an increasing share of total oil use. Ethanol and other

alternative fuels only began to appear in the late 1980s or

load factor, or number of people per car, must be early1990s and are not significant.
estimated. The ratio of trips or travel by both drivers and

car passengers to trips or travel by drivers yields an esti- Figure T-4 shows the modal intensities of four

mate of the load factor of only 1..35, very low by any modes, and the vehicle intensity of automobiles. Energy

standards. This figure was assumed to be much higher intensities for all modes except air changed little in

by TPR, closer to 1.7. Moreover, TPR assumes only a Sweden. This in and of itself is surprising, given the two

slight decline in developing their automobile travel esti-, significant oil price shocks. The vehicle intensity of

mates for the 1970-1989 period. Other observers CVTI automobiles rose in the late 1970s, because the momen-

1991-1993) suggest that load factor may have fallen from turn of increasing car size, weight, and performance was
as much as 2 in 1970 to below 1.6 in 1990. If VTI's not slowed in the first years after oil prices skyrocketed.

assumptions were correct, then automobile travel would The Swedish fleet of gasoline automobiles

start at a higher level than we indicated for 1970 but required 10.6 iiters/100km in 1973 (SIND 1977), a figure

grow less rapidly. This issue is important for both his- that rose slowly to a high of 10.8 liters/100km in 1980
torical analysis and for considering future directions in (TPR 1989-1991). We used the same values for 1978 and

mobility But we cannot resolve the issue at this stage. 1979, surmising that during these years the intensity of

Until these uncertainties are clea_n_ up, we will use the new cars began to drop. From 1980, then, fleet vehicle

long-standing figures of TPR (1989-1991) for both auto- intensity declined, to slightly over 10 liters/100km in

mobile tmffic and automobile travel. 1989 (TPR). The intensity of diesel vehicles lay at

Complementing travel by cars is that by collective around 8.7 liters/100 km in 1973 (SIND 1977), drifting
land modes (rail, local transit, and bus, and domestic downward slowly to 8.2 liters/100 kin, where it lay stag-

air). The role of rail or transit and buses changed little nant (TPR). The combined fuel intensity of automobiles,

during the period we studied. These shares rose briefly expressed in energy units, moved from 10.6 liters/100

in the wake of the two oil price hikes (1974-75 and 1979- km in 1973 to 10.8 liters/kin in 1980 and fell back to

82), but fell back in the late 1980s, although buses still 10.06 liters/100km by 1989, an overall decline between
carried a larger share of total traffic in 1988-89 than they 1973 and 1990 of only 6% but a fall of around 10% from

did in 1990. One reason may be the abandonment of a the peak years of 1978-1980. Combined with a slowly

number of local rail lines, particularly those with diesel falling load factor, this change caused the modal inten-
rb.lsbuss, that cut across or branch out from the main sity of automobiles to rise until the early 1980s, then fall .

north-south lines in Sweden. But while the role of col- slightly, showing a decline of 3% in 1990 over 1973.

lective land travel stagnated, that for domestic air travel Modal intensities for bus and rail showed the con-

rose, and total domestic travel rose nearly five-fold verse behavior, falling during the high price years (early

between 1973 and 1990. Sweden's great distances 1980s) as ridership was up, then rising slowly in the late

explain in part why air travel is popular. Incentive fares 1980s. Still, the energy intensities of these modes in 1990

(rSda avgangar) and higher incomes also stimulated this lay slightly below their levels of the early 1970s.
increase. As a result of all of these changes, although

automobile travel increased on a per capita basis, its per-
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The most surprisingperformer among thetravel Applying theLaspeyresindicestothe structureof

modes was airtransport.Using data from SIND 1977 as energy,use fortravelinSweden yieldstheresultsshown

well as from SAS/LIN (Olemyr 1990-92),we estimate in FigureT-7. Changes inactivityalone caused a 30%

that the intensity of passenger air travel lay around 4.2 increase in energy use. Changes in the share of modes,

mJ/pass-km in 1973. In spite of phasing out most pro- holding the level of travel and modal intensities constant

Pellet traffic in favor of jets, the intensity of air travel at 1973 values, caused an increase of 5% in energy use
. sank to 3.5 mJ/pass lan in 1980 and continued down- by 1989. Changes in the intensities of the individual

ward, reaching a low of 2.80 mJ/pass-km in 1990 for the modes caused a very small decline in energy use of 3%

combined efforts ofSASand LIN. between 1973 and 1989. if we counted primary energy

From the intensifies and levels of activity we can use, this decline is the same, because the share of electri-

estimate total energy use for each mode of travel. Figure city, which affects the primary/delivered energy ratio,
T-5 shows our results. Automobile fuel use in 1990 lay changed very little from its low value.

about 25% above its 1970 value. Increases in traffic or Thus we see that very little energy was saved in
travel were far greater than the small reductions in the travel sector in Sweden. To be sure, vehicles became

respective intensities. Total use of energy for buses or more efficient. But most of the improvements in auto-

rail travel was also higher than 1973 values, because of mobile efficiency were offset by increases in power or

increases in traffic on these modes as well. Total fuel weight. Figure T-8, for example, shows the six-fold

used by air travel was up sharply by the late 1990s over increase in the share of cars in the two largest weight

its value in 1973, but the growth was cut sharply by the classes. Small improvements in the efficiency of rail

decline in modal intensity of nearly 5(_o. probably occurred as well, as with buses, but load fac-

tors did not show major improvements, hence there was
5.3. Evolution of Energy Efficiency and Energy Sav- little change in overall modal intensities.

ings The dramatic improvements in air travel were

caused by a variety of factors. First, load factors

5.3.1. Aggregate Measures increased. There were more seats per aircraft and, more

The ratio of domestic travel to GDP, shown in Fig- importantly, a large share of these were occupied. Our

ure T-6, indicates that travel kept pace with the growth data indicate that seats/aircraft increased from 33.5 in

in the economy. 1 Aggregate travel energy intensity fell 1973 to over 60 by the end of the 1980s. The share occu-
by only 4% between 1973 and 1990. This reflects the pied rose steadily from 54% in 1973 to nearly 64% in

very small gains made in the dominant mode, automo- 1989, alone permitting nearly an 18% decline in modal

bile travel. The large decline in air travel intensity is energy intensity. Thus, while load factors (and power or

almost invisible in this aggregate statistic, because of the size) acted to offset energy savings of automobiles, and

small share of air travel. To understand the components had very little net impact on energy use for bus or rail

of this aggregate behavior, we turn to our travel, these factors permitted an increase in aircraft per-

structural/intensity analysis, formance (through substitution of jet for propeller air-
craft) and resulted in a significant energy savings. Addi-

5.3.2. Decomposing Changes tionally, actual aircraft engines and other features that
influence energy use improved significantly (Schipper,

Three factors drive changes in energy use for Meyers et al. 1992; Greene 1992), leading to even greater
travel: Total activity (passenger-km), the mix of modes,

and the energy intensities of each mode. We tested savings than from operations.

these changes in travel-related energy use in Sweden
5.4. Causes for C'hanges

between 1970 and 1987 using both the divisia and

" L'lspeyres indices (Schipper, Steiner, Duerr, An, and Why are Swedes more mobile in 1990 than in the
StT06n 1992). Both techniques give the same result, early 1970s? Certainly higher incomes permitted greater

showing how much change in one factor results in automobile ownership and more travel. Increase in the

• change in total energy use. The three components of number of women in the workforce increased both

change represent growth factors; they can be compared travel and car ownership and use. The shrinking house-

with base-year energy use to calculate the absolute hold size, led by a dramatic increase in the number of

change that occurred from any one factor alone. 2 single-person households, had an indirect effect on the
load factor in cars, since more trips that might have been

I Sinceoverseastravelincreasedmore rapidly,this meansthat
l_gureT-6underest_natesgrowthin totalmobilityof Swedes. uncertaintiesin the 1990structureof travel-relatedenergyuse. we

2 Itis importantto realizethatthe estimatesof changes inener- performthe analysisherethrough1989.
gy use arisingfromeachcomponentdo not add. Becauseof some
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taken by couples were taken by two individuals. This What lay behind these increases in car weight and
meant that more traffic was required to provide a given power, which seem to belie the increase in fuel prices?
amount of travel. And much anecdotal evidence sup- Tabulation of Bilregistret (SCB 1992b) shows that the
ports the proposition that Swedes became increasingly average power of a company-owned car in 1981 was
suburbanized in the 1970s and 1980s. Even if transit sys- approximately 69 KW, while that for cars owned by
terns such as that in Stockholm continued to carry nearly "physical persons" (including private personal corn-
half of all trips to work, expansion in travel for other panies such as consultants' own companies)was only 59 "

trips led to increases in car use (Resvaneunders6kningen KW. Since company cars are much newer than those in
(RVU) 1978, 1984/85). Finally, the extension of paid the stock in general, this comparison is a bit distorted.
vacation time to around six weeks and liberalization of But comparisons for new cars, as shown in Figure T-9,
shoppinghoursintheeveningsand on weekendscer- arerevealing.Between1981and 1991thepowerlevelin

tainly permitted, if not encouraged, more activities new cars increased, with that for company cars increas-
requiring transport modes that were traditionally served ing by a greater amount than that for private cars. By
by the automobile. 1991 the average new company car was 8 KW more

Opposing this trend were higher fuel prices. In powerful than a "private" car, a gap that had widened
the year following the first oil shock travel fell, Particu- from only 6 KW in 1988. Since company cars
larly that in cars, but it sprung back by 1975. The same represented approximately 33% of the mew cars in 1991
thing occurred after the oil shock in 1979; this time the (and 10% of the entire stock), their efi_ct is not negligi-
drop was small but lasted four years. Since that time, ble. Moreover, the fact that the company car share of
travel has increased steadily until 1990, when prices new cars is more than twice the share in the whole stock
skyrocketed again as a major tax shift raised the price of means that company car policies lead to a "flooding" of

fuel in Sweden. However, the overall price changes the used car market, a private car market, with cars
were small during the 1970-1990 period. By 1982 real larger than those normally purchased by private per-
gasoline prices had reached their highest point, 4.89 sons. 3 The share of company cars in the stock lay at 8%
SEK/liter in 1985 SEK, about 50% higher than their 1973 in 1976 (excluding those owned by private companies),
value, and higher than even the 1990 value after the tax and about 17% in 1985 (including private companies),
increase. Overall, prices in the late 1980s had declined, decreasing slightly thereafter. It appears that the popu-
By 1989, just before the fuel tax increase, it cost about larity of company cars in the new-car market kept the

20% more for the fuel required to travel one kilometer, average fuel intensity from falling more than it did until
in real terms, than in 1973. This was the lowest in a the mid-1980s, while the stagnation in fuel prices in the

decade, but still substantially higher than before 1973. late 1980s then provided a "floor" for new car fuel econ-
Why didn't the vehicle intensity of cars improve more? omy. But new company and private cars sold in 1990

and 1991 were more powerful than those in previous
The answer may liewith company car traditions. years. Reversing the momentum of the trend to more

Car ownership, use, and power was boosted by corn- powerful cars in the new car market will take time!
pany car policies that permit employers to provide cars
as compensation, often with all fuel and sometimes even The changes in the characteristics of new cars

insurance provided as well. The employees pay a nomi- have an important interpretation. Since the ratio of
nal tax on this "income" that is indirectly related to the power to weight increased, the performance and
size and features of the car but not related to its use. acceleration of Swedish cars increased. More important,

Essentially company cars are "zero marginal cost" cars. the ratio of test fuel consumption to power (in KW) fell
The company car policies in Sweden encouraged both 26% between 1981 and 1991. This is a sign of improved
greater ownership and travel and permitted those with "efficiency". What happened is clear: the improvements
company cars to own larger, more powerful cars (Carldn in automobile technology were directed primary at fuel-
1991;Wa111991). ing heavier and more powerful cars. The overall

efficiency improvements nevertheless permitted a small
Figure T-9 shows indicators of new car weight decline in the fuel intensity of new cars, which in turn

and Power for the study period. The increases in both was reflected in a decline across the entire fleet.
indicators are dear. Weight has increased steadily, and
even increased after the fuel tax increases in 1990. The

ratio of fuel intensity to weight in the stock fell 21% 3 As of thiswriting SCB has not yet disaggregated the hor-

between 1981 and 1990, and the ratio of fuel intensity to sepower of "private cars" into those Wuly private vehicles and

Power fell by more, indicating a true improvement in thoseregistered to "privata fdretag"or private companies.There-
fore the figures shown here may underestimate the company

fleet efficiency. But power grew faster than weight, car/private car gap.

yielding greater performance.
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While the company car effect was certainly a 19b'9-1991 indicate that both weight and horsepower
prominent influence on the ownership and characteris- continued to increase. Moreover, value-added tax was
tics of cars, the government did encourage lower fuel added to domestic travel in 1990, adding to the effects of
intensity through its 0235 Program, which took effect recession in ushering in a slowdown and then downturn
with the 1978 model year. This program had as its goal in air travel in particular. Because this came at a time
the voluntary achievement of a sales-weighted average when competition was being introduced into the domes-
fuel intensity for new cars of 8E, liters/100 kin, starting tic air market, it is likely that load factors the individual
at a level of 9.3 in 1978. The goal was achieved, accord- airlines achieve will fall until traffic volumes pick up.
ing to figures tabulated by the automobile industry and This means that the ratio of energy use to travel in

Ministry of Commerce and published in B///smen i Sweden may not drop in the very near term.

Sverige (Bilindustr_reningen-AB Bilstatistik 1992), In the longer term, however, higher fuel prices,
although the low point, 82. liters/100 km, was reached increased intercity bus service and recent introduction
only in 1987, after which the average moved back to 8.3 and subsequent popularity of high speed rail, the X-
liters/100 kin. As we note above, however, our best 2000, should lead to a reco_,ery of the share of intercity
estimate of "real" (iz., on the road) fuel intensity lies at traffic carried by rail and bus. Transportation infrastruc-
around 10 liters/100 km in 1990. Since independent sur- ture programs, such as the Dennis-Paket, should also
veys (KOV 1988 and earlier years) confirm that the relieve some of the strain on local traffic arising from
actual fuel intensity of new cars is close to that which is automobiles, another factor promoting use of rail and
"declared" as the basis for the 0.85 Program (Schipper, bus. If tax subsidies to commuting are eliminated, the
Steiner, Duerr, An, and S_ 1992), this means that way people commute to work, and, in the longer run,
either our estimates of fleet fuel intensity are very far off, where they live, could be affected.

that the impact of new cars in the stock is simply Coupled with these likely shifts are the real possi-delayed, or that the mix of cars used in the "weightings"
for the 0.85 Program do not reflect extra equipment or bilities that Sweden's car buyers will assume a larger

share of their costs of motoring if company car schemes
more powerful motors taken as options. The quantita-

are restricted. This will most certainly mean that carstive issue of real fuel economy must be resolved before a

judgment can be passed as to the effectiveness and bought in coming years will be lighter and less power-
impact of the 02k5 Program, higher fuel prices, or other ful, challenging Sweden's domestic producers to make

safe and efficient cars that are smaller and lighter thanstimuli in encouraging or discouraging lower fuel inten-
sity. today's flagships. That is, the market for more energy

efficient cars will be strengthened. Consideration of
Other policies also encouraged travel in Sweden. new registration taxation schemes that reward environ-

Tax deductions for commuting were introduced to pro- mentally friendly cars (and, significantly, trucks as well)
mote labor mobility without forcing individuals to move over those that pollute more also encourages this trend.
their homes to cut costs of travelling to work. Vigorous These rules may not change intensities directly, but they
support for transit in a few key cities like Stockholm has may indirectly favor less energy-intensive vehicles
certainly meant that a high share of this traffic is on pub- because these fulfill stringent environmental require-
lic transport, but the/evel of travel increased. Likewise, ments more easily than do more energy intensive vehi-
expansion of the airport network supported a great cles.
expansion of SAS and LIN domestic flying. There is

Moreover, Volvo has forged an alliance withnothing surprising in these policies, but they led to
Renault, a maker of small cars, and is building its ownincreases in travel that offset the energy savings won

from new technology, smaller cars in Holland, while Saab is now owned in
part by General Motors, whose Opel line produces many

5.,5. Prospects for EnevbryUse. successful small cars in Europe. This could lessen politi-
cal pressures to keep company car schemes in place,

The prospects for energy use for travel are mixed, since Volvo and Saab now profit indirectly from imports
• The gradual shift towards more automobile (and air) of smaller cars from these two continental manufactur-

travel continues, interrupted only by recession and ers. Finally, there is the possibility that concerns over
periods of higher fuel prices. The preliminary data for both energy and carbon-dioxide leads other auto pro-
1990 and 1991 indicate a clear drop in automobile use. ducers to develop new energy-efficient technology.
But between 1988 and early 1993, the real price of gaso- These factors, combined with the potential removing of
line has been raised by roughly 33%. As our data show, company car subsidies, could mean that the first mean-

this increase is significant, and could slow the move ingful drop in the energy intensity of automobiles in
toward heavier and more powerful vehicles and slow Sweden will occur in the next few years.
the shift toward car travel, although the sales data for
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In other sectors, the energy outlook points factors will likely rise, reducing energy intensities
towards greater efficiency. Various schemes have further. And in the long run, it is likely that SAS will
helped $tatens J_rnv_ger and 5tockholms LokaltrafOcmain- consider the Boeing 777 or, if developed, a prop fan jet,
rain reasonable load factors; more funding and more both of which reduce energy intensities even further
passengers seem to be on the way. Linjeflyg (now a part (Schipper, Meyers eta/. 1992). Of course, international
of SAS) has ordered even more modern 737s and other, traffic is not counted in our analysis, but the trends cited
new airlines are using modem plane as well. SAS has here are indicative of the continued pressure on air car- -

almost phased out its DC9s. In all, we expect a contin- riers to improve energy efficiency. Since intensities, and
ued decline in the energy intensity of air travel in therefore fuel costs, are higher in short haul markets,
Sweden. For its intercontinental traffic, SAS has moved and competition from other modes most intense in these .
to long-range 767s, with energy efficiency playing a markets, it is likely we will see improvements in domes-
prominent role in their decision (Abrahamsson 1990). tic energy use as well.
As the economic situation picks up for all airlines, load
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Travel Energy Use in Sweden
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Travel Energy Use in Sweden
By Mode
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Travel Energy Use in Sweden
Effects of Activity, Structure, Intensity
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Sweden: New Cars by Power and Weight
Effects of Company Cars

Power, KW Weight, KG
12o

Weiaht je
" 110- .......................................... 1300

....... • " 1175
• I00 All new cars

9o- ............................................................. loso

eo-P°wer- ...................... .-_ -__- 925
.x---)_ ._j _

.....................Company.*-_..__,Z_.........
70- All cars _7._.._-z:T'_ ................ 800

Private

60 , , , , , , , , ...._......., , , t ', .......,' , , , , , ,', 675
1969 1972 1975 1978 1981 1984 1987 1990

Figure T-9

5-11



6. ENERGY USE FOR TRANSPORTATION: THE FREIGHT SECTOR

The split of transportation energy use into com- trucks. Energy use for trucks is dominated by diesel,
ponents was shown in Figure T-1 in the previous sec- although the proliferation of light trucks has kept gaso-
tion_ The share of freight-related energy use in total line consumption important as well. Rgure F-2 shows
transportation fluctuated, driven principally by changes the energy intensities of the major freight modes.

. in the level of industrial activity in the near term. Yet The energy intensities of truck freight were calcu-
the use of fuel for truck freight increased at a faster rate iated for diesel and gasoline vehides for 1970-1976 by
than for any other major mode except air travel. Energy SIND (1977), and for each fuel by size of vehicle for 1980

use for truck freight in 1990 lay at nearly 8.5 times the and 1983-89 by TPR. It is hard to judge the accuracy of
" level of that for air travel (the other rapidly growing these estimates, since, unlike the case for gaso!_ne, there

component of energy use for transportation), and is no readily available control total for road diesel with
approached 45% of the amount used for cars. Thus, which to compare these estimates. However, the dis-
energy use for freight has become an increasing source tances which diesel vehicles aredriven each year is
of concern because of the pollution generated and traffic reported for tax purposes and published by SCB. When
it represents, the fuel data are compared with freight hauled (meas-

The calculationsinthissectionarebasedon the ured in tonne-km),however,thereappearsa steady

same datasetsusedforthosefortravel.Activitydata increaseintheintensityoftrucks.At firstthismay seem

are from TPR and $CB. The use of fuel for light trucks is strange. Yet data from SCB (Swahn 1992a, 1992b) show
counted explicitly as such by TPR, but not by S/ND, a great increase in the number of light trucks, including

although these were less important in the early 1970s some for private use. These vehicles carry far less
than in the 1980s. There are great uncertainties in the freight, per unit of energy use, than do heavier trucks,
data for energy use for water transport which will and far more of the light trucks run on more energy-
become apparent,too.The splitofenergyuse forrail intensivegasolineenginesthanon dieselones.This

freight from that for travel follows the trends from S/ND may explain the apparent increase in the ratio of aggre-
1977, where explicit breakdowns were provided by SJ. gate energy use for trucks to tonne-km hauled. At the

Energy use for air freight is calculated from that for air same time, data provided by Volvo show very little
travel by assuming that one tonne-km is the equivalent improvement in the rated fuel use per tonne-km of large
of seven passenger-kin (by weight)and therefore draws trucks built in the 1980s over those built in the late

seven times as much energy as thatofa passenger-km. 1960s. The average load per truck appears to have
declined (seen by dividing total tonne-km by total km

6.1. Structure of the Freight Sector driven), confirming the suspicion that shifts in the way
trucks are being used has led to an increase in fuel useSweden has a raw-materials intensive economy.

Forest products, ore, and bulk shipments of steel and per tonne-km hauled. In all, these change led to steady
steel products are important as feed_,'tocks to the increases inenergyusefortrucking.

engineering economy and as exports. Nevertheless, the The energy intensities of rail and ship freight
ratio of freight hauled to GDP has fallen slightly varied with the strength of the economy and Ioadings.

between 1970 and 1990, as Figure T-1 showed. This Uncertainties in energy consumed for shipping may
position is reflected in the importance of both rail and explain the jumps seen in the data in Figure F-2. When
ship in total domestic freight, activity levels and energy intensities are combined, we

Trucks also figure in the shipment of raw materi- obtain total energy use for trucking as shown in Figure
als, particularly for forest products. Overall, trucks F-3. The domination by trucks is evident.

, dominate freight, and their share increased slowly dur-
ing the 1970s and 1980s, as seen in Figure F-1. Average 6.3. Evolution of Energy Efficiency and Energy Sav-
load shrunk as smaller trucks grew in popularity and ings

"just-in-time" production and distribution made speed 6.3.1. Aggregate Measures

• more important than capacity utilization. Air freight As was shown in Figure T-6 in the previous sec-
(including mail) grew but was still small relative to the tion, total freight volume kept pace with GDP in
other modes. Timber floating disappeared. Sweden, losing only two points between 1973 and 1990

6.2. Fuel Mix and Energy Intensities (from 48 tonne-km/10OOSEK to 46). Since the share of
industrial GDP in total GDP fell slightly, this implies

As with transportation, oil use dominates the that the ratio of freight hauled to industrial GDP actually
freight market. Electricity dominates the railroad, but its increased. Aggregate energy intensity for freight
share is small compared to the total energy use for
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increasedby around30% between1973and 1990,inspite freightand thecontinualshifttowardssmallerloads

of'significantincreasesinenergycostsfortruckingand have more thanoffsettheimpactof smalltechnical

shipping, improvementsto motorsthatwould lowerenergyuse

fortrucking.Sweden'salignmentwiththeEEC prom-

6.3.2. Decomposing Changes ises to increase the importance of trade, particularly
trade in consumer goods. Unless new rail systems areWe can disaggregate changes in freight energy

use using the same techniqueused to understand developedforinternationalu_ffic,trucksare likelyto -
absorbmostofthistrade.

energy use for travel, again using 1973 as the base year

(Figure F,-4). Doing this we find that increases in the There are many technical measures that could
volumeoffreightaloneraisedenergyuseforfreightby reducegreatlythefuelrequirementsofvarioussizesof

17% between1973and 1989.Changes inthe mix of trucks(Schipper,MeyersetaL 1992).With thenew

modes pushed up energy use for freightby 6%. emphasison fueltaxationinSweden,particularlythe

Changesintheindividualintensitiesofthethreemain shiftfromkilometertaxationofdieselvehiclestoheavier

modes raisedenergyuseforfreightby nearly23%. As taxationof the fuelitself,investmentsin significant

we saw,truckfreightwas respons_leforboththeshift improvementsin the fueleconomy of trucks,will

tomoreenergyintensivemodes and theincreaseinthe becomeincreasinglyattractive.The recognizedneedto

energyintensityoffreight.Insum,freightwas theonly raiserevenuefromvehicleusetopayfortransportation

sectorintheSwedisheconomy where allthreefactors infrastructurewilllikelyencouragethecarryingoffuller

changed in ways thatincreasedsectoralenergyuse. loadsand fillingup truckson returntrips.Lower

Clearlyenergyuseforfreightdeservesfurtherstudyifit interestratesgenerallywillshiftthetradeoffbetween

istoberestrainedinthefuture, inventorysizeand "just-in-time"shippingtowards

largerinventories,by loweringthecostofinventories,

6A. C,,uses for Changes and this will permit or encourage shippers to form

Why did energy use for freight increase so much? larger loads.
As we noted, it can hardly be said that vehicles them- The dilemma for Sweden is that both the kinds of
selves became less efficient. What did happen, however, freight shipped (or modes used) and truck market are
is that the utilization of the entire system changed international. Sweden alone cannot influence radically
markedly,towardssmallerloadsand smallervehicles, thechoiceofmodes usedforfreight.Of course,much of

Thismusthaveoccurredbecauseofthehighcapitalcost themove towardssmallerloadsisalocalphenomenon,

ofholdinggoods,Le.,inresponseto"just-in-time"pro- drivenby "just-in-time"considerations(Engstr6metal.

ductionand distribution.OfficialsatVolvo'sKa/mar- 1991).Thistrendcan be influencedsomewhat by local

verken,forexample,explainedhow most of theparts planning.Thismeans usingzoningorfeesand permits

theyused(exceptforchassis)arriveby truck,and most tosegregatetrucksfromothertrafficincongestedareas

cars are hauled away by truck. This reduces the time or simply raise the cost of using trucks in congested
that either parts or finished products sit in Kalmar, and areas. This would shift the balance somewhat from
increases the flexibility of routing. The trend towards "just-in-time" shipments with smaller loads to larger
"just-in-time" also means smaller loads on trucks, as the loads.

data for Sweden imply. An additional factor that applies The potential for improving vehicles should not
to Swedish freight is the gradual disassembly of the be overlooked. Volvo and Saab-Scania are world leaders

smaller, feeder-type rail routes, most of which were in trucks, but they cannot bring vehicles to market for
designed for diesel traction. As these were removed, only the Swedish market when most of their b_siness is
trucks became the only practical freight mode available. overseas. Nevertheless, the trends in Central Europe,

North America, and most of the rest of the world point
6.S. Prospects for Energy Use towards the same traffic, energy, and environment pres-

The prospects for energy use for freight are mixed, sures perceived in Sweden. If other nations raise taxes
The currenteconomicslowdown willreducefreight on dieselfuelorvehicleuseand emission,we foresee .

volumeand therebyenergyuseforfreight.Inthelonger thatnew energy-efficienttrucksand truckingsystems

term,theslow shifttowardsgreateruse oftrucksfor willbegintoappearinSwedenand elsewhere.
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Freight Energy Use in Sweden
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7. SUMMARY: INTEGRATING THE RESULTS ing in the manufacturing, service, and other industry

Policy-makers in every country have asked: what sectors as the major activity drivers, noting that service

are the quantitative results of improved energy sector activity rose more than did activity in the other
efficiency? Thisquestion cannot be answered by exa- sectors. The structure of manufacturing shifted slightly

mining a country's overall energy/GDP ratio because towards more energy intensive sub-sectors, while that of

this ratio is clouded by effects not related to changes in other industry moved in the other direction. True meas-

" individual energy intensities (Schipper and Meyers eta/. ures of structural change in the service sector are absent,

1992; Schipper 1991a; Schipper 1991b). Certainly, per but increases in lighting, ventilation, and information
capita energy use in Sweden was lower in the 1980s than technology led to "structural" changes that increased

- in 1973. However, for a complete understanding, we electricity use. The major driving factor for the house-

must quantify the impact of changes in individual hold sector is population, which increased slowly. But

energy intensities on sectoral energy use, as well as household size shrunk, driving increases in both the

gauge the impact of structural change itself on sectoral number of homes and the number of private vehicles.

energy use. To do this, we turn first to a review of the These subtle structural changes lead in turn to increases

sectoral findings. There, we present more detailed calcu- in energy use for households and travel. And while

lations that separate most of the effects of changes in industrial activity only increased by 20%, overall freight

structure and activity from those that arise principally kept pace and evolved towards greater reliance on

from improved energy utilization. The first calculation trucks, indeed on smaller trucks (or at least smaller

uses the sectoral findings that show how much changes loads). All of these factors increased energy use within
in energy intensities alone reduced (or in some cases, each respective sector. Most of these changes occurred

increased) energy use. The second method estimates relatively independent of changes in energy prices, but

how much energy use would have been in 1989 had in response to economic growth and demographic

energy intensities not decreased (or increased). 1 Since change.

downward changes in energy intensities are related to Overall energy prices in Sweden evolved in dif-

"energy conservation', both of these calculations offer a ferent ways. Real electricity prices did not increase by

useful measure that cart be evaluated over different time more than 15% for industry or 30% for households, in

periods or compared with results from other countries, both cases peaking in the early 1980s and again after

Despite their imperfections, these calculations illustrate price and tax reform in 1990. Diesel fuel prices crashed
the impact of reduced energy intensities on total energy from 130% of their 1973 value in 1984 to less than their

" demand far better than the aggregate numbers. 1973 value by 1986. Gasoline only exceeded 125% of its

1973 level between 1979 and 1986, but shot up again in
7.1. Activity and Economic Background 1990. Heating oil prices, and with them prices for heat-

Swedish GDP growth in the 1970s and 1980s was ing in apartments and the service sector, increased

intermittent, with periods of downturn in the mid-1970s several-fold, and reached more than 300% of their 1973

and early 1980s. Indeed, real GDP in 1981 was only 4% value in 1989. Industrial heavy oil prices were also very

higher than it was in 1976, suggesting that the entire high in the 1980s. But in all, the Swedish economy was

period from 1975 through 1982 was plagued with not exposed to large price changes for all fuels, as was

economic stagnation. This situation certainly the case in many other countries.

suppressed consumer expenditures on energy for heat-
ing and travel, and restrained growth in industrial 7.2. Fuel Substitution

energy use. But the same slowdown retarded energy Fuel substitution played a key role in reducing oil
efficiency investments and the turnover of industrial use in Sweden. While it is difficult to make an exact cal-

• capital and the building stock. When the economy culation, we estimated that fully half of the oil savings in
finally improved after 1983, much of the repressed con- households and services, and likely 20% of the oil reduc-

sumer demand returned, but industrial efficiency invest- tion in manufacturing, arose because consumers and

, ment was still behind. Consequently, we judge that the businesses switched from oil to electricity, wood, and

slow growth in the Swedish economy restrained energy district heating. Moreover, oil use for producing electri-

use but also re_trained efficiency improvements, city and district heating itself was reduced drastically.

In the introduction we noted that sectoral activi- The flight from oil slowed somewhat after the price fell

ties are driven by different factors. We chose GDP aris- in 1985, particularly in the residential sector, suggesting
that price differences drove these substitutions.

I Sincethereare st_llmajoruncertaintiesin the datafor travel
and freightfor 1990,we limitour integratedanalysisto 1989.
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7.3. Energy lntensities:Starsand Laggards rural changes within each sector. While _tructurai

FigureSU-I shows theintensitiesofkey energy changeincreasedenergyuse ina/lsectors,_i',eimpact

usesintheSwedisheconomy overtime.The intensities was strongestintheresidentialand transportationsec-

ofhome spaceheatingfellby more than20%.The inten- tors.(Structuralchangehad a smallbutnegativeimpact

sityof fuelheatingin the servicesectoralsofellby on energyuse in"otherindustry",notshown.)Overall,

nearlythisamount. The intensityof oilheatingin structuralchangeitselfincreasedenergyuse inSweden

homes using only oil appears to have fallen by 30% by n6arly 10%. .-

between 1973 and 1989, and the intensity of oil heating The combined effects of activity and structural
in commercial buildings fell nearly as much, supporting change on sectoral primary energy use, which measure
these aggregate findings. Intensifies for air travel, and energy services, are also shown in Figure SU-2. These -

most sectors of manufacturing also fell by more than are normalized to overall growth in GDP. It can be seen
25%. (The structure-corrected aggregate is shown in Fig- that this measure for the services and travel sector raced

ure SU-1; Figure M-4 in the manufacturing section ahead of GDP growth, as indicated by the positive
shows changes by industry branch.) The importance of result, while the same measure affected the residential

oil or energy costs to space heating, manufacturing, and sector by the same amount as GDP grew, while the
air travel are clear, effect for freight and manufacturing lagged behind GDP.

What is surprising is the sluggish behavior of the On balance energy services lagged GDP growth, as evi-
intensities of automobiles and trucks. The vehicle inten- denced by the small (2%) decline in the "average" figure.

sities of automobiles and trucks fell by very small Figure SU-2 shows the strong decline in manufac-
amounts (10% for cars and less than 10% for trucks), turing and the residential structure-corrected intensities.
The intensity of automobile travel fell by only 2%, while Equally strong is the increase in intensity in freight and
that for truck freight increased significantly. What is not services. Increases in energy use from activity and from

obvious is that fuel represents only a small part of the structural change (for freight; structural change is not
total cost of transportation. In the short term, little can defined fo_ the services sector) acted together to boost
be done to reduce vehicle intensities, but changes in util- energy use strongly in these sectors. Energy use for
ization could increase modal intensities. However, over travel lay between these extremes, rising from increased
the 20 year period of observation, important changes in activity and structural change, but falling from reduc-
how cars and trucks have been utilized acted to increase tions in intensities.

modal intensities for these vehicles. Increased income, Significant reductions in intensity were achieved
boosted by company car policies, permitted drivers to in the Swedish residential, services, and manufacturing
own or use larger and more powerful cars. Also, the sectors between 1973 and 1990, although electricity
overall change in real fuel prices for diesel fuel and intensity rose rapidly. The intensity for freight
gasoline were smaller than the changes in real prices for increased, while that for travel fell slightly, and then
space heating or process heating fuels or airline fuel. only in the later 1980s. On balance, delivered intensity

in Sweden fell 26%, and primary energy intensity 8%
7A. Integration and Comparison of Sectoral Findings between 1973 and 1989.

Using the methodology outlined in the introduc- Figure SU-3 shows year-to-year behavior of the
t'ionand applied to each sector, we can review the evolu- delivered energy intensities in all sectors. As shown in

tion of energy use in the Swedish economy between Figure SU-4, when measured in primary energy terms,
1973 and 1989. Figure SU-2 shows the impacts of the decline in intensity in manufacturing or the residen-
changes inactivity, structure, and primary energy inten- tial sector was smaller than when measured by
sity between 1973 and 1989 on each sector. Services and delivered energy, while that for services was reversed
travel showed the greatest increases in activity, while into an increase. The rise in electricity use intensities, of "

residential and freight lagged. Manufacturing activity course, which lay behind the different behavior of pri-
increased 20%, close to the average across all sectors. mary energy intensities need not imply reduced
That is, other things being equal, shifts between sectors efficiency in end-use technologies; instead, the growth
favored energy use in services and travel over energy may be due to fuel switching and the increased penetra-
use in other sectors. Overall, changes in sectoral activity tion of electrical equipment.
alone boosted primary energy use in Sweden by nearly
20%, and increased delivered energy by virtually the Figures SU-5 and SU-6 integrate these results,
same amount, scaling them to 1973 (base year) energy use. The provi-

sion of energy services--the combined effects of activity
Figure SU-2 also shows the changes in primary and structural changes--grew substantially in all of

energy use in each _,u_'torthat occurred because of strut- these sectors with the affluence afforded bv economic
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growth. Figures SU-5 and SU-6 show the impact on Figure SU-7 shows the behavior of this indicator

energy use of this growth in energy services. This for each sector over time, using 1973 as the base. it can

growth lifted delivered energy use 33% and raised pri- be seen that in primary terms, the savings in the residen-

mary energy use by 32% between 1973 and 1989. At the tial sector "peaked" in the early 1980s, and that the nega-

same time, the parallel evolution of the intensity effect rive savings in the service sector appeared in the early

and the ratio of primary energy use to GDP is important, 1980s. Both of these changes occurred because of the

" and will be discussed further below, massive substitution of electricity for oil, which in pri-

mary terms leads to an increase in energy intensities (or

7.5. Detailed Intensity Calculations decrease of savings) in both sectors. This effect arises

- The first of our calculations shows what Swedish because of the nature of our calculations, not necessarily

energy use would have been if energy intensities had because there was no energy savings in the service sec-
matched their 1989 levels but the level and structure of tor or because electricity substitution erased energy say-

energy-using activities were in their 1973 configuration, ings. But as we noted in our sectoral chapters, the evi-
This is done by summing the effects of changes in dence of significant savings of electricity where it was

used for heating was slender. Using useful energy (orenergy intensities, sector by sector, on total energy use.

By comparing this hypothetical level of energy use following the work of Carlsson, of PREDECO, [1992])

against the actual 1973 level, the impacts of intensity shows that savings did accumulate, but they are not

changes between 1973 and 1989 become apparent. Fig- fully measured here.

ures SU-5 and SU-6 show the results of this calculation Neither of these calculations is perfect for other

over time applied to delivered energy use and primary reasons, as well. These methods ignore the interactions

energy use as well. This quantifies the overall impact of among intensity, .,_'ucture, and activity that took place

lower energy intensities on Swedish energy use, with in the real world. For example, had Swedes not reduced

structure and activity measures in each sector remaining their use of energy for space heating markedly, they

constant, would have had to reduce expenditures for other goods

Using this method, we start by noting that in 1973 and services in order to pay for space heating. And if
Swedes had not bought automobiles in the 1980-1989primary energy demand in Sweden for the sectors we

studied totaled 1900 PJ (including the other industry sec- period that were less fuel-intensive than those they

for). Recalculating this demand using the lower 1989 drove in 1973, the cars they drove in 1989 would have

energy intensities for each sector yields a demand of used more fuel per kilometer. It is likely they would
1769 PJ. As shown in Table SU-1, this is a 7% reduction have driven less than they actually did in 1989 with such

in primary energy. We also calculated that between cars, in order to reduce their expenditures for fuel. These

1973 and 1989, energy intensity reductions would have effects should be borne in mind when interpreting our

reduced delivered energy use in 1973 by 26%. results.

The second calculation estimates how much In spite of these shortcomings, however, the

energy would have been used in Sweden given 1989 overall findings of our study should be clear. First,

activity and structure but 1973 energy intensities. By significant energy savings occurred in both the residen-
tial and in manufacturing sectors, as well as in the aircomparing the result with actual 1989 energy use, one

obtains a gauge of the energy savings achieved by travel sector. Heat savings likely occurred in the service

reductions in energy intensity over the period. This sector. Small savings occurred in automobile travel. But
second calculation takes into account the fact that only in the manufacturing and household sectors were

changes in the level and structure of energy-using activi- the savings greater than any uncertainties arising from

ties on balance raised energy use between 1973 and the procedure we used to aggregate fuels and activities.

1989. Using this calculation,primary energy use in the This fuzzy picture should itself be cause for some con-
six sectors (industrial sector is divided into manufactur- cern by authorities.

ing and other industry) would have reached 2502 PJ,

about 6% higher than it actually was, in 1989. 7.6. Swedish Energy/GDPRafio

Equivalently, intensity reductions over the period Between 1973 and 1989, the Swedish energy/GDP

reduced the level of primary energy use by 5% (Table ratio declined by 25.6% in terms of delivered energy and

SU-1). Note that for freight and services, there were no 6.9% in terms of primary energy as measured in this

savings, i.e., with actual energy intensities, more energy study. Surprisingly, these decreases are close to the

was used in 1989 than would have been used at 1973 energy intensity declines we calculate above, indicating

intensities, that the energy/GDP ratio for Sweden cou/d be con-

strued as an indicator of changes in energy intensities.

The reason for the close agreement in the case of Sweden
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is straightforward: real GDP grew by 35% over the accelerated again between 1979 and 1983, when it
period, close to the growth in energy services (Figure reversed for one year but fell again through 1988, before
SU-6 shows the growth in energy services). Put another settling into an apparently trough or plateau. In primary
way, the ratio of energy use to GDP in Sweden fell only energy terms this trough is clear, but there is little
2% because growth in energy services was only slightly decline after 1983, suggesting that most of the decline in
slower than growth in GDP. The rest of the decline was delivered intensity after that time was caused by substi-
caused by reductions in individual energy intensities, tution of oil by electricity. This means, in effect, that .

although Sweden managed important improvements in

7.7. Sweden's Energy Efficiency Plateau energy efficiency in the 1970s and early 1980s, this pro-

The development of energy-using activities and gress came to a standstill as energy prices eased in the
energy intensities was not consistent over time. The mid-1980s (Figure SU-5 and SU-6). "
growth in energy services, for example, slumped during Overall, these detailed calculations show that the

the sharp recession that fell on the Swedish economy impact of lower energy intensities reached a maximum
after the 1979 oil price shock. More striking, however, is in the mid-1980s and then fell back somewhat. Energy
the development of energy intensity. The decline after efficiency in Sweden, to the broad extent it is related to

the first oil shock reached a hiatus in 1979, then energy intensities, seems to have hit a plateau.

Table SU-I: Energy Savings in Sweden 1973-1989

Method One
Energy Use (PJ)

Actual 1973 1973 Activity & Structure

Sector Energy Use (PJ) 1989 Energy Intensities %Difference

Residential 517 456 -12%

Manufacturing 858 757 -12%
Other Industry 78 82 +5%
Services 241 261 +8%
Travel 147 142 -3%

Freight 59 71 +20%

Total Primary Energy 1900 1769 -7%

Method Two

Energy Use (PJ)
1989 Activity & Structure Actual 1989

Sector 1973 Energy Intensities Energy Use (PJ) %Difference

Residential 696 692 -1%

Manufacturing 1066 935 -12%
Other Industry 102 99 -3%
Services 348 377 +8%

Travel 218 203 -7% _,

Freight 72 84 +18%

Total Primary Energy 2502 2390 -5%

Method One:. Energy demand with the structure and activity levels of 1973 but energy intensities of 1989.
The difference shows the impact of changes in energy intensities between 1973 and 1989, other factors held
constant.

Method Two: Energy demand with the structure and activity levels of 1989 but the energy intensities of
1973. The difference shows how much energy was saved relative to the level that would have prevailed in
the absence of intensity reductions.
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Energy Use in Sweden
Changes in Delivered Energy
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8. INTERNATIONAL COMPARISONS 1 was a relatively energy-intensive country in 1973.

There are many important reasons for comparing Energy saving, as well as some structural change, has

the structure and efficiency of energy use in Sweden reduced energy use in Sweden somewhat, but other
with that of other industrial_ed countries. One obvious countries we have studied achieved far more.

reason is political. The recent United Nations Confer-

. ence on Environment and Development (UNCED) 8.1. The ResidentialSector

highlighted the impo_ of international energy Swedes enjoyed Europe's largest and most well-
issues. Points of cornpetition among nations are both the outfitted homes in 1973. These were also the most

present state of energy efficiency as well as future plans efficiently heated. After two oil crises and much conser-

• for improvements. Each nation needs to know where ration activity, Swedish space heating intensity, contin-

the others stand, ued to reflect the most efficient space heating in the
There is also a very practical reason for under- OECD. While families in other countries narrowed the

standing differences between energy use in one's own gap somewhat, the comfort in Swedish homes in 1990

nation and elsewhere. Certain energy use patterns in lay at the highest level among OECD countries. This

another country may resemble those that form the goals section explores how household energy use in Swedish

at home. Understanding how the other country arrived compares with that in other countries.

at a particular pattern may provide insights on how to

steer one's own course. For example, careful study of 8.1.1. Equipment and Fuel Mix

the efficient state of housing in Sweden led to many In 1973, Swedish housel_olds had a relatively high

ideas for promoting efficiency in the U.S. (Schipper, standard of comfort, as measured by house area per cap-

Meyers, and Kelly 1985). Such international study may ita (Figure RI-1). Penetration of central heating was over

reveal important technologies that save energy as well 90%. Electric appliance ownership reflected the highest

as key policies that promote en_'gy saving, levels in Europe (Tyler and Schipper 1990). Although

The final reason for undertaking cross-country the gap with Norway, Denmark, and the rest of Europe

comparisons of energy use and efficiency is to identify narrowed somewhat, Sweden still claimed the highest

boundary conditions in highly efficient countries. The indoor standard of living in 1990 among European coun-
inter-country differences in some particular policy tries.

parameter are often great enough to permit policy In 1973, Swedish homes had the highest share of

analysts to isolate the effects of that parameter on a par- oil heating among major OECD countries, although

ticular energy use. For example, Sweden has relatively homes in France, Denmark, and W. Germany were also

low taxes on automobiles relative to Norway and Den- critically dependent upon oil as a space heating fuel, as

mark. Comparison of Sweden with these countries Figure RI-2 shows. Additionally, most of the district

migh_ reveal how changes in the taxation of automobiles heating systems indicated in the figure were fired with

in Scceden would affect their characteristics or use. oil. By the late 1980s Sweden's oil dependence had fal-

The following comparison of energy use in len drastically, more so than in any other country in

Sweden and other countries aims to satisfy all of these Europe. But unlike other countries in Europe, substitu-
purposes. We will show how energy use patterns in tion away from oil accounted for more of the decline

Sweden differ from those in other industrialized coun- than did reductions in the intensity of oil-heated homes.

tries. We will briefly compare the sectoral trends in the This distinction is important, for it lies behind much of

structure of energy use in Sweden and other countries, the success of oil-saving in Sweden. The actual decline

We will also compare key energy intensities in Sweden in oil-heating intensity in Swedish homes heated only
, with those in other countries. 2 We shall see that Sweden with oil was modest, around 20-25% (if we exclude the

impact of increased use of wood and electricity in homes

I in this section,"EU-7"refers to Sweden, Norway, Denmark, still using oil), less than in France, W. Germanv, or Den-former W. Germany, France, Italy, and the United Kingdon_ In

the manufacturingsection,Italy is missing becauseof seriousdata mark. Also, wood or electricity played only a minor role
deadencies. "EU-4"refers to the non-Scandauviancountries.We in the decline in oil intensity in homes in these countries,

often asgregate these four countries to simplify the figures or in contrast to the development in Sweden.presenta meaningfulavenge where the d/Herencesamong

are small. Whereverpossible we in.esent all lhree Scandinavian In 1973, Sweden had, after Denmark, the highest
countries separately, in order to fadlitate comparisons in the fu-

share of homes in the OECD heated with district heat.ture.

2 The comparisonin the manufacturingrector extendsonly to By 1990, the role of district heating in Sweden almost
1988.Forothersectors the comparisonis complete through1989, surpassed that in Denmark, largely a consequence of the

and in scme cases individual countries are comparedthrough fact that Sweden has a higher share of apartments in

1980. densely populated areas than Denmark. Moreover, dis-
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trictheatinginSweden feltno realcompetitionfrom majorend use forSweden and otherOECD countries.3

naturalgas used in individualapartmentsor their Sweden'sre,_.identialconsumptionrankedthird,after
boilers,atleastthroughtheearly1990s.By contrast,gas Denmark and theU.S.,in1973.Giventhelargesizeof

won significantmarketshareinBritain,Italy,W. Ger- Swedishhomes,itspositionvis.a.visothercountriesin

many, France,and laterDenmark, and was already Europeisnotsurprising.

found inhalfofthehomes intheU.S.The enormous By 1990,however,thepicturehad changedsome-

successof districtheat among Swedish apartments what. PercapitahouseholdenergyuseinSweden fell "
makes itunlikelythatnaturalgaswillbe attractiveasa becauseof conservationand becauseof substitution

fuelfordirectuse,butcouldspurinterestingastopro- away from oil.The highpenetrationof equipmentin
videheatatthedistrictstations. Sweden meant spaceheatingwas closetosaturationin "

ElectricheatinginSweden becamea distinguish- 1973.Mostlythroughconservation,householdenergy
ingfeatureofthatcountry'shousingstock.Over33% of use alsofellin theU.S.and Denmark,two countries

homes in Sweden, as opposed to 30%in France,and 20% where indoor heating comfort was very high in 1973.
in the U.S., relied on electricity for their principal heat- Use increased in Norway, Japan, and the four European
ing source in the late 1980s. Additionally, at least 20%of countries, because of the increased in the penetration of
all homes, principally those in Sb"Ds,used electricity in central heating and appliances ownership in the EU-4
combination with oil and wood for heating. While the and of all energy-based amenities in Japan. In other
use of small electric room heaters was common in every words, the gap in indoor standards between Sweden

country, the secondary electric heating in Sweden was and Central Europe or Japan narrowed, and this impor-
far more prominent than almost everywhere else. The tant change reduced the difference in energy use per
main exception was Norway. And at least 40%of homes capita in homes.

used electricity for water heating. Among the countries Examining space heating (Figure RI-5), we find
we have studied, only in Norway was this penetration that Sweden in 1973 had the lowest intensity in the
exceeded. Low electricity prices in the 1980s, which fell OECD after Norway and Japan. Lower indoor tempera-
to below the cost of oil for providing heat, were one tures accounted for the lower positions of these two
important reason why electricity penetrated so far in countries, particularly Japan. By the early 1980s, corn-

Sweden (Tyler and Schipper 1990). But the very low fort in Norway caught up to that in Sweden, and heating
heat losses of Swedish homes encouraged electric heat- intensity in Sweden became the lowest in the "cold"

ing in the 1960s, since the net costs of using electricity OECD. If we only compare SFDs centrally heated with
rather than oil were usually small or even negative oil, then the intensity of oil use in Sweden lies far below

when the full cost of boilers and other equipment was those of most other countries (Schipper and Meyers, et
considered, al. 1992). The reason is that so many oil-heated SFDs in

In conclusion, fuel use in Swedish homes moved Sweden also use secondary fuels, use of which does not

rapidly away from oil, towards high shares of electricity appear in the oil statistics. If homes using only oil, but
and district heat. These changes alone reduced delivered no secondary fuels, for heating are compared, the Swed-
energy consumed by homes in Sweden, relative to the ish lead is slightly smaller. Even after a reaching a

situation in Denmark, central Europe, and the U.S. The trough in the late 1980s, and perhaps even showing a
share of oil in delivered energy consumed in homes in slight rebound, space heating intensity in Sweden is still
Sweden fell drastically, as Figure RI-3 shows, from the the lowest among those of European countries.

highest share among the European co,antries shown Household electricity use per capita is high in
(after Denmark) to one of the lowest shares. The expan- Sweden, after Norway and the U.S. (Figure RI-6). After
sion of solids, district heating, and electricity in Sweden Norway, Sweden had the second highest shares of elec-
outpaced the evolution of those fuels in the other coun- tric cooking, water heating and space heating. Swedish "
tries, but conspicuous in its absence is gas, which is households also have more and larger appliances than
significant in all the countries outside of Scandinavia

and making inroads in Denmark. Were all countries' 3 In our international data base, Sweden has 4071 degree days

consumption measured in the same primary units, how- (DO) to base 18C in a normal year. For comparison, W. Germany
has 3116DD, Norway slightly over 4000DO, Denmark 3114DD, the

ever, Sweden's energy use would be very high, as we u.s. 2600DO,andtheEU-4(Italy, France,U.K.,andW. Germany,
shall see below, weighted by population) 2700 DD. For this comparison, we have

scaled energy use for space heating to 2700 DD Celsius, the aver-

age of the EU-4 and dose to that of the U.S. This adjustment

8.1.2. Energy Use, Energy Intensities, and Efficiency lowers the figures for Norway and Sweden by some 40%, lowers

those of Denmark by about 10%, and increases those for Japan by
By international standards household energy use 50%.

in Sweden was high in 1973. Figure RI-4 shows each
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do thoseinotherEuropeancountries.Thisexplainsthe Swedishhomes wererelativelysaturatedin1973,while

hightotalconsumptionofelectricityinSwedizhhomes, thesewere stillgrowingsignificantlyelsewhere.This

Butas FigureRI-$implies,theintensityofelectricspace restrainedoverallgrowth.Second,fuelswitchingitself

heatinginSweden islow.Thisisbecausehomes areso led to a declinein deliveredenergy.Third,energy

wellinsulated.On theotherhand,theunitconsumption intensitiesof heatingand appliancesin Sweden fell

ofelectricityforwaterheatingappearsu hishasinNor- significantly,althoughnotas much as was thecasein
" way ortheU.S. theothercountrieswe studied.

Electricheatingintensitydeclinedby 20% ormore Importantstimuliprovoked thesechangesin

intheUS.,France,and Denmark butnotinSweden (or Sweden. Oilpriceswere raisedtohighlevelsthrough

- Norway).We ascribethis differenceinevolutiontoprice taxes.Butelectricitypricesremainedlowincomparison

effects;electricitypriceswere higher(and increased withthosein othercountries.Together,thispushed

more)intheformercountriesthaninthelattercountries. Swedesaway fromoil,forcedthosestillusingoiltouse

Moreover,householdsin Sweden and Norway used farless,and stimulatedmassiveconversionsofexisting
wood effectivelytoreduceelectricheatingcosts,rather homes fromoiltoelectricity.Norway sawthesameevo-
thancutbackon electricity.4 lution.

ElectricityuseforappliancesinSwedenishighby The aggressiveconservationpolicies,which we

Europeanstandards,and has increased(FigureRI-7). havereviewedinacomparativelightelsewhere(Wilson

Yet unitconsumptionformost householdappliances etal.1989).certainlycontributedtoo.DanishandFrenchpol-

fell.The increaseshown inFigureRI-7isdue toboththe icicswerearguablyasfarreachingasthoseinSweden,yet

increasesin ownershiplevelsofthe main appliances when allthreecountriesarecompared,heatsavingsappear

(refrigerators, re_gerator-_, dryers, and greaterin the first two countries than in Sweden. Whatmay
dishwashers) as well as a proliferation of smaller uses, distinguish Sweden, however, is the system of loans for new-
suchascirculationpumps.Weightedby1973ownership homesanditsstrongbuildingcodes(Schipper,Meyers,and

levels,thedecreaseinaverageconsumptionofthesix Kelly1985)aswe notedintheresidentialsecdon.Asaresult,

major appliances (refrigerator,combination Swedens'homeswereextremelyefficientin1973,whilethose

refrigerator/freezer["combi"],freezer,washer_dryer, inDenmark,France, and othercountriesplayed"catchup".
dishwasher) in Sweden was somewhat higher than in Yet indoor temperaturesin Sweden were probablythe highest
other countries in Europe (except for Denmark), about in Europebefore 1973. Why were the savings after that year
26%. One reason was the high unit consumption of not greater?

appliances in the stock in 1973. A second reason was the The low price of electricity and the relatively rood-
relatively strong growth and turnover in those appli- est price increases seen for oil in Sweden visa vis most
ances compared to the situation in other countries. The other countries in Europe could account for some of the

third reason was the important savings of hot water in difference in the depth of conservation after 1973. Using
dish- and clothes-washing, two uses where energy and 198,5 purchasing power parities to convert prices from
water may have been used more sparingly in other 1985 real local currency into U.S. dollars (or SEK),5 we

countries. Of course, the unit consumption of new compared residential oil and electricity prices in Figures
appliances fell in all countries, because of the multina- RI-8 and RI-9. Because of very high taxes imposed on
fional nature of manufacturers and similarity of models both heating oil in the late 1970s and thereafter, Swedes

produced for the Europe-wide market. The Electrolux faced significant increases in residential heating prices,
refrigerator that is appearing in Sweden as a result of led by those for oil. Still, oil prices did not surpass those

NUTEK's Teknikupphandling ranks as a breakthrough for in the majority of the other countries (in purchasing
both technology and marketing, and will appear in other power units) in Sweden until 1986, when the crash in the

• countries as well. price of crude oil sent the price of heating oil in coun-
tries with light taxes clown sharply. And unlike Den-

8.1.3. The Residential Sector:. Sweden in an Interna- mark, France, W. Germany, Italy, or the U.S., Sweden
tional Context offered relatively low cost electricity for the entire

Three factors help explain the path that residential
energy use has taken in Sweden since 1973 relative to s Theconversionrate tends to lower the valueof the krona.

making Swedish household energy prices appea_ rela_ve.ly low. Re,call

thecourseelsewhereinEurope.First,energyusesin th,tpurch,_spow=p,riti,_e iato,ccountO_tf,c_O_tothersoods
and scrvicc_ in Swcdcn, and not just e_lergy, arc cxpcnsivc. The convcr-

4 In thiscomparisonwe haveattemF_edto remove theeffects sionfactorwc use,6.97SEK/_ in 1980 money, or7.8 SEK in1985too-

Of both wood (oroff)used inhomes with electricityastheirprinci- ney,re_¢ckstheserelativeprices.The markeaexchange ratewas closer

pal source,as well as the use of electridtyitsel/asa secondary to6.0SEK/$ in1980and 9 SEK in1985.

sourceofspaceheatin8.
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period and significant quantifies of wood as well. Avai- fundamental difference, energy conservation in Swedish
lability ofthesetwo sourceslimitedtheincreaseinthe homes ea.'mshighmarksforitsachievements.

averagepriceof heatingin1990inrealtermsoverits Thus,inan internationalcontext,Sweden started

1973value.(Thegradualshifttosignificantquantitiesof the1970switha low residentialheatingintensityand

electricityfor heating,however, alone raisedthe moderateintensitiesforappliances.By theend of the

consumption-weightedaveragepricepaidforenergy.) 1980sSwedishheatingintensityhad fallensomewhat

Hence,Swedes,unlikemostotherEuropeans,didhave and was thelowestinEurope,whilethoseforappliances "

two alternativefuelswhose pricesdid notincreaseas improvedas well.Othercountriesnarrowedthegap

sharplyas thatofoil.This,combinedwiththerelative withSwedish heatingintensity.An energy-efficiency

low htatingintensityofSwedishhomes in1973,and the policythatcombined high oilpriceswith building .

lackofdirectmeteringofapartmentsforheatactually retrofitprograms,thermalcodes fornew structures,

consumed,meantSwedes wereby and largesparedthe researchand development,and an activeroleofgovern-
bluntimpactofhigherresidentialenergypricesfeltby mentascoordinatorofmuch oftheeffortcontributedto

most othersinEurope,U.S.,and Japan.Inlightofthis theimprovementsinSweden.
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OE_9 Residential Energy Use
Space Heating Intensity (Useful Energy)
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OECD Residential Energy Use
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8.2. The Manufacturing Sector use of biomass in the paper industry and the slight

We carried out a detailed comparison of Den- increase in the importance of that industry in the overall
mark, Norway, Sweden, W. Germany, France, the U.K., mix of activity in Sweden led the increases in the use of
the U.S., and Japan (the OECD-8) (Howarth and this fuel that were also evident in Norway and the U.S.,
Schipper, 1992). The new data on Swedish manufactur- the two other important paper producers. Coal use and
ing energy use developed in this project revealed some intensity in most countries declined; while coal picked

small but important changes in the evolution of energy up some share from oil, it lost share because of the
use for manufacturing in Sweden v/s a v/s that in other decline in cement and steel production, as well as
countries. Overall, delivered energy use in manufactur- because of environmental pressures. Electricity inten-

ing fell by an average of 18% across these nations sity behaved the other way, rising 20%in Sweden after
between 1973 and 1988. The decline in Sweden was correcting for structural changes. Indeed, the electricity

sharp until the mid-1980s, when strong growth intensity of Swedish industry in 1970 was second only to
resumed. Delivered energy use in manufacturing that of Norway (Figure MI-2), and actually increased
reached 90% of its 1973 level by 1988, more than any during the 1970s and 1980s. (Note that Sweden and
other country we studied except Norway and just ahead Norway are shown on a separate scale.) Use of electri-

of the growth seen in Japan. This suggests that Swedish city for heat and steam explain some of this boost. Only
manufacturing energy trends have been different in Denmark exceeded this rate of increase, but from a far
many respects from developments in other OECD lower level. Swedish industry's position as the second
nations. The analysis below untangles the differences, most electricity-intensive after that of Norway makes

this result surprising.
The role of manufacturing in the Swedish econ-

omy contracted slightly during the study period. The This last finding leads to an important feature of
decline of the share of manufacturing was larger than in Swedish manufacturing, its very high concentration of
all other countries studied except Denmark (-0.6% energy-intensive industries. Yet even this arguably
points), and the U.S., which showed an increase. Thus underestimates the true disparity between Sweden or

Sweden was not "de-industrializing" more than most Norway and the other OECD countries we have studied.
other countries. The 20% actual increase in manufactur- Figure MI-3 shows the aggregate energy intensity of

ing activity in Sweden between 1973 and 1988 lay inter- manufacturing in each country we studied in 1988.6 The
mediate between the increases in Japan (64%)or the U.S. very high values for Sweden and Norway might reflect
(52%) and those in W. Germany and France (18%) and the high share of energy-intensive manufacturing in
the U.K. (2%). And while shifts in product mix in the those countries' activity mix. Accordingly, we calcu-

U.S., Japan, and W. Germany alone cut manufacturing lated aggregate energy intensity in each country's
energy use by more than 10%, these shifts actually manufacturing as if all had the same mix of activity (the
boosted manu_<acturing energy use in Sweden by 1%. average for all eight countries, but the actual energy

intensities of each of the six industrial branches we con-
Norway showed the largest increased in energy use
from this shift, a surprising 25%, as the development of sider. By this measure, the intensities for Sweden (and
electricity-intensive industries placed strong pressure on Norway) fall considerably, showing that the structure of
sectoralenergyuse(l-"igureMI-1), manufacturing in these countries is more energy-

intensive than in the others. Still a significant gap
If we combine the effects of both activity growth remains between Sweden (and Norway) and the average

and structural change on manufacturing energy use, for the European countries.Sweden's increase of 22% over the 1973 level of use is

median, close to the average of all eight countries of Much of this remaining gap arises because of
25%, but well below Japan or the U.S. (37% and 32% differences in structure within the energy-intensive
increases, respectively) and above those of W. Germany industries. These industries are not homogeneous, but

and the U.K. (5% increases and 1% decrease, respec- produce many different products with varying degrees
tively). By this combined measure of the change in both of energy intensity. In particular, the production of
mix and activity, Sweden's changes were average, paper and pulp and chemicals in Sweden is weighted

towards more raw materials than in most other coun-

The mix of fuels changed greatly in every country tries shown, with Norway an even greater extreme.
we studied. Since oil saving was a primary goal in vir-
tually all of these countries, it is worth comparing the Another goal all countries shared was to save
1988 share of oil with that in 1973, correcting for changes energy in manufacturing. Reductions in energy inten-

in the structureof manufacturing.By thismeasure, 6N=_io_acur_ci=_,__v=_d toUSDusing19Z0p_rch.si_8
Sweden had the largest decline, a full 68%, while Japan _w=-p=rlti=.
had the smallest drop, a "mere" 42%. The boost in the
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sity, measured in MJ/$, is indicative of these savings. Sweden were low and remained relatively low (Figure
Adjusted for structural change, delivered energy inten- MI-5), while those for oil (Figure MI-6) rose to among
sity fell by 20% to 35% in every nation (Figure MI-4). the highest in the countries studied. These develop-
The Swedish decline of 28% was close to the 29% ments explain part of the evolution in fuel mix discussed

achieved in Denmark, greater than the 20%in Norway, here. After the oil price crash, however, Swedish oil
but far below the declines seen in the U.S., U.K., Japan, prices did not fall with those in much of Europe or the

• or France. The drop in primary energy intensity in U.S., because of high taxes. After 1988 Swedish heavy oil
Sweden was only 12%, the smallest of any of the court- prices heated upward again, a result of new taxes that
tries we considered. This shift in Sweden's relative posi- were only reduced in 1992. Not surprising, the trends

tion is e_plained by the large boost in the role of electri- towards reduced oil intensity in Swedish manufacturing
city noted above, persisted in the mid- to late-1980s.

The trend towards increasing electricity intensity Thus we see that many of the changes we
in Swedish manufacturing is of special significance, observed in Sweden appear "average" for the countries
given the high electricity share there before 1970, when we studied. But the increase in electrification stands out

electricity comprised nearly 20% of delivered energy, when measured against Sweden's already high electri-
The share of electricity in Swedish manufacturing city intensity in 1973. And the relatively modest reduc-
energy use approached 40% by 1990, highest after Nor- tion in energy intensities compared with those in other
way among the countries we studied. This comparison countries is surprising, given the very energy-intensive
shows how reliant upon electricity- and energy- nature of Sweden's industry. Low electricity prices,
intensive processes Swedish manufacturing really is, which did not increase very much in the period we stu-

compared with all other countries except Norway, giv- died, explain part of this behavior. But the very high oil
ing some weight to concerns voiced over the impact of prices lead us to expect that Sweden's overall reduction

higher electricity prices there, in manufacturing energy intensities would have been
An examination of international trends in indus- greater, unless the availability of cheap electricity and

trial energy prices provides interesting insights into the biomass offered the same relief in Sweden as these two
, determination of energy use. Electricity prices in fuels did in the residential sector.
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OECD Manufacturing Energy Use
Delivered Intensity, 1988
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OECD Industrial Electricity Prices
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8.3. The Service Sector By 1990, the picture had changed everywhere.
The share of oil fell in every country, yielding princi-

In 1973, the share of delivered energy consumed pally to gas outside of Scandinavia. Electricity and dis-

in the service sector was rising in every nation we have trict heating gained in Sweden and Denmark (to more
studied. As in the residential sector, the Swedish service than 35% of heated space), as well as to some extent in
sector was highly dependent upon oil heating in the

France and W. Germany (less than 5% of heated space).
, early 1970s. Oil also dominated this sector in France, W. Significant reductions in the combined fuel/district

Germany, Italy, and even the U.K., a consequence of the heating intensity occurred in almost every country, as
availability of this fuel in the 1960s for central heating Figure S1-1shows. Improved heating efficiency was the
systems. Natural gas was not available in Sweden or chief reason in most countries. Greater penetration of
much of Europe then, so off (or off-fired district heating) electricity and district heating (counted as "fuel") in Fig-
provided the most convenient source of heating. Electri- ure SI-1 caused more than 1/3 of the decline in "fuel"
city was used principally for lighting, machines, and intensity in Sweden, however. By 1990, Norway and
some heating in Norway, Sweden, and the U.S. Total Japan still had the lowest levels of fuel intensity, for the
per capita space in the sector in Sweden was the highest same reasons as in 1973, and Denmark and Sweden

in Europe throughout the entire period, remained on top.

Figures S-1 and S-2 in the service sector chapter Even after removing the estimated impact of elec-
show fuel and electricity intensity in Sweden and other tricity used for heating, the electricity intensity of this
OECD countries from 1970 to 1988. The high fuel inten- sector increased in Sweden as in most other countries

sity in Sweden and Denmark in before 1973 reflects a (Figure SI-2). This increase represents electrification, the
high penetration of central heating in cold climates, corn- purposeful increase in the number of electricity-using
pared with other countries shown. Values for the U.S. devices per m2 of building space. Some of this electri-
the EU-4, and Japan lie below these colder countries,
almost in proportion to the lower number of heating city provided indirect heating for buildings, too.
degree days in these countries. 7 The lower value of fuel An active effort to save non-heating electricity in

Swedish buildings appears to have begun late, whileintensity in Norway reflects the already widespread use

of electric heating in that country. Not surprisingly, this efforts in other countries have been underway for some
high share of electric heating meant that Norway had time. One reason may be the large difference in the
the highest e/ectr/c/ty intensity of the countries we have price of electricity. VV'n._lethere are few data from any
seen. The high electricit./intensity in Sweden in 1970 country giving the price of electricity in the service sec-
lay below that for Norway because of the lower penetra- tot, these tend to be intermediate between residential
tion of electricity heating in Sweden; the high value for and industrial sector prices. As both the residential and

the U.S. reflects high lighting and air conditioning levels industrial comparisons shown earlier reveal, Sweden
that existed at the time in that country, had the second lowest electricity prices among the coun-

tries we studied in these two sectors. The same can be

7 seemeu_icm.tx_,eoQ_i_ _ me. assumed for the service sector.
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8.4. The Transportation Sector. Travel the long term. Figure TI-7 shows the prices for automo-

Sweden has the highest per-capita energy use for bile fuel in real terms, weighting the prices of gasoline
travel of the major countries in Europe, and Swedes and diesel fuels by actual consumption for automobiles.
have a relatively high level of domestic travel using In this regard, prices in Sweden ranked relatively low
motorized vehicles. One reason for this is Sweden's size for Europe until the tax reform of 1990._°Gasoline was

taxed heavily, while taxes for diesel fuel were shifted toand low density, bv_tother factors are important, as we
• shall see. actual distance travelled. But Sweden has shifted its

pricing stratesies and the price in 1990 appears to lie
The ownership of cars in Sweden (cars in use) lies above those in all other countries shown except Italy.

at 410 per 1000 people, one of the highest levels in north-
If we compare the price of gasoline and the fuel• ern Europe (_gure TI-1). Swedish cars are driven more

than cars in continental northern Europe, nearly 15,000 intensity of cars in the fleets of major countries, we
obtain a relationship that approximates a straight linekin/year in 1989 (Figure TI-2). The high number of cars,

combined with a load factor that is close to the European (Figure TI-8).11Similarly, there is a relationship between
average, means that per capita domestic travel in auto- the price of fuel and automobile fuel consumption per
mobiles in Sweden is about average among the EU-7.8 capita (Figure TI-9), a relationship that takes into

But total travel in Sweden is h/gh for Europe (Figure TI- account driving distances and car ownership as well.
Since Sweden has high ownership and high driving dis-3). The large geographical size of Sweden might be one

reason that Swedes travel significantly less in cars and tances, per capita fuel consumption for cars is not
more in airplanes than other Europeans. surprisingly the highest in Europe, as this figure shows.

(In the figure the most recent years are those with the
In spite of the high number of cars in Sweden, the highest cons,:_mption. Sweden "noses out" W. Germany

share of travel provided by rail and bus is relatively by a small amount. This high consumption of automo-
high. The large share of travel in these modes (16-_%in bile fuel explains the high value of total travel energy
1990) helped boost total per capita travel in Sweden to use in Sweden.)
above the average level of the other countries in Europe
(Figure TI-4).9 Note that Sweden is one of the only coun- This position should not be surprising: Sweden
tries where travel on trains and buses in 1990 was actu- has had relatively low fuel prices for Europe. Moreover,

ally higher, however slightly, than it was in 1973. the tax burden on driving in Sweden, compared with
that on other goods and services, is relatively light (corn-

The vehicle energy intensities of cars in pared with most other countries), and the Swedish corn-
Sweden---8.2 mJ/vehicle-km or 10 liters/100 kin--ranks

pany car policies have boosted both ownership and size
with W. Germany as the highest in Europe among coun- or power, a factor not negligible in W. Germany or Bri-
tries we have studied (Figure TI-5). Sweden's neighbor rain either. The tax burden was increased in 1990 in

Norway lies approximately 10% lower, and neighbor Sweden, but the reaction is yet to be seen. To call Swed-
Denmark near the lowest in Europe (tied with Italy). ish cars "inefficient" is misleading, however. But they are
The improvement in Sweden between 1980 and 1990, a large, heavy, and powerful, apparently the heaviest in
reduction of nearly 10%,is typical for _urope. The small Europe and among the most powerful, as measured in
reduction in the value of sales-weighted test fuel intensi- kW.
ties of new cars in Sweden, is less than the decline

apparent from other countries in Europe (Figure TI-6). The remaining travel energy sectors in Sweden
But the published test figures for Sweden are very close are hardly important to the overall comparison of travel

to the "real" ones (Schipper, Figueroa, l_'ice, and Espey, energy use. 12The share of travel on rail and bus is inter-
1993), while the real figures for W. Germany, France, the

10 Recall that the cummcy exchange in the figure takes into account

U.K., the U.S., and Japan diverge significantly from test purch=_ngpower parities, by which the price of gasoline is evaluated re-

" figures. Hence the modest reduction in Sweden l.uv¢ to the pri_ of other goods and services sold in Sweden. This

reflected in Figure TI-6 was probably no less than the hel_explainwhySwedish automobile fuel prices appearso low.
i_ in this figu_ the U.S. is seen in the upper ldt, then W. Germany

real decline experienced in other countries, and the U.K., then Japan, then Sweden and Norway, then France and Ira-

" Most observers agree that fuel prices are an ly.
12 This ignores indirect effects. People in built-up art,as with good

important determinant of fuel use and fuel economy in pubuc_n_ fa¢ixiti=rmyf_dthem_vesu_veXtingfew=kilom_rs
to get to jobs, ramri_ and leisure activities. Of course, they may find

It The Ft]-7 axe Norway. Sweden, W. Germany. France,, Italy. and the that they do not got as far using public transport as if they wen: to live in

U.K. ThJa averaSe is overwhelndngly dominated by the U.K.. France, less den,u: a._s and use can. The exact relationship between density and

W. Gemumy. and Italy. travel is uncertain, but lhe concentration of the Swedish population into
9 "][h¢_ figtm_ exclude the small contn3_tiora of motorcycles, boats, several large and medium-sized cities with good transit is an inlDortant

and noa-mctm_cd modes, characteristic of Sweden.
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mediateto thatof the restof the EU-7(FigureTI-4). fortravelinSweden intocomponentsdue tochangesin

Becausetheintensitiesof thesemodes aresolow rela- sectoralactivity,structure,and intensity,we findresults

tire to those for autos, however, energy use is that are rather unusual for the OECD. The increase in
insignificant. However, domestic air travel per capita is per capita travel in Sweden was average for the coun-
thehighestin theEU-7 afterNorway,makingenergy trieswe studied.On the otherhand,the changein

use fordomesticairtravelsignificant,butstilla small energyuse drivenby modal shifts,a 4% increase,was

partofallenergyusefortravel, highforEurope(FigureTI-II).Thisissurprising,since .

Swedishmodal energyintensitiesbehaveddif- theshareofrailand bus trafficinSweden inthelate

ferently from those in most other European countries. 1980s was higher than in the early 1970s. The emer-
The 2% decline in the modal intensity of automobile gence of domestic air travel is the chief reason for this
travel may seem small, but in most other countries, the shift.

energy intensity of automobile travel increased because Energy efficiency in Swedish travel showed a
the fuel intensity of automobiles only improved margi- slight improvement between 1973 and 1989. Corrected
nally while load factors decreas_d, for modal shifts, travel in Sweden experienced a small

The energy intensity of bus travel in Sweden is decline in intensity of 4% (Figure TI-12). Most other

high for Europe, which may reflect the number of inter- European countries experienced an increase in this
city and suburban lines that connect regions of relatively important indicator, largely because of the increase in
low density. The intensity for rail travel is also very energy use per passenger-kin for automobiles (Schipper,
high, whether measured counting the electricity com- Steiner, Duerr, An, and Strem, 1992). Thus the relatively

ponent as delivered energy or primary energy. Differ- minor improvement in energy efficiency of travel in
Sweden is actually rather good for Europe.ences among countries reflect load factors and opera-

tions as much as intrinsic differences in vehicle intensity. These findings can be illustrated in another way.
The dip of modal intensities for Swedish buses and rail Figure TI-13 shows the evolution of per cap/ta energy use
in the early 1980s is not unusual. During the early fo,' trevel in Sweden and in other countries we have stu-
1980s, high fuel prices and a depressed economy died. The strong decline in the fuel intensity of autos
boosted bus travel, increasing load factors and reducing led to a drop in this indicator for the U.S between 1973

modal energy intensity in most European countries. Air and 1989. In Japan and the EU-7, by contrast, per capita
travel intensity in Sweden is one of the lowest in Europe. energy use for travel increased strongly. The increase in
The downward trend in the energy intensity of Swedish Sweden was much less, and driven almost only by the
air travel is typical for every country we studied. In vir- increase in the total volume.

tually every OEC.D country, the energy intensity of What happened in Sweden? Sweden saved more
domestic air travel declined steadily because of energy than did other countries, in spite of relatively low
improved aircraft design and increased proportion of fuel prices, a low tax burden on private vehicles, and a
seats filled. Energy use per passenger-kin thus fell by as geography favoring auto and air travel. The reasons
much as 40% in Europe and 50% in the U.S. seem to be similar to those behind the savings in energy

Figure TI-10 summarizes the difference between in the household and service sectors: relative to other

travel energy intensities in Sweden and other OECD countries in Europe, Sweden's structure was well-

countries.The firs_bar foreachcountryshows actual developedand relativelyenergy-intensivein 1973.

aggregatetravelenergyintensityin1988,measuredin Whileothers"caughtup" (particularlyintermsoftotal

MJ/passenger-krn.Sweden lieswiththeotherScandi- travel,carownership,and carmuscle),Sweden'sgrowth

navian countries,intermediateamong the OECD was moderated.Only inthe U.S.,Denmark, Norway,

nations,buthighforEurope.The secondbarshowsthe and Italydidautomobilevehicleintensityfallasmuch

figure that would have prevailed in Sweden given the as in Sweden. Norway, Denmark, and Italy experienced •
nation's own modal energy intensifies but the average very high taxes on automobile use, while the U.S., start-
modal mix for the OECD. Sweden's position is hardly ing with a very energy-intensive system, was prompted
changed. The position for Japan changes because the by CAFE fuel economy standards until its fleet came
role of cars is boosted when the OECD average mix is closer in line with those in Europe (Figures TI-5 and TI-
used to calculate the aggregate intensity. That Sweden's 8). Indeed, examination of Figure TI-8 does not suggest
figure changes so little suggests that it is indeed high that energy use for automobiles in Sweden is much out
individual intensifies and not the modal mix per se that of line from the general relationship suggested in that
contributes to the high intensity of travel in Sweden. picture, and Sweden's position in Figure TI-9 also looks

"correct".How do these differences look in a time perspec-
five? If we decompose the overall changes in energy use

8-18



Automobile Fleet in OECD Countries
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Energy Use for Travel
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8.5. The Transportation Sector. Freight encourage both use of light trucks as passenger vehicles

Freight has played a minor role in driving fuel as well as inefficient use of trucks for small loads.

demand in most OECD countries. But the increasing Sweden's other modes of freight transportation

role of trucks and the increase in the fuel intensity of have energy intensities that are low compared with

truck freight in North America and many European other countries in Europe, the U.S., or Japan. Since these

countries, coupled with expectations of greater freight modes are together more important in Sweden than in

activity after the Single Market, means that energy use most of the other European countries, the aggregate "

for freight is on the rise. energy intensity of freight in Sweden is low. This offsets

In Sweden, domestic freight activity per unit of Sweden's somewhat higher ratio of domestic freight to

GDP is high compared to other OECD countries in GDP. As a result, the ratio of freight energy use to GDP -

Europe (Figure H-l). 13 The importance of raw materials in Sweden is slightly lower than the EU-4 average or

processing in Sweden increases the natural role of that of any of the other countries shown in Figure FI-3.

inland or coastal shipping and rail freight, which also The impacts of modal shifts and changes in modal

explains why the share of these two modes is so high in energy intensities on freight energy use are similar to

Norway and the U.S. compared with the EU-4. what occurred in most OECD countries. The shift in mix

Significantly, the ratio of domestic freight carried to towards trucks increased energy use for freight in

GDP fell in Sweden, a trend observed in all the countries Sweden by less than in Norway, Denmark, or the EU-4

we studied. (Figure FI-4). Changes in individual modal intensities,

The energy intensities of each freight mode in by contrast, raised energy use for freight in Sweden
more than the increase in other countries (Figure FI-5).Sweden differ significantly from those in other coun-

tries. The most important of these is that for truck Indeed, a slight decline in intensity is indicated for the

freight, which is very low, although it has increased in EU-4, Norway, and the U.S. Recall, however, that indi-

the 1980s (Figure H-2). The low level may be explained vidual and aggregate intensities in Sweden in 1973 were

by the importance of raw materials, particularly forest the virtually the lowest of the countries studied. In this

products, which are shipped around Sweden by truck, light, the increases over the succeeding 17 years do not

Also, Sweden's laws permit larger single-unit trailers seem unreasonable.

than do those of most other European countries. Finally, The contrasts in energy use for freight in Sweden

traffic on Sweden's main trunk roads is considerably less and other count_.es are best illustrated in Figure FI-6.

congested than traffic on the Continent or in the U.K. While per capita energy use in Sweden is close to that in

But the rising intensity in Sweden is shared by the fleets the EU-4, it lies below the values for the U.S., Japan, and

of most countries, caused principally by the drop in the remaining Scandinavian countries shown. The increase

typical size of the load and the increased number of light was fueled by all three forces: higher modal intensities,

trucks. The same effect has been observed in Norway more trucks, and a slight increase in the ratio of freight

and Denmark, driven in part by tax loopholes that to GDP.

13Transittrafficbetweenccnth_entad_ andScandinaviaplays•
smallroleinthetotalf_n_htsl_ommmofSwedcw.We havec_n_d
thisheightinthetotal,sinoewearcumabletosc_rate ema'gyuseforthis
f_ight ft_ thatfordomesticf_ight.

i
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Domestic Freight Activity and GDP
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Energy Use for Freight
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8.6. SUMMARY: ENERGY USE IN SWEDEN AND OTHER INDUSTRIALIZED COUNTRIES

The structure of energy use in Sweden is more designed and sold in the largely international market, as
energy-intensive than in other important OECD coun- well as conditions in each country that affect the adop-
tries. Individual intensities of energy use in Sweden, on tion of energy-using---and energy-saving---equipment.

balance, are higher than in many other countries (except We summarize the impact of energy savings on
for the U.S.). Intensifies dropped somewhat less in energy use in several other countries, including Norway,
Sweden than in most of the other countries we studied, the U.S., West Germany, and Japan using the same
Thus, while Sweden was already relatively energy- measures discussed in Section 7. Figure IS-3 shows the "
intensive country in 1973, the changes intended to impact of changes in delivered energy intensities on
reduce energy use during the period up to 1989, while delivered energy use over time in each of these countries
significant, still left the economy relatively energy inten- between 1973 and 1989, all other factors held constant.

sive. Figure IS-4 shows the same affect applied to primary
energy use. (This is the first method of measuring

8.6.1. Is Sweden Different? energy savings discussed in Section 7.) For comparison,

Figure IS-1 shows per capita delivered energy use energy use in 1973 is set to 100. It can be seen that the
by sector in six countries (Sweden, Denmark, Norway, intensity effect in Sweden lay among the largest if only
the U.S., West Germany, and Japan) in 1988 or 1989. Fig- delivered energy were considered, but fell behind those
ure IS-2shows the same measure as primary energy use. for the other countries (except Norway) when primary
The obvious variations arise out of differences in the lev- energy is analyzed. Note that Japan, which is often
els of sectoral activity, the structure of activity in each credited with leading energy savings achievements, lies
sector, and the energy intensities of each activity, all of in fourth place by either measure, while Norway shows
which shape each country's energy use. Differences in almost no energy savings by either measure. Note, too,
fuel mix, which we have not analyzed in detail, play the slowdown in the rate of decline of the intensity indi-
some role as well. The most obvious of these is the role cator after 1985 in every country.

of electricity, which changes Sweden's per capita energy Rankings of these changes by sector explain the
ranking, position Sweden attained. Figure IS-5 compares the pri-

The aggregate figures presented in Figure IS-1 or mary energy intensities in 1988 with their 1973 values on
IS-2 hint at some of the most important differences in a sector by sector basis. It can be seen that in the coun-
energy use we encountered. Per capita delivered energy tries with the deepest savings, Denmark, the U.S., and
use in Sweden lies near the middle for the five countries Germany, almost all sectoral intensities declined, while
shown, well below that of the U.S. or Norway, but close in the remaining countries, including Sweden, two more

to that of Japan or West Germany. Per capita primary sectors experienced increases in energy intensities.

energy use ranks high, with Norway and the U.S., For each country, Figure IS-6 portrays energy
because of the important role of electricity in Sweden's saved, iz., the amount by which total primary energy
residential, service, and manufacturing sectors. By con- use would have differed in any given year had not
trast, travel and freight boost the U.S. position compared energy intensities fallen. For Sweden, almost 5% more
with the other countries dramatically in either formula- energy would have been required in 1989 (4% in 1988)
tion. without energy savings, well below Denmark, the U.S.,

W. Germany, and Japan, but ahead of Norway. The posi-

8.6.2. Energy Savings Achievements Since 1973: Inter- tion of Japan may seem odd, given Japan's reputation .,
nafionalComparison for energy efficiency. In effect, the improvements in

In the aggregate, energy savings in Sweden, corn- Japan were concentrated into two sectors: manufactur-
pared with 1973 or 1989 consumption, rank low corn- ing (with other industry) and freight, that are tied to
pared with the achievements of most of the other coun- international competition. Other sectors performed "
tries we studied. And these savings were focused in poorly by our measures, hence the overall results for

only a few sectors, which is cause for some concern. In Japan fall behind those for Denmark, the U.S., and West
other countries, savings were distributed more evenly Germany.

among many sectors. Finally, the rate of savings in We can also compare the importance to the evolu-
Sweden has slowed markedly. This observation is con- tion of total energy use of both intensity changes and
sistent with an international trend that reflects changes structural or activity changes in Sweden with develop-
in both the kinds of energy-using equipment being ments in other countries. Figure IS-7 shows these effects
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in the six countries. The activity effect in Sweden had a • Sweden is the coldest country, with the largest homes

significant impact on energy use, less than only that in in Europe and the most residential and service-sector

Japan or the U.S. The structural effect was median; space per person in Europe. These factors raise heating
structural changes boosted energy use in Norway, Den- energy use significantly;
mark, and West Germany far more than in Sweden, but

• Sweden has the highest per capita travel in Europe and
had a smaller effect in Japan and the U.S. This differ-

" ence arose primarily because the contraction of energy very high domestic freight per unit of GDP, a median

use in manufacturing in these two countries from struc- share of automobile travel and truck freight in each

rural changes was so large, sector's respective mix;

• After Norway, Sweden has the most energy-intensive
Figure IS-8 shows the impact of changes in

industrial structure of any high-income OECD country;
activity and sectoral structure in a different light. We

calculate the changes in energy services for each country • After Norway, Sweden has the highest penetration of

and compare then with growth in GDP. By this me.as- electricity in all sectors of any country in Europe.

ure, Sweden experienced a small decline in this indica-

tor, which was even smaller in the U_S. and positive in These factors all raise energy use in Sweden relative to

West Germany but significantly larger (and negative) the other countries portrayed in Figure [S-1, except the

elsewhere. Note that the decline in energy intensities U.S., and for a few sectors, Norway. That is, Sweden is

and in the ratio of primary energy to GDP in Sweden more energy intensive than virtually any country in con-

were nearly equal, while these diverged significantly in tinental Europe, including Great Britain. The high level

Norway and Japan. This helps explain the difference of electrification also raises Sweden's pr/mary energy use

between the intensity effect and the change in the actual to high levels.

ratio of energy use to GDP that we have measured in Changes in energy use between 1973 and 1989
each country. In other words, the ratio of energy/GDP tended to reinforce all of these features of the Swedish

overstates considerably the decline in energy intensities, economy, and almost kept pace with overall GDP

and therefore the improvements in energy efficiency, growth in propelling upward energy use. The total area

achieved in Denmark, Japan, and especially Norway, of built space, the mix of output in manufacturing, and

gives a mild overstatement for the U.S. and a small one the levels of both freight and travel increased. Only the

for West Germany, but is accurate for Sweden. decline in the share of manufacturing in total GDP

These international comparisons reinforce an impor- tended to reduce the energy intensity of the Swedish

rant lesson." The ratio of energy use to GDP is a poor measure economy.

of energy effuriency and comparisons among countries should The relative position of energy intensities in

be made without references to it because changes in that ratio Sweden is mixed. Space heating intensity is the lowest

over time give a poor measure of improvements in efficiency among the major OECD countries. The intensity of

over time. The distortions that arise when this simplistic ratio truck freight and freight in the aggregate is also very

is used for Sweden are small, but much larger among the low. By contrast, the energy intensity of travel is one of

other countries we have studied, the highest in Europe, and the intensities of individual

branches of industry are moderate to high by European
8.6.3. Sweden Is Different standards. Declines in these intensities were for the

most part average for Europe, but less than average in aThe structure of energy use in Sweden differs con-

siderably from that in the other countries studied, few cases. As a result, energy efficiency gains in

although patterns in Norway come closest to those in Sweden were somewhat less than those that occurred in

, Sweden. The most important factors are: many of her neighbors, particularly if we measure the_
gains in terms of primary energy use.
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9. ISSUES FOR THE FUTURE: WHAT WE LEARNED FROM THE PAST

Our analysis of energy use in Sweden since 1970 management procedures.

has revealed that both evolution in the structure of Turnover of industrial equipment, buildings and

energy use and improvements in efficiency caused fun- their equipment, and the gradual renewal of the tran-
damental changes in total energy requirements. We sportation fleet has clearly led to energy savings that can

• suggested that the overall level of energy savings in be ascribed to technology. Persistent actions to improve
Sweden was only modest, considerably behind the say- existing heating systems by outfitting them with various
Lugswe measured elsewhere. This would not in itself be controls also count as technical change. These kinds of

controversial, except that a long series of Swedish changes pervade every sector of energy use in Sweden,
' energy policy proposals from the 1970s and 1980s and appear to have made the largest contribution to

focused on improving the efficiency of first energy use, energy savings by 1990.
then electricity use. Present interest in energy saving
arises from environmental concerns, although there is By contrast, the decline in space heating that

occurred rapidly in both 1974/75 and 1980/81 was shortstill a lingering malaise over the future of nuclear power
in Sweden. Whether the rate of efficiency improvement lived, in part because the efficiency of Swedish heating

practices meant that the marginal savings from decreas-in Sweden will be re-ignited, however, depends on
several issues that we raised in our sectoral analyses and ing temperatures one or two degrees were small. By

1990 there seemed very little residual "sacrifice" from
international comparisons. We will address these issues
here.1 uncomfortable indoor conditions. And while there may

have been increased vigilance by energy managers in
9.1• The Nature of Improvements to Efficiency industry and buildings in the mid-1970s and again the
Between 1970 and 1990 1980s, these effects seem to have worn off. This means

It is important to summarize the nature of that the short-term, behavior component of reduced
improvements in energy utilization that occurred up to energy intensities is small, probably less than 10%of the
1990. Understanding these improvements is crucial to total savings we have measured.

judging whether we ".anexpect similar developments in 9.1.2. Permanent or Reversible Improvements in

the future. Energy Efficiency?

9.1.1. Technical or Behavioral Changes? When we consider all factors, it appears that well

It is possible to estimate the components of energy over 90% of the total savings we measured in homes,
savings that are related to either technical changes or to transportation, and industry, are permanent because they
changes in behavior. Technical changes are those arose through the application of technology. Reductions
involving how energy is used and are carried out slowly in energy intensities so gained will likely never be

as technology is modified or replaced. In contrast, reversed. In a few activities (production of energy-
changes caused by behavior are carried out very rapidly, intensive materials, space healing, driving), reduced
Technical changes have little impact on comfort, energy intensities permit the very activity for which

behavior, or productivity and output, and may enhance energy was saved. This "rebound effect", however, is
small by most estimates (Schipper and Meyers et al.these qualities of life or work. By contrast, some

behavior changes can involve "sacrifices" of comfort or 1992).

mobility. These "sacrifices", such as those related to Energy savings gained through behavior change,
lower indoor temperatures or more careful use of hot by contrast, are by no means permanent. From all the

water, may become routine as individuals become surveys we reviewed, we cKdnot find a significant cam-
accustomed to more energy-frugal behavior. However, ponent of the Swedish population that had (or has)
they can reverse with lower energy prices or higher made important changes in their indoor heating habits

incomes, or simply because of a sense that the crisis has (Schipper, Meyers, and Kelly 1985). Indeed, indoor tern-
passed. An intermediate change occurs if energy users peratures of 20-21 degrees reported to the 1981/82 SIB

manage their consumption more carefully and energy survey appear to have been the highest of any cold
use falls: Little comfort is lost. Who would argue that country in Europe. This is not to castigate Swedes for
Swedes living at 21C today are living with sacrifice cam- enjoying well-engineered comfort, but to emphasize that
pared to those who sweated through 24C before 1973? little of this comfort was sacrificed to save energy. In
This change is reversible too, if users begin to ignore that sense, there is little comfort sacrifice that we expect

will reverse in the coming years.
I This chapter (and the one that follows) draw heavily on simi-

lar chapters in our report on Danish energy use. There is clearly a small potential for further rever-

sal of energy savings in large buildings gained through
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behavior and management change, however. Our per- structural changes, such as increases in automobile size,
ception is that Swedish buildings, while slightly cooler home appliance size (or number of features), and com-
than before 1973, are slightly warmer today than in the fort levels in homes and buildings. However, the stan-
1980s, a situation not restricted to Sweden alone. Lower dard of comfort in Sweden, as measured by house size,

energy costs relative to the early 1980s, particularly dur- indoor temperature, and central heating penetration,
ing the extremely mild winters that have become "nor- was clearly the highest in Europe in 1973; much of the
mar' since 1989, permit building owners, operators, or rapid growth was slowing. And the trend towards elec- •
occupants to pay less attention to their heating costs, tricity or district heat for heating had already begun and

But at some point, such inattention leads to overheating, was merely accelerated by higher oil prices. Thus these
In the past, Swedes opened the windows to deal with structural changes may have slowed as saturation ,
this problem! Hopefully renewed interest in energy say- approached..

ing spurred by higher fuel prices (in turn a result of the Not surprisingly, the post-1973 reductions in
lower krona) will stimulate energy management in large energy intensities for these end-uses represented
buildings that will provoke operators to continue to pay marked, but not dramatic, changes from the pre-1973
attention to energy costs. And a continued proliferation period. Part of the reason was that trends towards

of heating controls for homes and buildings even if improved insulation levels were already weU-
slower than in the past, might stem the rise in indoor established, as was the rising share of homes using elec-
temperatures in homes that could occur if winters stay tric or district heating. Clearly, energy prices and
mild and prices low. energy conservation policies together had an important

Another important behavior change affecting impact on energy use, particularly in buildings.
energy use is the choice of cars over buses or trains for 9.1.4. Fuel Switchingshort- and medium-distance travel. The share of cars in

total travel appears to have stabilized in the last few We have not expressly dealt with fuel switching in
years, reinforced by the large increases in automobile this report.. The fuel switching that occurred in Sweden
fuel prices, after rising through the late 1980s. Much of included conversion of many oil boilers to a mixture of
this rise was a consequence of both stagnation in real oil, wood, and electricity, both in buildings and in indus-
energy prices and growth in incomes in the 1980s. If the try; outright conversion of more than one half million
real price of gasoline remains high, in real terms, we apartments to district heat, initially oil fired but now
might expect an end to the constantly rising share of produced mostly from other sources; and increase in the
automobiles in total traffic, share of new buildings with equipment for heating with

only district heating or electricity. Clearly, a significant
The trends in the freight system, by contrast, part of "what happened" to energy use in Sweden was

reflect much more fundamental forces at play than led by fuel switching of various sorts, mostly with the
merely energy costs, as we noted in our analysis of this effect of reducing oil use.
sector. Quite simply, there are no energy savings that
can reverse with lower energy prices! The shift to The effect of these changes was to reduce delivered

smaller trucks and lighter loads was driven by "just-in- energy to homes and buildings as well as industry by
time" (materials administration). The same trends have substituting electricity and district heating, with very

appeared in many countries. In addition to measures small losses at the point of use, for oil, with important
that might reverse this trend (discussed in the chapter combustion losses. Using the previous Swedish method
on freight), the rising cost of road fuels may set off a of counting on nuclear or hydro as a source for electri-
careful re-evaluation of the kinds of trucks used in city, these substitutions led to an apparent energy sav-
Sweden and of use itself, ing. The switch to wood or biomass for home heating

probably entails greater combustion losses than use of
9.1.3. Savings That Occurred After 1973: Trend or oil, but this switch was not really recognized by policy-
Br_.ak? makers until the 1980s, hence there was an apparent

We noted that the behavior of energy intensities energy savings created by the absence of estimates of
after 1973 resembled developments in the previous wood use in statistics.

decade in some sectors, but took a new course in others. One effect of this substitution bears mention

In manufacturing, the rate of decline of energy intensi- again. The availability of relatively low cost electricity

ties increased somewhat after 1973, but the decline had and virtually zero-cost wood signaled many energy
been evident for many years previously. This is con- users to switch to these sources in place of oil rather
sistent with what we have observed in many countries, than bear down harder on actual uses of oil. In this case,

By contrast, energy intensities in other sectors fuel switching substituted for conservation. In Den-
were rising before 1973. Part of this rise really reflects mark, W. Germany, and the U.S., less wood was avail-
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able to homes using oil, so the conservation effect dom- that in Sweden. (The same is true for the substitution of
inated (Schipper and Ketoff 1985). Sweden was very district heat or electricity for oil for space heating that

successful at saving oil, which was one important policy started in the 1960s). We count the impact of these
goal that was achieved. Clearly much of the oil saving long-term changes on energy use as improved
was through substitution, efficiency, in part because it is almost impossible to

A study by Aspen shows the importance of the separate them from other changes.

• conventions (Aspen 1988). He suggests that if delivered 9.2.2. The Effects of Changes in Energy Prices
energy is counted backward to its primary source (as we

Although we have not formally modelled the
do here), 207 units were required in 1986 to accomplish impact of price changes on the evolution of energy usewhat 187 units did in 1976. He measured "accomplish

tasks" using useful energy, which we relied on princi- in Sweden, we have alluded to the importance of energy
pally for our residential and services sector work. prices in the discussion of each sector. No one discounts

the importance of energy price changes in causingCounting only delivered energy, Asp4n shows 140 units
used in 1986 for what was done by 155 units in 1976. changes in energy use and efficiency. Higher oil prices
Asp4n correctly identifies one of the main problems provoked changes in energy efficiency and massive sub-

stitution away from oil, a.; we noted above. Prices for
here: there is no "right" way to count energy, other energy forms increased significantly, with the not-

What his important paper really underlines, how- able exception of prices for electricity. The price shocks
ever, is the fact that the impact of changes in Swedish of 1973/74 and 1979/80 provoked energy saving in gen-
energy end-use efficiency and intensity were not so eral, and, in the latter case, a recession as well. The fact

great as to overshadow changes caused by fuel switch- that energy intensities fell far more than electricity inten-
ing alone. That is, the measurement of energy saving in sities, even after correcting for substitution, indicates the

the other countries we studied was robust against importance of higher prices in shaping energy-use
changes in measurement from delivered to primary efficiency in Sweden. That prices signaled "off oil" more

energy. In Sweden (as in Norway), massive increases in than "energy conservation" may be viewed as a blessing
electricity use make a clear measurement of energy by some.
efficiency improvement difficult, particularly at the

More analysis of the impact of energy prices on
aggregate level. Indeed, the original policy goals of

past changes in consumption in Sweden is justified.
Energihushallning tara, expressed as a total energy use
goal for 1985 rather than targets for improving Certainly the building surveys permit a far better
efficiency, could easily be met predominantly by switch- analysis of how consumers use energy than has been

done in the past. Careful analysis of the impact of fuel
ing to nuclear and hydro-based electricity and using the
accounting system in place in Sweden in the early 1970s. price changes on choice and use of automobiles, or on

the choice of mode for freight, is also called for ifIt is vital that future energy policy makers take the effects of
environmental policies, particularly taxes, are to beaccounting for fuel substitution on energy use into account in

formulating their goals, designed correctly to affect fuel choice and fuel con-
sumption. Finally, the rapid substitution for oil by both

9.2. Causes: Trends, Energy Prices, or Programs? biomass and electricity were driven mostly by higher oil
What were the underlying causes of the changes prices, but we have not counted this change as "energy

in energy use efficiency in Sweden? We cannot divide conservation." Yet there has been almost no disaggre-
the aggregate energy savings in Sweden into exact por- gated economic analysis of the impacts of changes in
tions permitted by technological or other trends or energy prices on use and efficiency in Sween.
caused solely by higher energy prices or imposition of
energy policies. Clearly all three factors-- influenced 9.2.3. The Effects of Energy Efficiency Programs

- energy use. This section discusses the interplay of the The third cause of improvements in energy
underlying causes of improved energy use. efficiency is efficiency programs. By "cause" we

hypothesize that a program or policy (other than higher
9.2.1. Technological Change energy taxes) caused improvements to occur that would

The preceding remarks suggest that some of the not have occurred otherwise, or would not have
energy savings that occurred in Sweden after 1973 occurred as rapidly. While it is almost impossible to

would have occurred anyway, as part of long-term measure the impact of most energy efficiency policies, a
trends in technological progress. These trends in few observations are in order here.
manufacturing and other industry are universal. Higher In the 1970s, Statens lndustriverk fostered a modest

prices for fuels and district heat accelerated what was energy efficiency program that provided grants and
already underway in an open, competitive economy like loans to small and medium sized concerns (SIND 1979).
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But the total savings from this program are small com- the imposition of energy-saving provisions standards in
pared with the overall savings we measured in our SBN-75 does not appear to have forced improvements in
study. This point is important: the program was suc- the thermal characteristics of new buildings beyond what
cessful, but its overall results were small compared with might have occurred with only pressures from higher
manufacturing energy savings at large. And the savings energy prices and the existing policy mechanisms that
in manufacturing represent, in part, a continuation of financed these improvements. Indeed, we showed in

long-term technological trends. Therefore, it is hard to Schipper, Meyers, and Kelly (1985) that SBN-75 require- •
ascribe much of the energy savings that arose in Swed- ments as stated in 1975 were already behind current
ish industry to conservation programs per se and even practices at that time. It was not until ELAK was

tougher to divide the savings we observed into a long- announced in the early 1980s that requirements moved .
term component and one stimulated by energy prices, beyond average practices. Thus only in new electrically

While international competition was the real driv- heated single-family dwellings built after 1980 could one

ing force behind energy saving in Swedish industry, detect a forcing element in the thermal requirements,
one whose cost effectiveness was debated vigorouslySwedish building owners, operators, or occupants are
but then generally accepted. Not surprisingly, newnot really "competing" with anyone for low energy costs.
homes in Sweden are still the most efficiently heated inThe drop in oil intensity after both price increases cer-

tainly had an important relation to the price increases all of Northern Europe. Thus the predominant reason
for improvements in heating in Sweden was policiesthemselves. Nevertheless, technology has made more

and more efficient heating systems (and building sys- already in existence before 1973, reinforced by higher

terns) available in Sweden even without the provocation energy prices.
of higher energy prices. If energy prices were failing, In the transportation sector it is hard to identify

why was this the case? concrete energy-saving policies in Sweden. The "0.85

To answer that question, just compare Sweden program" encouraged manufacturers to sell less fuel-
with Denmark or Norway. Until recently, Danish build- intensive cars than otherwise, but other Swedish policies
ings were far more energy-intensive than those in stimulated Swedes to acquire vehicles that are heavier
Sweden. The reason was that there was no institutional and more fuel-intensive than those used in Europe as a

pressure or encouragement for far reaching investment whole. Clearly a small reduction in fuel intensity
in energy savings in Danish buildings. And Norwegian resulted, but it is almost impossible to apportion this
homes in 1973 were heated with a mixture of small change between higher prices or the "0.85" policy. It is

stoves using kerosene and wood as well as a large certainly evident that taxation of motor fuels for private
number of small electric heaters. Comfort levels were transportation had an important impact on restraining

low. In Sweden, by contrast, homes were both efficient both travel and fuel use, as well as reducing fuel inten-
and very well heated. The reason for the difference was sity. But the motivation for such taxation is ages oldm
that Sweden had a fundamentally different way of fiscal considerations related to both the balance of pay-
financing new construction that favored adoption of ments and raising revenue---so it would be unfair to
many energy-saving technologies, and space heating ascribe the savings Sweden experienced in travel-related
efficiencies were improving at a rapid pace even before energy use to "energy policies" per se.

1972 (Schipper, Meyers, and Kelly 1985). The changes in Technology did provide important energy savings
energy use in homes and buildings in Sweden had been in manufacturing. Sweden also expanded her
gradually introduced through technological develop- comprehensive policies promoting energy efficiency in
ments, the pace of which was stepped up after 1973. By buildings to push energy savings, and this effort has
contrast, the changes in Denmark and Norway occurred now been extended, saving electricity through Teknik

abruptly when energy prices increased. In all these Upphandling and Uppdrag 2000. At the same time, the -
countries, however, prices were an important cause of Swedish government presented its citizens with
the savings in the short term. But this merely accelerated increases in the prices of heating fuels without similar
the long-term trend in Sweden, rather than causing a increases in prices for household electricity. As a result,
break, the message was mixed. Given the relatively efficient

Certainly programs designed after 1973 to state of Swedish buildings, savings in heating were not
encourage savings in homes and buildings contributed as dramatic as in Denmark, W. Germany, or even the

to some of these savings that actually occurred, although U.S. This does not mean that the various energy saving
we argued in Chapter 2 that programs could not be the programs for buildings were ineffective or inefficient,
major reason for improvements in energy efficiency in only that their overall impact was modest. Unlike Den-
existing buildings in Sweden that occurred after 1973 mark, the largest contribution to total energy savings in
(see also Schipper, Meyers, and Kelly 1985). Similarly, Sweden came from improvements in manufacturing,
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with these driven mainly by higher oil prices. And will increase in relative importance.

while the 0.85 program stimulated auto manufacturers
9.2.4. The Plateau of Energy Intensity

and importers to market fuel efficient cars, the results

were only a modest decline in real world fuel intensity. The plateau of energy intensity is evident in both

For this reason, it is tempting to attribute most of the the building sectors and in industry. Part of the reason

savings of energy in that country that arose between for this plateau is the stagnation in most energy prices.

, 1973 and the late 1980s to long-term technological trends While there is still a difference in average energy intensi-

and to higher fuel prices, bolstered by certain energy- ties between new homes, new cars, or new machines

saving programs, and older ones, this difference is smaller now than that
which was evident from the fall that occurred during the

, Energy-saving programs have not faded from
first half of the 1980s. 2 Intensities are falling, but much

Sweden entirely. In particular, there has been a great
more slowly than before 1985.

deal of focus on electricity savings in all major sectors of

stationary energy use. These appear to be effective, if To be sure, "stagnation in energy prices" is some-
the efforts towards improving home appliances (particu- what misleading. The real cost of heating is higher

larly the low-energy refrigerator)or increasing sales of today than in 1973, so the marginal cost of keeping

low-energy compact fluorescent bulbs is any indication, homes or buildings to a given temperature is also
Nordnorm is likely to lead to adoption of efficiency stan- higher. The improvements in energy utilization in

dards at least for home refrigeration equipment. Teknik industry, by contrast, appear to have overcome much of
the impact of the increase in real fuel prices, particularlyUpphandling could lead to rapid improvements in many

other technologies used in homes or buildings. And after taxes were reduced in 1992. And Swedish drivers

Teknik Upphandling could lead to technological develop- in 1988 paid only slightly more for fuel to drive one

ments among, indu._tries important in Sweden (steel, kilometer than they did in 1973, once the taxes on gaso-

paper and pulp, and for all industries, heat recovery) line were lowered. Significantly, that changed dramati-

that might even be exported to other countries. This cally in the following four years. Indications of a small

means that even with stagnant drop in drivirtg in 1990 and 1991 suggest that a per-

energy prices, we could expect electricity intensities in manent change in the use of motor fuels may be in the

industry, homes and the service sector to fall gradually, wind.

yielding economic gains to users. Thus in Sweden the plateau of energy efficiency

Thus, the efficiency of energy and electricity use may be short lived. Higher prices for transportation

in Sweden can be expected to continue to improve, even fuels, pressure to raise electricity prices closer to levels
if at a slower rate than in the 1980s, because of both in other countries, and, most recently, the weakened

energy-saving programs and technological progress, krona leading to higher oil prices suggest that Sweden in

This means that the contribution of energy efficiency the early 1990s will feel much more pressure to save

policies and programs to savings will slowly increase as energy than will many other countries. Fortunately,

more homes and buildings are affected by the programs there appears to be a significant potential for reducing
and standards of the 1980s and 1990s. heating needs in existing buildings, the most long-lived

The key question is how rapidly policies (includ- part of the energy-use system. And the potential for

ing energy taxes) can increase that rate of savings. The great changes in transportation and in the use of electri-

hidden question is whether individuals and companies city in homes and buildings for purposes other than
heating is well documented. Perhaps Sweden will

are prepared to pay higher energy taxes as part of a

package to stimulate the improvement of efficiency. "catch up" with many of her competitors in the energy'

That is, higher prices reinforce the effects of policies, efficiency race in the next few years?

" This is particularly true for transportation. How- 9.3. Conclusion: Sweden is Different

ever, the price question appears moot: Road fuel prices

in 1993 were almost 33% higher, in real terms, than they The foregoing comparison has revealed many

. were in 1988 (Eriksson 1993). Restraint of CO 2 output in important characteristics of Sweden's energy use:
this sector to the 1990 level in the year 2000 means that 1. Sweden has the most energy-intensive structure of

this price hike must be maintained in real terms, which any of the OECD European countries we have stu-

appears likely given the present fiscal imbalance in the
2 The fall In industrial productlor_ from 1990 onwards also con-

Swedish budget. Thus we expect price driven energy tnbuted to this slowdown, as capacity utihzauon fell, wb,ch t¢,,:o._

savings in the 1990s in Sweden to be substantial, but the to raiseenergy intensities

components driven by policy (transportation, buildings)
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died) 7. The plateau of energy efficiency that characterizes

2. Sweden achieved moderate energy savings, corn- energy intensifies since 1988 is widespread among

pared both with the savings we measured in other wealthy countries. Only a concerted effort focus-
countries and against the depth of Sweden's pub- ing both prices and efficiency policies will reignite
lic energy efficiency efforts and policies, serious investments in energy savings and exploit

those possibilities largely passed over during the
3. The judgment of the degree and success of 1980s, particularly where electricity is used.

Sweden's energy efficiency efforts is clouded, and
to a certain extent overstated, by the issue of how 8. With the debate over nuclear power now rela-

to count the hydro power and nuclear power that tively quiet, a much more fundamental debate
directly or indirectly substituted for fuel use, prin- about sustainable development has taken much of

the attention in the energy and environmentalcipaUy oil, in buildings, industry, and power gen-
eration, debate. Sweden's recognition of both local !

environmental problems (SOT NO x, emissions4. Outstanding for Sweden (and Norway) is the
from motor vehicles - including NO 2, water poUu-one-sided development of prices. Great increases tion, etc., and global environmental problems like

for oil and oil products were not matched by any- CO2) has clearly raised interest in energy use, oue
thing more than moderate changes for those for of the major sources of pollution, and ene.:gy
electricity. These low electricity prices were efficiency, one of the tools that would restrain use
natural, because both nuclear and hydro have

and therefore pollution. Sweden's acceptance of
been ostensibly cheap electricity sources, so-called green taxes as part of a broad effort
Nevertheless, the effect of low electridty prices is towards dealing with environmental problems is
clear: the incentive to improve efficiency is weaker in the vanguard among industrialized nations.
than in Denmark, W. Germany, or even the U.S.

Thus Sweden is poised to realized significant
5. Energy efficiency policies, which were focused on energy savings in the coming years, because: 1) energy

buildings and then on heating, while in large part costs are likely to rise through internalization and the
successful in their own right, only accounted for a devaluation of the currency 2) efficiency programs have
small part of the total energy saved in Sweden as brought forth new technology for using--and savingJ
we measure savings. O'he Swedish government electricity, and 3) concem for environment is forcing
probably spent more money in subsidies or low- even more energy savings as a byproduct of environ-
interest loans, per capita, than any other national mental improvement.
government with the possible exception of
Denmark's. See Schipper 1984a or Schipper, 9.4. Future Prospects

Meyers, and Kelly 1985) Most of the savings Immediate concerns in Sweden hover over the

between 1973 and 1990 were either caused by current recession. During previous periods of recession
long-term technological trends (reinforced some- (1975-76 and 1980-82), energy intensities in industry nor-
what by policies or prices) and by higher energy really increase or at least fail to decline at historical rates

prices, because capacity utilization falls. Declining output

6. As Uppdrag 2000 has pointed out, factors other overall reduces industrial energy use. At the same time,
than changes in energy prices can contribute to energy use for travel and freight often falls with declin-
changes in energy efficiency. For industry, there ing travel and freight, while energy use in homes fails as
are few lasting examples anywhere of major households reduce as many of their variable expendi-
changes in energy use not supported by energy tures as possible. The economy presents a false picture
prices, except for those changes caused by long- of energy saving.

term technological change. Where non-price fac- Presuming Sweden's economic problems are
tors are crucial, however, is when efficiency stan- resolved soon, energy efficiency concerns may surface as
dards or procurement (Teknik Upphandling) is part of the process of improving economic efficiency. .

applied to push technology in the real market Indeed, the most rapid improvements in efficiency in
closer to levels of efficiency that pay in principle, U.S. manufacturing took place after the great recession
or when efforts, are undertaken to market energy of 1981/82 (Schipper, Meyers et al. 1992). At this time,
efficiency opportunities, several old issues will surface again, issues that must be

resolved if Sweden is to confront energy use in theWhencomparedwithNorway,theimpacton energyuse of
the lifestylesofSwedesmorethanoutweighsthedifferencesinthe future.
structureofSwedishandNorwegianindustry.
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First, the decades old controversy over nuclear And will the mobility of the average Swede, like
power must be resolved. The earliest plants will face that of the Dane and the Norwegian and German, con-
natural retirement early in the next decade (and cen- tinue to rise towards that of the North American? The

tury). What will fuel electricity production after that? large volume of the built environment means that

Next, the present energy and electricity saving programs Swedes move from one place to another with increasing
must be carefully evaluated. Which ones clearly pro- frequency. And Swedes have more paid vacation than

. mote economic efficiency and energy savings? Sweclen's most other citizens in the industrialized world, permit-
sectoral authorities (ministries, _'mnd, verk) can no ing and even stimulating travel, as do the many holidays

longer afford to support every effort and subsidize so and long-weekends during the year. In short, personal
many small initiatives. Third, Swedish authorities will mobility in Sweden is sell on the rise. And mobility of
have to invest to improve their own ability to monitor goods is also rising as well. Both of these trends mean
the relation between economic and pe.rsonal activity, rising energy use.

energy use, and energy efficiency (which we treat in a Finally, let us not forget that Sweden lives very
separate chapter, below). Finally, Swedish authorities much from exports, both those of raw materials and

and the Swedish people must make important decisions those from high engineering products. But what is
about the non-energy policies, stated or implied, that Sweden's real long-run niche in manufacturing, raw
have held sway over Swedish energy use. materials or engineering? Raw materials are not so

The most obvious policy addresses energy and labor-intensive, and make sense if other factor inputs

electricity pricing. Sweden has an intrinsically low-cost (including energy) are cheap because of a country's
electricity system but must import most of its liquid natural endowment. Engineering products can be
fuels. Pressures to raise electricity prices from the inter- capital- and knowledge-intensive, two other resources

nationalization of electricity markets are counterbal- Sweden commands. But simple, labor-intensive pro-
anced by privatization and the potential entry of new ducts are not important to Sweden's economy any more.
producers into the system, with the subsequent competi- If the economy continues to embrace raw materials for

tion reducing prices. The outcome is uncertain. Equally strength, energy use will be considerably higher than if
as important, oil is seen as an increasingly important engineering products expand their importance, at leas_.
source of environmental problems and at the same time for exports. The fall of the krona could favor differen-

revenues. Eventually, however, high taxation could tially the engineering products, which have a higher
lead to falling demand and diminished revenues, labor content and lower energy content than the raw
Sweden has probably not passed that point yet, but the materials. If this is the case, the energy intensity of
limits could be reached soon. Most of these issues are Sweden's export-driven industry will fall.

tied not to energy per se but to larger economic issues These four basic issues are tied to the long-range
about the structure of Sweden's economy in the future, reshuffling of priorities that began with the first major

The second important policy relates to transporta- tax reforms of 1990. Changes in taxes and tax treatment
tion. Sweden supports an energy-intensive truck and of mortgages, commuting, company car use, etc., could
automobile oriented system through taxes and other all affect energy use more than policies related directly
policies. Certainly there are also counter-incentives in to energy use. Changes in energy pricing, whether
place that reduce automobile use somewhat. But this motivated by restructuring in the power and heat indus-

tension should be resolved, at least by adopting a neu- tries or by fiscal and environmental policies, could also
tral stance---removing subsidies--towards company profoundly affect energy use. If energy efficiency poli-
cars and commuting expenses, cies are keyed to these potential changes, following them

Third, the Swedish economy has given rather lav- rather than striking their own course, the impact on
• ish support, by international standards, to homes and to Sweden's energy use could be profound: Sweden might

construction of both public and private buildings. If we well rank among the less energy-intensive countries
include second homes, of which Sweden has more, per twenty years hence, yet still be one of the most pros-

. capita, than any other country we know, we can say that perous.
Sweden has the best indoor standard of living in Europe, The other outcome, however, is not unreasonable.

and possibly in the world. But e,,ery square meter of If the present endowment of hydro and nuclear power is
this space is heated at some time, much of it for most of combined with the ample biomass resources, Sweden

the year. Shall these volumes continue to grow with might sustain a level of energy-intensive production
economy output, spurred on by policies, or will growth close to, but not much higher than today's. In this case,

be more restrained as such a high level of per capita a vigorous effort to improve energy efficiency could
space is reached? reduce the overall energy use in the economy, even if

the energy-intensive structure were more or less main-
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rained. In fact, the more energy-intensive the structure mixture of diminished importance of energy-intensive
(i.e., the more square meters are heated, kilometers production, travel, freight, and heated area (relative to
driven, tonnes produce), the more that individual efforts GDP), and reduced energy use for a unit of each of these
to improve energy efficiency tend to pay. activities. But sketching out such a scenario, or the one

This irony leads us to believe that Sweden' s implied in the previous paragraph, is the goal of future
work.

energy future may lie along a course that represents a
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10. RECOMMENDATIONS: ANALYSIS AND INFORMATION FOR BETTER POLICIES

In this study, 1 we have examined many sets of heaters, and on use of electric cookers;

energy data for Sweden, and confronted at least three
• Reliable data on electricity consumption in homes and

sets of "official" energy demand data for industry in the

process. We uncovered many key uncertainties that buildings that do not use electricity for heating;

• cloud both our analysis and, to a certain extent, our con- • More detail in the structure of fuel and electricity use

clusions. In this section we set forth three important in service sector buildings. Even if the massive STIL sur-

recommendations for research and data collection that vey cannot be repeated, enough extra information can be

, could rectify some of the problems we encountered, gained from slight expansion of the existing surveys to

The first recommendation addresses the need for better outline energy use for space heating, water heat-

basic energy data as well as information on the sectors ing, cooking, and a few of the major functions satisfied

where energy is used. The second recommendation only by electricity. 2

addresses uncertainties over how much energy has been A final, and very important task, is to study the

saved by individual energy-saving measures. The third relationship between fuel switching and energy use in

recommendation focuses on the poor understanding we buildings. How much natural gas or district heating is j

have of how individual lifestyles affect energy use. required in homes or buildings formerly using oil? How

do oil, wood, and electricity complement each other?

10.1. Demand-Side Energy Data Despite the best data base in the world (Energistatistik f6"r

In spite of its rich information, Sweden needs an sma'hus), virtually no one besides PREDECO has really
utilized this information. Results from these surveys areimproved demand-side energy data system. This is par-

ticularly true for the transportation sector. Understand- important if authorities are to judge the progress being

ing energy use in each sector is not the only important made towards the heat-saving goals implicit in both the
1978 Bill and subsequent initiatives. While the authori-step in providing better information on trends in energy

demand. It is important that good information on the tative PREDECO studies have proven suitable for most

characteristics of equipment and activity in each sector is purposes, there is much more that can be learned about

coupled to energy data. how households use energy. Influencing these house-
holds will be important if the kinds of goals expressed in

Several major uncertainties we uncovered show
Uppdrag 2000..are to be carried out for both electrically-

why better energy use data is important. The first is the
heated homes and for homes using other fuels.

separation of fuel consumption between the residential

and service sectors. Fortunately, this is now done quite An important result of such detailed information

well by SCB, through surveys of each component will be a clearer view of how energy use changes after

(s_, flerbostadshus,/oka/er). Uncertainties in dividing important policy measures are implemented or conser-

up fuels between apartment buildings and service sector vation actions are taken. For example, energy use in

buildings are small, and even the uncertainty between buildings where retrofit subsidies or rehabilitation loans
have been granted could be examined to see how muchresidential energy uses in farm houses and process

energy for farming have been reduced, was really saved. Energy use in these buildings could
be compared to that in buildings where no such meas-

Swedish authorities made an important step in ures were carried out, too. The same information could
this direction with the establishment of Energistastik in

be used to monitor energy use in recently built homes,

the mid-1970s. However, some key data are lacking particularly li_genergihus.
from this data base, data we have found available in

similar investigations in other countries. These include: Buildings are not the only sector where energy
" conservation strategies are being pursued. Present data

• Reliable information, ie., details on the kind of equip- covering modes of travel or freight are too uncertain to

ment and fuel used, on water heating, cooking equip- permit judgment of the effectiveness of measures to res-

, ment, and electric appliance ownership from the train energy use in these sectors, except after several

residential sector; years have passed. To better understand trends in tran-

• An occasional expansion of Smahusstatistik to give more
2 In the U.S., the Household Survey (Residential EnerEy Con-

detail on farm use of electricity, on use of electric water sur,tm_ Sur_ey,carriedoutevery threeyearsby theEnergyInfor-
mation A_tralion of the U.S. Depar_ent of Energy) ask._

t The material in this chapter is based on Schipper, Howarth, respondents to give the survey company permission io contact en-

Anderson, and Price, _ Use. in Dcnmarg" An International Per. ergy supplies di_y to get accurate bluing records. The Com-
speL'tivc, 1992 (LBL-32362). ra_rcial Bulldog Energy Consumpiion S_irvcy fulfills a sLmilar role for

that sector.
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sportation, authorities should extend the 10.3. What Other Countries Do about Energy-Use Data

_orunderso"kning (RVU) to cover more detail on the The level and quality of energy use data varies
use of cars and light trucks, and consider monitoring among OECD countries. 3 Detailed energy-use surveys

fuel consumption in a subset of households interviewed covering major sectors of demand are regularly carried
for RVU. Similarly, information g_hered from private out in the U.S., for the Department of Energy's Energy
truckers and trucking companies by SCB and other Information Administration, and in France for the

authorities should be extended to reflect distances and Agence Francaise pour la Matrise d'Energie. These surveys
fuel use, particularly for gasoline-driven light trucks, include information on equipment characteristics,
The same is true of rail and transit companies, and changes in energy use, and energy conservation meas-
above all airline companies. In the U.S., these data are ures carried out. "
either collected directly by the Federal Government or

Household energy use is carefully studied by reg-
through the major branch associations. In Germany,

ular surveys in France and the U.S. Partial surveys ofFrance, and Holland, the same data are available. By

contrast, the transportation data in Denmark, Norway, energy use in homes (focusing on gas use only) are car-
Canada, and Britain are fraught with uncertainty. In ried out regularly in Holland. Ad-hoc surveys of house-

Japan efforts by different ministries are often contradic- hold energy use have been out in Japan and Norway.
tory, but a generally good picture of the structure of Very little information on actual consumption is avail-
energy use in transportation emerges. Yet many of these able for Canada or Germany. Almost no surveying is
data will be vital if authorities are to monitor the ambi- carried out in Denmark. Surveys in Britain have been

tious plans for improving air quality in cities by improv- carried out by the electricity and gas industries
separately, but there has never been a full survey of both

ing motor vehicles. Sweden's information about energy consumption and structural characteristics.
use in transportation must be improved soon.

Energy use in the service sector is poorly docu-By contrast, industrial energy use data, as mented in most countries. Part of the reason is that the
reported to SCB, are quite good. Unfortunately, there is

service sector, together with the residential sector, form
little information on energy use and physical production

a residual of energy consumption once transportationof materials, except that which is produced occasionally
and industrial fuel and electricity use has beenby Branch organizations or coughed up in response to
accounted for. Complicating the picture for the service

government commissions. Given the rising electricity
sector is the heterogeneity of the building stock and theintensity seen in Swedish industry and the clear role of
uses of energy in service-sector buildings, particularlyelectricity in substituting for oil, it would be useful to

t understand both the economio and physical nature of uses of electricity. Only the U.S. carries out a complete
" this substitution, survey of building characteristics, actual fuel use, and

conservation activities in the service sector. The STIL

10.2. Energy and Lifestyles survey rates as one of the most ambitious, and, in our
view, one of the most successful anywhere, but it is

Enhanced energy-use information will also shed unlikely to be repeated. Smaller surveys have been car-
more light on the link between lifestyles and energy use. ried out on an ad hoc basis in Japan, Norway, France,
Do those Swedes who have low energy use at home use and Holland. In some countries (Canada, Germany,
more energy use for transportation? Do Swedes who Holland) the total area of service sector buildings is not
live in apartments in town centers travel more fre- even well known.
quently to summer homes (or Mallorca) than those liv-

Energy use in industry is recorded in almost every
ing in villas in the suburbs? Can we specify better the country, but few countries carry out detailed surveys
relationship between energy use for homes and personal
transportation and a f_ily's demographic characteris- that add information on processes, fuel substitution, .
tics? These relationships Will become more important as energy conservation measures. The U.S. and France are
household size falls and the average age of the Swedish important exceptions.
population increases, two factors that will influence Transportation energy use is also poorly under- .
future lifestyles in significant ways. Similarly, car own- stood in most countries, where rules of thumb have pro-
ership in Sweden is expected to increase somewhat, videci some information on both utilization of vehicles

mostly as more women acquire cars. With this increase 3 in thecourseof research'ov_ the past dozen years,LBL's
will likely come more personal travel. Understanding Inter'nationalEn_'gy Studies Group has examinedenergy data

now how these changes affect energy use will provide from Japan, the U.S.,Canada,Holland,France,Norway, Denmark,
useful information for policy makers trying to estimate Italy, West Germany, and, to a lesser extent, Switzerland, AustIia,

Finland, and Belgium.
the impacts of changing Swedish lifestyles on future
energy use in Sweden.
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and travel behavior as well as fuel efficiency and fuel respondents to its household energy use survey about

use. Almost every country undertakes travel behavior characteristics of private vehicles, their utilization, and

surveys, or freight activity surveys, but none of these are their fuel use. Because of the relationship between tran-

combined with energy use surveys as well. Energy and sportation and air pollution, we expect that authorities

Transportation authorities in France survey almost every in most countries will strengthen their surveying efforts,

mode and gather very good data on vehicle characteris- in order to monitor the relationship between transporta-

, tics and use, as well as on energy use. The U.S. asks tion activity and emissions, i
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APPENDIX A: AUTOMOBILE UTILIZATION AND ENERGY USE

During theinitial phaseof this work, we contacted 1/10 km (Hammarstr6m 1990). in contrast to TPR,
V_'g- och Traffic- Instituter (VT/), LinkSping, (Swahn 1991, (Wajsman 1989; Eriksson 1991) VTI b,_ed their estimate

1992a, 1992b; JiSnson 1993)to compare estimates of auto- on a bottom-up approach. On the basis of knowledge

mobile traffic, travel, freight and energy use. Our com- about single vehicles' performance, they did a theoreti-

• parison revealed uncertainties regarding driving dis- cal calculation of fuel use. But the VTI work is not fully
tance per car per year, specific fuel use, and total fuel documented, and does not cover the entire period. With
use for cars. We discuss these uncertainties in this these problems in mind, we review the key factors.

aPP endix.1 Number of Vehicles

Automobiles and Energy Use: The Vicious Circle VTI used number of vehicles in use (registered

In theory, the basic description of automobile use and taxed) on the first day of each year according to the
national vehicle register, published by SCB. On theand fuel consumption is simple: total annual fuel use

equals number of automobiles times average vehicle other hand, TPR used "number of autos used during the

kilometers driven times average intensity. With year". In other words, TPR included all newly

knowledge about average vehicle occupancy, you can registered, de-registered, and scrapped cars that had

also easily calculate total person-kilometer travelled, been driving during the year, but VTI did not. ("De-

However, in practice it has shown to be a complex ques- registered" (avsta.llda) cars includes those used only in

tion (Schipper et al. 1992). Transport energy statistics are the summer, for example.) From 1972 to 1989 the VTI

generally poor and Sweden is no exception. Only two estimate of the number of cars typically is about 3%

(not fully comparable) national travel surveys have been lower than TPR's. The difference for 1983 is only 1%

carried out during the last two decades (RVU 1978, while it was as much as 8% in 1986. Definition of

1984/85). One of these relied on surveys that focus on number of vehicles is not a determining factor per se,

special segments of the market, often produced with but to make the total picture correct it has to be con-

other primary purposes, sistent with definitions of other factors.

Following the energy crisis in 1973/74, more Total Driving Distance

interest was paid to the transportation sector's energy

use. In 1976, Transportr_'mnden at Staten Viigverk (Swed- The first uncertainty involves traffic, or the total

ish Highway Administration) published an analysis distance driven by private cars. There are several ways

meant to be a starting point for future work in the field of measuring this traffic. The first method uses traffic

(SjSberg and Almquist 1976). However, not until the counts, based on the number of vehicles passing a
number of checkpoints around the country. Wall's1980s was work of this kind institutionalized.

Transportr_det (TPR, The Swedish Board of Transport)-- (1990) review explains with some skepticism how
authorities use various factors to convert the counts

given the responsibility for traffic forecasting and
(registered as axle pairs) into vehicles, thence into car

preparedness for transportation security in case of an

energy crisis--analyzed and described the situation, traffic, and then into car traffic for all of Sweden. It is not
clear that this procedure is either accurate at any point in

They also presented a consistent description of relevant
time, or over time, as Wall pointed out privately. Partic-

factors. However, the methods used and background

statistics were never fully documented in writing. When ularly unsatisfactory is the implicit assumption in many

TPR was phased out of existence, the Swedish govern- analyses that traffic on the main intercity roads

ment delegated the responsibility for traffic forecasting (riksna'tet) is a good indicator of total traffic. Similarly,
authorities often use changes in gasoline sales from year

to VTI. VTI's first reported forecast was prepared in
" draft in 1992 (Swahn 1992b). to year to "calibrate" changes in traffic. But this method

relies on assumptions about changes in figures of

The TPR estimate of intensity was questioned. For specific fuel use (liters/km) as well as the share of gaso-

instance, for the TFB (The Swedish Transportation line for cars vs. other vehicles, particularly light trucks.

Research Board) project "A Transportation System Since both specific fuel consumption of cars and the

Adapted to the Environment" (Eriksson and Hesselborn numbers of light trucks (and likely their own use and

1990), TPR reported an average intensity at 1.03 1/10 km specific consumption) are changing, gasoline sales only

(Wajsman 1989), while VTI reported an intensity of 0.9 provide a zero-order approximation to changes in auto-

mobile traffic. Unfortunately, the effects we are search-1 This $_-tianw_ w'zi_ by _ Schipl:nn" and G-unnar Eriksson.

Nontldan,on leave to LBL. ing for in this work are both first-order (driving distance,
fuel intensity) and second-order (changes in these quan-
tities).
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An alternative exists, namely, the use of RVU years are excluded from this survey--cars known to
(1984/85) to estimate total driving. This is done by tabu- have comparatively low driving distances. If those cars'
lating distance travelled as driver. RVU gives several share of total stock is very low, this would not be a prob-
alternative modes of travel, including "car as driver", so iem. However, statistics for January 1, 1990, show that
this method appears to reasonably separate cars, motor the share of vehicles older than the 1975 model year was
cycles, and other vehicles, although Thulin (1993) points as large as 11.4% and as much as 5.4% of the automo-

out that there is probably some light truck traffic inciud- biles belonged to model year 1971 and earlier .
ing in the RVU figures, and Wajsman (1993), who stu- (Bilindustrif6"reningen-AB Bilstatistik 1990). If we assume
died RVU 1984/85, feels that driving of other vehicles an average driving distance for those older automobiles
may also be included. Thulin uses the RVU figure of of 5 000 to 7 000 km--everything else being equalm this
51.9 bn "automobile" vehicle-km in 1984/5 as a starting method seems to overestimate average distance by 6 to
point, to which he adds 0.6 bn veh-km for foreign cars 8% for 1990. If older data from the KOV survey are

driven in Sweden, but suggests an additional downward used, this problem seems to be less important. In 1979
adjustment of 0.5 - 0.8 bn veh-km/year for light trucks the share of older automobiles was only 3.9%,
counted as private cars in the RVU response, corresponding to an overestimation of 1.5 to 2.5%

Annual Driving Distance (Bilindustrif6"reningen-AB Bilstatistik 1979). Finally, we ' I
cannot control for the inclusion of "part time cars". It is

As another alternative, consider in greater detail important to take the entire structure of the automobile
the bottom-up surveys of driving distance by car. There fleet into account when using the KOV survey, both for
are various sources of this inforrnation--SIND 1977, point estimates of average distance, and also for estimat-
Konsumentverkets (KOV) (The National Swedish Board ing time series. The same is true for using Borgstrand's

for Consumer Policies) surveys, Bilunderhall och Repara- data, based on car inspections. The inspections do not
tioner, and other data sources (Borgstrand 1974; apply to cars less than two years old, and thereby miss
Borgstrand 1979). These indicate that private cars (i.e., most of the company cars (which are usually less than

not company cars) were driven distances of roughly 14 three years old) as well as new private cars, which are
000 - 15 000 kinyear, values which declined somewhat almost always driven significantly farther than older
after the first and second oil shocks. If these figures are cars.

multiplied by the number of cars in traffic, the result Nevertheless, the results for total automobile

gives total distance driven. (If the substantial number of traffic from the bottom-up estimate agree well with
cars used only during part of the year were included in those estimates provided regularly by TPR for the 1980-
these averages, the distance per car would fall.) 1989 period for total traffic and, with a slight correction,

KOVs calculations of annual driving distance are with those adopted by Rickard Wall, who studied corn-
based on respondents' answers to the question: pany car usage (Wall, 1990). Wall uses a slightly higher
"Approximately, how many kilometers is the vehicle figure for total traffic, derived from traffic counts. He

driven per year?" They answer by marking one of eleven also estimates the yearly distance driven by both private
distance intervals. The surveys cover private owners of cars and company cars, which are driven farther than
automobiles from the last 16 model years, registered as privately-owned cars.

in use at a certain date during spring of each year. At In VTI's forecast, a substantially higher average
first sight, the survey population is comparable with driving distance was reported compared to TPR's previ-
VT/'s definition of number of vehicles, as summer auto- ous estimates. As mentioned above, VTI based their

mobiles and some other seasonal vehicles are presum- figures for private cars on a special analysis of KOV's
ably not included. KOV and V'FI feel that the reliability recurrent survey Bilunderh_ll to determine the driving of
of these answers is high, and we agree. And KOV, private cars. They calculated the total traffic estimates
unlike AB Svensk Bilprovning, does include cars less than from their extrapolations of RVU. They thoughtfully
two years old. If some adjustment is made for cars less reduced this figure by a small amount of traffic by indi-

than one year old to obtain a yearly driving distance, viduals in "private" light trucks, which they estimate at
then KOV could cover the right population of private 0.5-0.8 bn vehicle-km. 2 They then use the yearly driving
cars. This means that we can multiply the number of distances reported by KOV, multiplied by the number of
private cars by the distance private cars are driven to get private gasoline cars in traffic, to obtain the component
total driving for that population, of traffic for private cars. After subtracting a reasonable

Unfortunately, the number of cars used in this cal- figure for diesel cars, they attribute the residual distance

culation may not be correct, given the nature of the
2 This is consistent with 60-70 000 private light trucks dnven

population surveyed by KOV or AB Bilprovning. KOV about l 1 000 kin/year.
does not take into account that vehicles older than 16
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driven to company cars. This works out to around 30 We suspect VTI overestimates average distance

000 kin/year, a figure that strikes us as very high. If the driven, especially during the last years, because of

average distance for private cars used in the V'FI calcula- uncertainties in the interpretation of RVU (1984/85) and
tion is somewhat too high (as we suggested above), chen subsequent extrapolations. Ideally, several methods

the average distance driven by company cars must be should be used to provide yearly figures on the use of

even higher in order to account for total traffic as indi- automobiles in Sweden. It would be useful to make a

• cated by RVU. If the multiplication of private cars in full comparison of all the estimates of traffic and car use

traffic times the KOV driving distance underestimates we have encountered, both published and unpublished.

private vehicle use by ignoring the cars driven for only Specific Fuel Consumption
part of the year, (and not counted in "cars in traffic",

which is based on a single point in time), then they Bilunderl'dll, quoted by VTI, suggests that average

overestimate the residual applied to company cars, intensity for private cars in Sweden is 9.53 1/100 km in

although the total traffic figure they use for gasoline- 1987 and 9.12 in 1991. These figures are not inconsistent

powered vehicles remains the same. with the test figures for new cars sold since 1978, which

How far are company cars driven? While true are known to agree quite well with figures from actual

work vehicles (those for travelling salespeople, etc.) are traffic. KOV claims that respondents' answers are reli-
often driven enormous distances, it is hard to believe able because a majority of them state that their answers

that the entire fleet of company cars (16% of all cars) fol- are based on actual calculations of fuel use and mileage

lows these patterns, which double the distance a car is driven. Lack of data about old cars is less important

driven. Recall that most of these cars are provided to from this point of view. Driving distances for old auto-

employees in lieu of income, not necessarily as service mobiles are low and therefore have a limited influence

vehicles. In the UK, for example, company cars are on average intensity. It could mean about 0.1 1/100 km
in 1990.

driven only about 25% more than non-company cars

(Hughes 1992). In Norway, they are driven about 15% However, the specific consumption of company

more (TOI 1992). In this respect, we find the estimates cars is likely to be significantly higher than that of

Wall made (approximately 10% greater driving distance private cars for three reasons. First, this study found

for company cars) more credible. Wall uses a somewhat that the average company car in the fleet is 20% more

higher number of cars ("verkligt antal", "actual number", powerful and 13% heavier than the average private car

a quantity that includes some of the cars not registered in the fleet. Second, company car rules permit the

for the entire year), and together with the traffic counts beneficiary to select extra equipment on a base model

of Statens Vdgverk, obtains a yearly driving distance without affecting his/her taxation, which often means

slightly higher than ours. turbo charging or other features that increase fuel con-

What is particularly troubling about this high sumption even more. Finally, company cars privileges
level of total traffic is that we find no reference to the t_sually include free fuel, which means that drivers need

much larger company-car distances in the large body of not pay attention to how carefully they drive. We esti-

transportation and energy literature we have reviewed, mate these conditions mean that company cars require

Surely a level of traffic this high would have been con- 15% more fuel/kin than private cars. If they are driven

fronted by one or more oi: tilese studies. That is, the 30 000 km, as VTI suggests, than the "average" consump-

problem as we see it is not one of estimating company tion for the stock should be

car use per se but of total traffic. P * 9.12 * 13750kin/year + C * 10.7 *

When these three methods are compared, the 30000km/year9.511/100km.
results leave a significant gap. The traditional bottom-

where P and Q are the shares of private and company
• up estimates and the traffic counts we reliedupon, as

well as Wall's own estimates, give figures about 10% cars in the stock, 84% and 16% respectively. If the corn-
lower than those obtained from RVU for 1984. RVU pany car distance is 20 000 km/year (a figure we would

measures the driving of people, not cars: these two favor), the average falls slightly, to 9.4 1/100 kin. For

measures should match, but, as noted above, people 1983, the KOV figure of 9.69 1/100 km becomes 10.12
dr_ve vehicles other than cars. However, if any differ- 1/100km using 30 000 kin/year for company cars; for

ence between these two measures is roughly constant 1987, the KOV intensity of 9.53 1/100 km becomes 9.95
1/100km. Clearly, our figure for the fuel intensity of tl_eover time, then the changes in activity by either measure

are consistent, because VTI 'updates' the RVU figures entire fleet depends on our assumptions about the

for succeeding years using essentially the same growth characteristics and number of company cars. Since the

rates as our sources do. This means the differences in total share of company cars in the stock has not varied

driving are roughly constant for every year. greatly, and their size and power have exceeded those of
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private cars by roughly constant amounts, this means Conclusions: Uncertainty

that the relative changes in the fuel intensity of the stock Comparing our approach with that of VT/'s
do not vary among the sets of estimates, only the abso- reveals both similarities and differences. We use the

lute level, same number of gasoline cars as VTI. But VTl's total

Total Gasoline Use For Automobiles gasoline consumption for automobiles is about 10%

higher than ours and VTl's total traffic is almost 13%

Total gasoline use consists of several components, higher than ours (taken from Wajsman 1989 and Eriks- '
The largest (over 90%) is for automobiles. The next larg- son 1991), which means that VTI has a 5% lower fuel

est is for light trucks. Much less is used for busses, intensity than we do. Unfortunately, the VTI calculations

snowmobiles, lawn motors, boats, and other miscellane- are only available for a few recent years. VTI used the

ous vehicles. Our estimates of use for light trucks, fol- 1984/85 RVU to obtain a figure for total distance driven,

lowing Wajsman, is about 16 PJ/year in the late 1980s. which is obtainable directly from the survey, but figures
The calculation of total gasoline use for automobiles, from the 1978 RVUare not available.

given VTI data, suggests that during 1987-1991 automo-
It is the company cars where the greatest uncer-

biles consumed 95% to 93% of total gasoline. TPR
tainty lies, preventing us from making a bottom-up

estimated the corresponding share to be between 87% to
determination of total distance driven. Starting from the

88% during the 1980s. In working papers, TPR also
RVU distance driven, with small adjustments for diesel

claimed that the bulk of the rest, about 10% in 1989, was

used by light trucks. Given the rise in the importance cars and light trucks, VTI finds a higher level of traffic
and thereby a significantly higher average driving dis-

(and number) of gasoline-fueled light trucks and vans,
tance per car that we do. This leads to a lower specific

the TPR estimate is not implausible, while that from VTI fuel consumption for gasoline-fueled cars.
implies either very efficient vans and light trucks or

unusually low yearly use. if the VTI assumptions are correct, then the fuel

VTI suggests fuel use by light trucks is two-thirds intensity of the Swedish fleet is somewhat lower than we
have estimated. However, both their specific consump-

of that estimated by TPR, both because VTI assume tion and ours decline at the same slow rate in the late
lower driving distances for light trucks and because they

assume only 15 L/100 km. The lower driving distance is 1980s. Thus, the changes VTI estimates are the same as

based on a 1991 survey, and seems reasonable. The those we estimate. But the VTI figures would also imply
that total gasoline consumption for automobiles was

specific fuel consumption, on the other hand, strikes us about 8% higher in 1989 than Wajsman from TPR calcu-

as far too low, given the tax incentives that encourage lated. The problem is that this extra gasoline consump-
purchasing vans weighing over 3000 kg and the key role

of light trucks as delivery vehicles facing city traffic, tion must be taken from gasoline-driven light trucks, a
substantial consumer of gasoline. By Wajsman's esti-

That is, these business vehicles are not driven by those
mate, these used 540 000 cubic meters of gasoline in

who are responsible for fuel consumption. 3 Using the 1989. To make the VTI gasoline consumption for cars

lower driving distance but the higher intensity yields work out, the consumption of light trucks must be
gasoline consumption for light trucks of about 475 tn

cubic meters of fuel, or 15 PJ in 1990, slightly less than halved. An alternative, and tempting compromise, is to

our original estimate. This leaves about 4975 tn cubic assume that the light trucks actually provide travel for
individuals that is recorded as such by RVU (1984/85),

meters or 154 PJ for private automobiles. Since our ori- which leads VTI to find more traffic.
ginal estimate was 152 PJ, this change implies a small

upward adjustment in either automobile fuel intensity Finally, VT/presents some evidence (noted in the
(which we would reject, based on VTI's reasonable con- text) that the load factor in cars in Sweden has fallen

tention that our original estimates were somewhat too considerably, from near 1.9 in the early 1970s to below .

high, or that our driving distance must be increased by 1.6 in 1990. This is not inconsistent with experience in
2%, consistent with Wall's estimates, other countries. [f this finding is correct, then the

growth in passenger travel in cars is slower than wc

(and TPR) estimate, unless VTI figures ultimately show

a more rapid growth in automobile traffic, if that were

true, then the growth in passenger kilometers in auto-

mobiles in Sweden may have grown as we stated, while

3 Rutger Friber8, Volvo, Gothenburg,made these important vehicle-kin grew even faster. However, Wajsman (1993)points in a privatecommunication,(Fnber8 1993). Accordm8 to
the same survey, 68000of thesevehicles areforpersonaluse, but points out that RVU excludes children and older people
we expectalmost allare large vans. from its estimates of travel, from which load factor can

be determined. This would raise values somewhat,
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perhaps for the entire period. The VTI proposal is not provides a complete picture of the 1970s and 1980s. The

implausible, but until we can obtain a complete picture, problem is quite simply that the fuel use per kilometer

we cannot manipulate our figures for travel, and total kilometers driven are more or less circularly

The implications of the VTI findings for our work determined. VTI have chosen a higher level of kilome-
are uncertain. If the rate of decline of automobile fuel ters and lower level of fuel use/kilometer than we have.

intensity is similar in each calculation, and the rate of Our re-analysis suggests that the "truth" is somewhere
in between, i.e., that the correct fuel intensity for gaso-. increase in traffic is the same, then there is essentially no

difference in our conclusions about energy savings. But line cars was about 9.5 1/100 km in the late 1980s. If

if the V'/'I parameters behave differently (for example, VTI's average driving distance for gasoline-powered

fuel intensity declines more rapidly in their model than cars is reduced by 8%, total gasoline use for automobiles

in ours, while distance/car increases more rapidly as approximately equals the TPR level for the end of the

well)then they willmeasureagreatersavqngoffuel than 1980s. After adjustment for the slightly lower use of

we. Similarly, if the rate of growth of passenger-km in gasoline by light trucks, the two calculations are recon-

cars is lower than we assumed, then the changes in ciled. But there still remains differences in fuel intensity
shares of travel between cars and other modes will be and driving distances of vehicles. Since we cannot vet

quite different, more heavily weighted towards collec- extrapolate back VTI's interesting approach to 1970, we"
five modes. But the same decline in the load factor cannot adjust all of the figures in our study. The vicious

means that the modal intensity of automobile travel, in circle has not yet been closed! However, it appears that

energy/passenger-kin, may not have declined at all, in the differences in the absolute level of fuel intensity in
which case the overall energy savings in Swedish travel 1973 and 1990 would be small were we to recalibrate the
could be nullified, entire period using their assumptions. This recalibration

would increase the small savings we have found for

Confusing? We think so. In the end, the problem energy use for travel, but not affect the overall results of
revolves around the estimate of total distance driven,

our study very much. Therefore, we leave the matter

since this is what must be compared with total fuel use, unresolved, pending further study by various authori-
which is related to fuel intensity. Unfortunately, we can-

ties, and, we hope, ourselves.
not resolve these discrepancies at this time in a way that
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APPENDIX B: SUMMARY OF DATA USED IN THIS REPORT

We attach as a statistical appendix a summary of "Final Energy Use" is the amount of energy at the

the data used in this study, Table B-1. Most figures were point of end use, and is equal to gross energy use minus

derived in this work from official data sources; a few non-energy uses and conversion and distribution losses.

were used with no further processing. The analyses of This category is taken from SCB. "Apparent total losses"

. developments in each sector in the text explain our main is the difference between "gross" and "final" energy use,

assumptions. Readers are referred to the Chapters or with "unaccounted" the losses we have not explicit!'/

Appendices for detailed references, observed or calculated.

The units are petajoules (1015 joules) and other The final category ("Difference, Bala_lces - LBL")

" multiplies of the joule, gives the statistical difference between the levels of final

Many details for 1974 are omitted because of the energy use calculated by adding up final demand across

influence of the first Oil Embargo and resulting distor- sectors and the "gross energy minus losses" approach.

tions from stockage and hoarding. The large residuals for solids reflects our inclusion ot
wood in the residential and industrial sector not counted

B.1. Summary Energy Balance by SCB before 1983. The residual of oil reflects our exclu-
sion of international air bunkers and some other residual

This section presents an overview of the prod uc-
oil use in transportation. As can be seen, the overall

tion and conversion of energy carriers in Sweden, as
residual is small, particularly if we exclude residential

shown on the first two pages of Table B-1. All data are wood use.
based on statistics provided by Stalistis/ca Ceraralbyr_2

(SCB). B.2. End-Use Summary Indicators

The first category, "Gross Energy Use", provides This section presents an overview of the structure
information on the total use of energy, including conver-

of energy use and energy-using activiti2s across end-use

sion and distribution losses. "Gross energy" use is equal sectors. Included is information on total energy use,

to the sum of domestic production and net imports of Gross Domestic Product, and population. The figures

energy products. Data for 1971 and 1972 are missing, for primary energy use are calculated by multiplying the

Energy from hydro and nuclear power are included use of district heat and electricity by factors of 1.15 and
under "primary electricity" counted at their theoretical

3.24 to approximate upstream conversion and distribu-

thermal equivalent, at variance with Swedish practices tion losses in a manner comparablL, with other OECD
but consistent with OECD practice, rations.

"Net Use of Oil in Refineries" accounts for the
The section reports figures on actual energy, use as

energy used to produce refined petroleum products, well as the so-called "Activity/Structure" and "Intensity"

"Non-Energy Use of Oil" measures the use of oil pro- effects. The activity/structure indicators shows the evo-

ducts as construction materials, chemical feedstocks, lution of total energy use that would have occurred ifand related items.
energy intensities in each sector had remained fi-_ed at

The next items give the net use of energy in four their 1973 values while energy services followed their

types of energy conversion facilities--central heat and actual path. The intensity indicator holds energy set-

power stations, gasworks, district heat plants, and vices constant at the 1973 levels while energy intensities

"private producers" (e.g., industrial facilities that pro- follow their historical development.
duce by-product heat and power). Negative values indi-

cate negative consumption or positive net production of B.3. Residential Sector

. a given energy carrier. The losses from each stage are The data we used follow closely, but not exactly,

shown as "Net losses", those provided by NUTEK. Chapter 2 explains how the
"Net Distribution Losses" represent the quantities end-use estimates were derived. "Population" is from

• of energy lost in the transfer of energy from the point of SCB, a mid-year average. Dwellings and the numbers

conversion to the point of end use. The "Efficiency heated by different fuels are taken from PREDECO

Coefficients" give the total amount of primary energy "Fuel heated" includes oil, gas, coal, and various renew-
required to provide one unit of district heat or electricity able solid fuels. Floor area for homes area), is taken

to end users. The difference between "primary" and from PREDECO from 1970 onward. Our degree day

"delivered" coefficients reflects the difference between figures are derived from those provided by PREDECO
production efficiency (i.e., at the powerplant) and the

Energy use for space heating (and total residential

overall efficiency, counting transmission and distribu- energy use) is corrected for climate vari,ltion_,. "]"ht,
tion losses with generation losses.
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space heat indicators are energy (delivered, useful, or B.5. Other Industry

primary using the LBL convention) divided by both This section gives summary information on
floor area and yearly degree days. For electricity, actual energy use and real value-added in the agriculture,
consumption for space heat is divided by the entire area fishing, mineral extraction, and construction industries
of the dwelling stock. Similar conventions are used for All data are from $CB. with approximationsand interpola-
hot water and cooking, tions as we explained in Chapter 4.

The ownership of appliances are taken from the
various references cited in the text. Unit consumption B.6. Travel

refers to stock averages. Figures for refrigerators and Energy use for travel by mode is derived from
combis (combined refrigerator-freezers) are added, and several references and this work. These are used to cal- "

unit consumption averaged, culate the intensities (MJ/PKM) from the activity levels
The various effects (activity, structure, intensity) of each mode, data for which come from Transportri_let

are calculated as explained in the text. Stocks of cars (and light trucks) and vehicle-kin of car
(and light truck) travel come from SCB, as modified in

B.4. Service Sector this work. The total stock of cars and light trucks was
divided by population to calculate the indicator shown.This section gives data on service-sector energy

use and economic activity (real value-added). Chapter 3
B.7. Freightdescribes how the energy consumption data were

separated from those for the residential sector. No Energy use for freight by mode is from references
correction for climate is made. in the text, as modified by this study. These are used to

calculate the intensities (MJ/PKM) from the activity ]ev-

BA. Manufacturing Sector els provided by Transportriz'detand SCB. Some uncer-

This section gives energy use and economic tainties arise over the use of gasoline in light trucks

activity (real value-added) in six subsectors: paper and
pulp, chemicals, nonmetallic minerals, ferrous metals,
nonferrous metals, and "other". All statistics are from

SCB or NUTEK, as referredto in Chapter4.
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Table B-1

SMH E2ql_GY SUMMARY 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 l_Jl 1982 19_J3 19S4 1985 I_J6 1987 1_8 I_D 1_0 198Dfl_/3
01/10/94

SUMMARY OF ENERGY SECTOR

GROSS ENERGY USE (PJ)
Oil 1271 1210 1098 1077 1211 1170 1105 1139 1031 931 850 766 719 758 771 722 706 671 649
Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 3 8 11 14 19 24
Solids 232 198 212 217 209 185 198 213 204 195 197 238 272 297 351 358 350 340 342
District Heat 0 0 0 0 0 0 0 0 0 0 0 6 11 18 21 24 23 24

Primary Electricity 166 281 276 378 409 434 497 493 525 653 666 727 831 903 974 1013 1005 1031 1022
Total 1669 1689 1586 1673 1829 1789 1801 1845 1760 1779 1713 1730 1828 1972 2123 2125 2099 2084 2060
BUNKERING 50 47.9 51.0 46.7 53.3 47.1 46.2 37.0 35.9 27.2 23.4 23.4 22.1 23.7 27.4 33.6 28.1 28.7 28.5
NET OIL USE IN REFINERIES(PJ) 337 460 449 484 615 629 662 687 749 592 559 622 614 592 651 676 651 726 741
Net Lmsea ofOil & Products 114 102.8 99.8 91.2 114.3 110.4 101.9 98.3 142.2 24.1 74.4 48.4 52.6 58.3 74.4 62.9 68.4 64.9 61.4

NON-ENERGY USE OF OIL (PJ) 33 38.5 42.0 30.8 43.5 32.7 34.9 39.2 33.4 30.3 32.9 62.2 53.3 48.4 58.8 50.0 56.8 51.2 65.6
CENTRAL HEAT & POWER(PJ)
Oil 172.0 110.7 124.8 118.5 109.6 67.8 106.2 109.5 57.9 72.9 76.1 21.9 11.4 5.6 16.1 14.4 12.0 6.0 6.6 4.7
Gas 0.5 0.5 0.6 1.5 1.4 1.1 0.9 0.5 0.4 0.3 0.0 0.4 2.0 2.9 3.0 3.6 2.8 3.1 4.2 5.2
Solids 1.6 0.5 1.7 3.0 3.3 1.8 2.0 1.4 1.7 0.6 3.4 3.9 6.8 13.4 16.9 17.5 18.2 18.6 15.1 14.5
District Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Electricity 177.1 223.5 245.0 278.7 266.6 378.0 401.6 441.0 501.2 481.3 664.9 657.0 711.9 832.4 912.2 993.8 1030.3 1017.7 1034.0 1031.1
Total 351.2 401.6 380.9 448.7 510.7 552.4 561.2 555.1 744.4 683.3 732.2 854.2 948.2 1029.3 1063.3 1045.4 1059.8 1055.5

Net _ 117.2 131.5 117.1 178.1 202.7 246.6 241.9 220.0 398.7 331.1 352.1 446.8 498.7 582.9 593.3 576.7 586.1 588.6

GASWORKS(PJ)
J Oil 3.7 3.8 2.9 3.9 3.6 3.4 3.3 2.7 2.4 2.2 1.9 1.5 1.4 1.3 1.1 1.1 1.1

G4 Gas 1.0 1.0 1.0 1.1 1.2 1.1 1.2 !.2 1.1 1.0 1.3 1.3 0.9 0.9 0.8 0.7 0.6
Solkh, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
District Heat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Electricity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 4.7 4.7 4.0 5.0 4.7 4.5 4.5 3.8 0.0 3.2 0.0 0.0 0.0 2.2 1.9 1.8 1.8

Net l_mses -2.3 -1.9 -3.2 -3.3 -2.8 -3.0 -3.1 -3.2 -6.5 -3.0 -6.4 -9.6 -13.1 -12.5 -13.9 -16.2 -18.4
DISTRICT HEAT PLANTS (PJ)
Oil 51.3 55.9 61.2 66.7 66.8 75.0 92.7 96.9 103.4 107.8 108.2 103.8 93.5 66.0 46.8 62.4 48.3 41.3 24.3 17.2 12.3
Gas 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.8 1.2 1.0 1.0 1.6 2.3 6.2 2.6 3.4 4.2 6.4 9.2 11.3
Solids 0.0 0.0 1.6 4.3 4.9 7.6 8.8 9.8 10.3 12.0 11.9 11.1 18.2 33.2 48.0 64.4 73.4 77.1 72.0 62.5 63.6
District Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.5 11.1 18.5 21.0 23.5 23.2 23.7
Electricity 0.0 0.1 0.1 0.1 0.1 0.1 0.1 5.5 15.3 19.2 13.1 6.3 13.0 17.6 18.7 22.4
Total 51.3 71.0 71.8 82.8 101.6 106.8 114.7 121.2 121.1 116.0 118.7 116.8 126.7 153.7 149.9 156.6 143.9 130.9 133.4

Net Lmee, -1.0 2.3 -0.7 -1.3 15.5 17.1 17.7 18.3 15.9 7.0 9.4 5.0 9.3 7.9 8.0 2.5 2.2 -1.3 -0.8
PRIVATE PRODUCERS
Oil
Gu
Solids
District Heat
Electricity 11.0 10.0 11.0 11.0 8.0 7.0 7.0
Total 11.0 10.0 0.0 0.0 0.0 0.0 0.0 11.0 11.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0 7.0 7.0
Net

NET DISTRIBUTIONLOSSES (PJ)
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gas 1.6 3.0 4.3 5.7 4.1 3.2 4.5 4.1 3.2 3.1 1.8 1.9 2.0 2.3 1.9 2.0 2.4 2.8
Solid, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DistrictHeat 4.2 4.5 4.2 5.3 6.0 6.8 8.5 8.2 8.7 8.6 9.1 9.4 9.6 9.6 10.3 13.2 12.2 13.4 12.4 12.1 11.7
Electricie/ 29.0 27.6 23.8 27.1 30.0 25.2 29.5 30.3 29.6 30.5 30.6 35.1 37.8 40.1 38.3 40.8 40.7 43.5 38.6
Total 33.2 34.5 32.8 38.2 44.2 37.5 41.4 43.4 42.8 43.1 43.3 46.5 50.0 55.3 52.8 56.1 55.1 58.0 53.1



SWEDISH ENEI[GY SUMMARY 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 19_10 1981 1982 1983 IMI4 1985 1986 1987 1988 I_ I_ 19qD/I_TJ
01/10/94

EFFICIENCY COEFFICIENTS
District Hem

Gro_ Eft. (Prod./Fuel Used) 0.92 0.92 0.92 0.92 0.90 0.91 0.91 0.92 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

Net Eft. (DH ComOFuel Used) 0.94 0.89 0.93 0.93 0.76 0.76 0.77 0.78 0.79 0.86 0.84 0.87 0.85 0.86 0.87 0.90 0.90 0.92 0.92

Electricity Delivered 0.88 0.90 0.91 0.90 0.90 0.92 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.92

Electricity Primary 0.58 0.60 0.63 0.54 0.54 0.51 0.52 0.55 0.41 0.42 0.47 0.47 0.43 0.43 0.40 0.40 0.41 0.41 0.41

FINAL ENERGY USE (PJ)
Oil 901 876 772 806 847 813 800 815 747 691 623 573 557 569 572 553 548 529

Gas 8 7.0 6.6 7.2 8.3 7.5 7.5 7.6 7.4 7.0 6.5 6.2 6.4 9.6 13.1 14.7 15.9 18.0 20.2
Solids 212 169 177 182 171 154 166 174 167 159 154 218 233 240 236 241 237 241 238

District Heat 48 63 67 77 78 82 88 94 96 100 100 102 107 133 130 141 129 120 123

Electricity 205 243 240 244 278 281 290 305 307 315 322 345 370 409 408 429 428 430 428
Total 1374 1357 1262 1316 1381 1337 i352 1395 1325 1272 1204 1245 1273 1360 1359 1378 1359 1338 1312

Appm-cm Total Lom_ 295 331 324 356 448 452 449 4.50 436 507 509 485 555 612 764 747 741 746 748
LmmesUnaccounted For Herein !11.5 129.1 133.9 112.4 161.0 137.9 134.0 150.8 37.8 108.1 27.7 11.6 18.9 82.1 60.2 65.8 67.0 59.3
BALANCES- LBL 146 163 175 141 186 151 148 169 377 58 125 82 49 50 120 95 107 103 107

Oil 41 25 4 37 36 37 29 52 29 31 24 26 26 43 62 32 47 35 24 $8%

Gas 2 3 3 4 ! 2 1 0 0 0 0 0 0 1 1 1 1 I I 433 S
Solids -5 -34 -38 -35 -36 -34 -35 -44 -47 -44 -47 -11 -9 -17 -14 -10 -23 -21 -23 129%

DistrictHeat -I 5 I0 13 0 -2 -2 0 -2 -2 -3 -2 -2 -4 -4 -2 -3 -2 -2 210%

Electricity 9 4 0 -5 II 9 8 9 5 6 2 4 -I I -4 -2 -7 -5 -8 183%
Total 45 3 -21 13 II 12 I 18 -15 -9 -23 18 15 23 42 19 15 7 -8 98%

•1_ Share of Total 3.3% 0.2% -1.6% 1.0% 0.8% 0.9% 0.1_ 1.3% -1.1% -0.7% -2.0% 1.4% 1.2% 1.7% 3.1% 1.4% 1.1% 0.6% .0.6%

-- cx res wood to 1982 25 -16 -18 -19 -18 -14 -13 -16 -15 -I0 -9 30 36 35 33 33 19 23 21 -110%
Differene ex tea wood to 1982 70.6 -12.4 -38.4 -5.7 -7.1 -1.5 -11.4 2.0 -29.4 -18.1 -32.9 48.1 50.6 58.4 74.2 52.1 34.6 30.2 13.1 -12%

GENERAL INDICATORS

POPULqTION (10e6) 8.04 8.07 8.09 8.13 8.17 8.19 8.22 8.25 8.28 8.29 8.31 8.32 8.33 8.33 8.34 8.35 8.37 8.40 8.44 8.49 8.56 104%

D_cllings, (lOe6) 3.04 3.11 3.16 3.21 3.26 3.32 3.37 3.40 3.43 3.46 3.50 3.52 3.54 3.56 3.59 3.62 3.61 3.61 3.63 3.66 3.70 114%

Singlc FamilyDwelling, % 41.4% 41.6% 41.8% 42.3% 42.9% 43.5% 43.9% 44.4% 44.9% 45.5% 46.0% 46.5% 47.0% 47.4% 47.7% 47.9% 48.2% 48.3% 48.5% 48.7% 48.8%
CentraIHeatinll,% 91.4% 92.4% 93.0% 93.5% 0.0% 95.2% 95.8% 96.9% 96.9% 97.1% 97.5% 98.4% 98.5% 98.6% 98.6% 98.6% 98.9% 99.1% 99.2% 99.2% 99.3%

Dwelling Arcs, m2 TOTAL area 93.7 94.8 95.9 97.5 98.3 99.1 100.7 101.6 102.4 103.5 104.3 105.1 106.1 107.4 108.3 108.9 109.4 109.3 109.9 110.5 110.3 113%

Privat.Cons. Expea/Cap 3958 3928 4093 4228 4341 4517 4677 4535 4562 4710 4616 4598 4719 4708 4776 4834 5101 5389 5545

Persons/Dwelling 2.65 2.60 2.56 2.53 2.50 2.47 2.44 2.43 2.41 2.39 2.37 2.36 2.35 2.34 2.32 2.31 2.32 2.33 2.32 2.32 2.31 92%

Area/Capita 35.4 36.5 37.5 38.5 39.3 40.2 41.2 41.9 42.5 43.2 43.9 44.5 45.1 45.9 46.6 47.2 47.3 47.0 47.3 47.6 47.7 124%
Degree Dsys (18C B_i-) 4483 3955 3932 4020 3644 3639 4299 4088 4309 4419 4377 4234 4016 3732 3804 4654 4182 4509 3895 3410 3380

Nornud = 1.00 1.10 0.97 0.96 0.98 0.89 0.89 1.05 1.00 1.05 1.08 1.07 1.03 0.98 0.91 0.93 1.14 1.02 1.10 0.95 0.83 0.83

GDP (10c9 '80 US$) 62.1 62.7 64.1 66.6 68.8 70.5 71.3 70.1 71.4 74.1 75.3 75.1 75.7 77.6 80.6 82.4 83.5 86.2 88.2 90.1 90.3

Shar_: Manufacturing 23% 23% 22% 23% 24% 23% 23% 22% 21% 21% 21% 21% 20% 21% 21% 21% 21% 21% 21% 21%

AgForFi, Constr,Mining 13% 13% 13% 12% 12% 11% 12% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 10% 11%

Services, Encrlly, other 64% 64% 65% 64% 65% 65% 66% 67% 68% 68% 68% 69% 69% 68% 68% 68_ 68_ 68_ 69% 68%



SWEDISH E2qERGY SUMMARY 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1989/1973

01/10/94

I_qD-USE SUMMARY INDICATOi_

ENERGY USE BY TYPE (PJ) NOT CUMATE CO_, INCLUDES OTHER INDUSTRY
Oil 860 833 848 851 768 769 811 776 771 763 718 660 599 .547 531 527 510 521 502 494 478 58%

Gas 5.5 4.8 4.7 4.0 3.6 3.4 7.1 5.6 6.3 7.3 7.1 6.6 6.0 5.9 6.0 8.5 12.5 13.5 15.0 17.4 19.6 433%

Solids 217 198 192 203 215 217 207 188 201 218 214 204 201 229 241 257 250 251 260 262 262 129%
District Heat 49 51 54 58 56 64 78 83 90 95 98 101 103 104 109 137 133 143 132 122 125 21096

E]cctricity 196 207 221 238 240 249 267 271 281 295 302 309 319 341 370 409 412 431 435 435 436 1839_

Final Energy 1329 1294 1320 1354 1283 1303 1370 1325 D50 1378 1339 1281 1228 1227 1258 1337 1318 1359 1343 1330 1320 98%

Primary Energy 1776 1765 1823 1896 1827 1869 1980 1944 1993 2052 2029 1987 1956 2005 2103 2271 2258 2344 2335 2321 2313 122%

Primary Losses 447 471 503 542 544 566 610 620 643 674 690 706 728 778 845 934 940 985 991 991 993 183%

ENERGY/GDP (MJ/'80USD), Climate Correct, excludm other industry

Electricity 3.2 3.3 3.5 3.6 3.6 3.7 3.9 3.9 4.0 4.0 4.1 4.2 4.5 4.6 4.9 4.9 4.9 5.0 5.0 5.0 1385G

Fhud Energy 21.0 20.8 20.8 20.4 18.9 19.1 18.9 18.7 18.3 17.6 16.9 16.3 16.1 15.8 15.9 15.7 15.5 15.3 15.2 15.1 74%

PrimJwy Energy. 28.2 28.3 28.6 28.6 27.0 27.6 27.7 27.7 27.4 26.7 26.3 25.9 26.3 26.4 27.0 27.0 26.8 26.7 26.5 26.4 93 _t
Del E/GDP Effect 1399 1385 1384 1361 1257 1270 1259 1249 1221 1170 1129 1084 1071 1052 1057 1047 I(D3 1022 1012 1004 74%

GDP Effect 1267 1279 1309 1361 1404 1440 1455 1432 1457 1513 1538 1534 1546 1583 1646 1682 1705 1761 ISOI 1840 1845 135%

Primary E/GDP Eft 1877 1888 1909 1904 1796 1838 1848 1847 1823 1776 1754 1728 1750 1760 1798 1796 1784 1778 1767 1758 935G

ENERGY/CAPITA (OJ/Capitm) (Climate Corrected, excludm other induatay
I Electricity 24 26 27 29 29.3 31 32 33 34 35 36 37 38 41 45 48 49 51 52 53 52 179%

¢81 F-mal Energy 162 162 165 167 157 162 165 161 162 164 159 153 148 150 153 157 157 159 160 161 159 96%

Primary Energy 217 220 227 234 224 232 239 236 239 244 242 238 236 245 255 266 269 275 279 281 279 120_

ACTUAL ENERGY USE (PJ. Climate Corrected for Residential Sector). X OTHER IND

Electricity 196 207 222 239 251 266 271 280 293 300 308 320 346 375 400 410 425 438 447 448 187%

F'mal Energy 1304 1303 1331 1361 1330 1358 1325 1338 1358 1322 1273 1231 1246 1273 1307 1312 1337 1353 1369 1361 101%

Primary Energy 1749 1775 1836 1904 1903 1966 1945 1978 2028 2008 1977 1963 2037 2129 2223 2250 2309 2354 2389 2384 125%

ACTIVITY/STRUCTURE EFFECT (P], Climate Corrected for Residential Sector), X OTHER IND

Electricity 202 208 219 239 250 270 292 299 302 318 348 372 389 399 416 430 442 461 185 %

F-u3alEnergy 1221 1245 1276 1361 1382 1415 1491 1497 1480 1488 1544 1601 1616 1649 1699 1750 1788 1789 131%

Primary Energy 1703 1735 1781 1904 1927 1961 2075 2086 2058 2070 2151 2232 2254 2296 2367 2438 2495 2501 131%

INTENSITY EI-_ (PJ, Clinmte Corrected for Residefttiai Sector) X OTHER IND

Electricity 218 228 236 239 250 267 265 265 276 285 293 311 324 335 330 332 338 332 142%

Final Energy 1440 1418 1413 1361 1311 1278 1233 1194 1165 !116 1082 1066 1078 1059 1042 1024 1012 1009 74%
Primary Energy 1939 1939 1951 1904 1878 1887 1837 1800 1794 1761 1746 1761 1805 1791 1778 1762 1751 1747 92%



S_H I_IERGY $Ul_t4ARY 19'70 19'71 19'72 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 198g 1989 1990 1989119_
01/10/94

SECTORAL BREAKIX)WNS 1.15 3.24

Total Final 165.3 160.4 163.2 166.6 157.1 159.0 166.7 160.5 163.2 166.1 183.0 176.4 169.7 169.9 173.0 i78.2 177.7 179.9 179.0 179.2 176.7 108%

Residenthti 49.4 47.2 47.4 46.4 40.7 42.2 46.0 44.8 45.8 46.0 44.6 43.2 41.1 39.1 39.2 43.4 41.6 42.5 39.5 38.1 38.0 82% P
Services 20.8 19.6 19.7 19.4 17.2 18.1 20.8 20.3 21.1 21.0 42.6 42.3 41.5 41.4 41.0 39.8 40.9 39.8 40.7 42.7 42.8 220%

Manufacturing 67.6 65.4 67.3 70.7 69.8 67.8 67.6 62.8 63.9 65.8 62.2 58.3 54.3 55.9 57.9 59.4 58.5 59.7 60.8 60.1 58.3 85%

Other Industry 7.0 7.1 7.1 7.3 7.0 7.3 7.7 7.4 6.9 7.2 7.7 7.2 6.8 6.7 6.9 7.5 7.4 7.6 7 4 7.1 7.0 98%
Travel 14._ 15.3 16.0 16.9 16.1 17.6 18.2 18.6 19.0 19.0 ',8.9 18.9 19.2 19.5 20.1 20.1 21.1 21.7 22.1 22.5 2t.7 133%

Freilht 6.0 5.8 5.7 6.0 C.2 6,1 6.3 6.6 6,5 7.1 7.1 6.6 6.7 7.4 7.8 8.0 8.2 8.6 8.6 8.8 9.0 146%

Primary, LBL

Residential 62.3 61.3 62.8 62.7 57.1 60.6 67.0 671 69.0 70.8 69.6 69.5 69.8 69.5 72,3 82.0 80.3 81.6 76.2 73.8 73.5 118%

Services 28.6 28.5 29.4 29.6 27.1 29.2 33.2 33.3 34.9 35.4 35.5 35.1 35.7 36.3 38.0 43.8 43.5 45.8 45.3 44.4 45.3 150_.

Manuf_rin 8 97.7 96.1 99.3 105.4 105.1 101.9 102.6 96.4 98.6 101.9 99.0 95.3 90.6 95.0 100.4 103.2 102.1 106.5 109.9 109.8 106.8 104%
Other Induatxy 9.9 10.2 10.4 10.8 10.6 11.1 11.9 11.4 106 il.4 11.7 11.2 10.7 10.7 11.1 12.3 12.1 12.5 12.2 11.7 11.6 108%

Travel 15.3 15.9 16.7 17.5 16.7 18.2 18.9 19.8 20.2 19.8 20.2 2Q-_ 20.5 20.9 21.5 21.5 22.5 23.0 23.5 23.8 23.0 136%

Freisht 7.1 6.8 6.8 7.1 7.2 7.1 7.3 7.5 7.5 8.1 8.0 7.5 "L7 8.4 8.9 9.2 9.3 9.8 9,7 9.9 10.1 139%

Electricity Use 24.9 25.0 26.2 28.0 27.8 28.1 30.1 30.1 31.1 32.4 33.1 33.3 33.0 34.8 37.2 41.1 40.6 43.1 42.7 41.7 41.2 149_
Residential 3.57 3.67 3.83 3.97 3.93 4.40 5.13 5.42 5.78 6,05 6.19 6.37 6.53 6.71 6.99 8.46 8.31 8.97 8.09 7.52 7.76 189%

Service, 2.21 2.32 2.48 2.71 2.48 2.87 3.55 3.84 4.12 4.32 4.46 4.56 4.50 4.56 4.78 6.09 5.85 6.13 5.61 5.13 5.12 189%

Manufacturing 13.47 13.69 14.28 15.50 1_.73 15.22 15.62 15.01 15.47 16.15 16.43 16.52 16.21 17.49 19.00 19.54 19.47 20.87 21.92 22.18 21.65 143%

Other Indmmy 1.26 !.40 1.48 1.60 1.57 1.69 1.86 1.79 !.65 !.85 1.81 1.79 1.76 1.77 1.88 2.15 2.10 2.17 2.15 2.04 2.03 128%
Travel 0.33 0.29 0.30 0.29 0.28 0.30 0.31 0.53 0.55 0.33 0.59 0.61 0.61 0.61 0.61 0.64 0.62 0.61 0.62 0.58 0.58 200%

I Freight 4.03 3.65 3.84 3.96 3.83 3.63 3.64 3.55 3.50 3.73 3.61 3.44 3.42 3.62 3.99 4.24 4.26 4.34 4.31 4.21 4.05 106%
C_

SECTORAL SHARES

Final Energy

Residential 29.9% 29.4% 29.1% 27.8% 25.9% 26.5% 27.6% 27.9% 28.0% 27.7% 27.7% 28.1% 27.9% 26.5% 26.0% 27.1% 26.4% 26.2% 24.8% 24.3% 24.6%

Services 12.6% 12.2% 12.1% 11.6% 11.0% 11.4% 12.5% 12.7% 12.9% 12.6% 12.9% 12.9% 13.1% 12.8% 12.6% 13.6% 13.1% 13.5% 13.1% 12.8% 13.1%

Manufacturing 40.9% 40.8% 41.2% 42.4% 44.5% 42.6% 40.5% 39.1% 39,2% 39.6% 38.6% 37.9% 36.8% 37.9% 38.4% 37,1% 37.2% 36.9% 38.2% 38.4% 37.8%
Other Induat_ 4.3% 4.4% 4.3% 4.4% 4.5% 4.6% 4.6% 4.6% 4.2% 4.4% 4.8% 4.6% 4.6% 4.6% 4.6_ 4.7% 4.7% 4.7% 4.65E 4.5_ 4.5_

Travel 8.8% 9.5% 9.8% 10.1% 10.2% ll.0_g 10.9% 11.6% 11.6% !!.5% 11.7% 12.3% 13.0% 13.2% 13.3% 12.6% 13.4% 13.4% 13.9% 14.3% 14.1%

Freight 3.6% 3.6% 3.5% 3.6% 3.9% 3.8% 3.8% 4.1% 4.0% 4.3% 4.4% 4.3% 4.6% 5.0% 5.2% 5.0% 5.2% 5.3% 5.4% 5.6% 5.8%
Primary Energy

Residential 28.2% 28.0% 27.9% 26.9_ 25.5% 26.6_$ 27.8_ 28.5_ 28.7_ 28.6_ 28.5_ 29.1% 29.7% 28.9_ 28.7% 30.1_ 29.8% 29.2_g 27.5% 27.0% 27.2%

Services 12.9% 13,0% 13.0% 12.7% 12.1% 12.8% 13.8% 14.2% 14.5_ 14.3% 14.6% 14.7% 15.2% 15.1% 15.1% 16.1% 16.1% 16.4% 16.4% 16.2% 16.8%

Manufacturing 44.3% 43.9% 44.0% 45.2% 46.9_ 44.7% 42.6_ 40.9% 40.9_ 41.2% 40.6% 39.9% 38.6_ 39.5% 39.8% 37.9% 37.9% 38.1% 39.7% 40.2% 39.5%

Other Industry 4,5% 4.7% 4.6% 4.6% 4.7% 4.9% 4.9% 4.8% 4.4% 4.6% 4.8% 4.7% 4.6% 4.4% 4.4% 4.5% 4.5% 4.5% 4.4% 4.3% 4.3_$
Travel 6.9% 7.3_ 7.4_ 7.5% 7.5_ 8.0% 7,9_ 8.4% 8.4% 8.0% 8.3% 8.5% 8.7% 8.7% 8.5% 7.9% 8.3_ 8.3% 8.5% 8.7% 8.5%

Freight 3.2% 3.1% 3.0% 3.0% 3.2% 3.1% 3.0% 3.2% 3.1% 3.3% 3.3% 3.1% 3.3% 3.5% 3.5% 3.4% 3.5% 3.5% 3.5% 3.6% 3.7%



SWI_)L,qll ]gfl_RGY SUMMARY 19'70 1971 1972 197"3 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 19ff7 1988 1989 1990 1989/1973
01/10/94

]RES_ SECTOR

ENERGY USE BY TYPE

Oil, PJ 283.6 274.7 273.6 264.4 218.8 225.4 240.8 223.4 222.8 211.6 195.3 175.8 145.7 117.3 104.2 98.4 90.8 94.9 87.6 82.9 79.9 31%

LPG, PJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gas, PJ 4.6 4.0 3.9 3.2 2.9 2.6 2.6 2.5 2.3 2.2 2.0 !.8 1.5 1.3 1.1 1.2 1.6 1.9 2.0 2.0 2.2 63%

Coal,Coke, PJ 5.2 2.5 1.8 1.4 0.9 0.7 0.6 0.5 0.5 0.5 0.5 0.4 0.2 0.2 0.2 0.I 0.I 0.I 0.I 0.2 0.2 12%

Wood, PJ 30.7 21.1 19.7 18.3 20.4 16.1 17.9 19.7 22.5 28.2 32.0 34.9 37.8 41.3 44.2 52.4 46.4 42.7 41.8 43.8 44.7 239%

Electricity, PJ 44.4 48.9 53.6 57.3 57.6 65.0 74.3 79.1 82.8 88.6 89.5 93.9 102.7 109.3 119.1 139.2 139.9 141.7 133.6 131.0 131.4 229%
District, PJ 28.7 29.6 31.0 32.3 32.1 36.0 42.2 44.7 47.8 50.2 51.4 53.0 54.3 55.9 58.3 70.7 69.6 75.3 68.2 63.9 66.4 198%

Total Final, PJ 397 381 384 377 333 346 378 370 379 381 371 360 342 325 327 362 348 357 333 324 325 86%

Total primary, PJ 501 495 508 510 466 497 551 554 571 587 579 578 581 579 603 684 672 685 643 627 629 123 %

ENERGY USE BY TYPE, Climate Corrected

Oil, PJ 264 282 282 268 238 246 232 223 214 200 186 171 148 125 110 89.8 89.3 88.5 9_J.7 94.6 91.5 35%

G--.PJ 3.1 2.9 2.9 2.3 2.2 1.9 1.8 1.8 1.6 1.5 1.3 1.2 1.0 0.9 0.7 0.7 1.2 1.3 1.6 1.7 1.9 76%

Coal,Coke, PJ 4.8 2.6 1.9 1.4 1.0 0.7 0.6 0.5 0.5 0.5 0.5 0.8 0.2 0.2 0.2 0.1 O.l 0.1 0.1 0.2 0.2 13%

Wood, PJ 28.3 21.7 20.4 18.6 22.6 17.9 17.l 19.7 21.5 26.3 30.I 33.8 38.5 45.0 47.l 46.4 45.3 38.9 43.6 51.9 53.4 279%

Electricity,PJ 43.5 49.2 54.I 57.5 59.9 67.3 73.0 79.2 81.2 86.0 87.2 92.7 104 114 123 131 138 135 137 143 143 248%

District, PJ 26.9 30.4 31.9 34.6 36.0 39.1 40.7 44.7 46.2 47.0 48.6 51.4 54.4 59.0 60.6 64.0 67.8 70.2 70.0 70.8 74.9 205%

Prima W Demand, CC, PJ 472 504 519 516 500 529 535 553 554 561 556 566 585 608 627 634 662 647 659 692 697 134%
Final Demand,CC, PJ 371 389 393 382 360 373 365 369 365 361 353 351 345 344 342 332 342 334 343 362 365 95%

Useful Demand, CC, PJ 245 264 270 266 250 264 262 266 263 259 252 251 248 248 249 246 258 256 259 268 271 101%

! Final/Households, GJ 115.1 118.4 117.8 i!3.1 105.1 107.4 103.9 103.8 101.6 99.4 96.5 95.1 93.0 91.9 90.2 86.6 88.3 85.4 86.8 90.4 90.3 80%"--.,!
F'mal/capita, GJ 46.1 48.2 48.6 47.0 44.1 45.5 44.4 44.8 44.1 43.5 42.5 42.2 41.5 41.3 41.0 39.7 40.9 39.8 40.6 42.6 42.7 91%
Useful/Hmatehoide, GJ 76.0 80.4 80.9 78.6 72.9 76.1 74.5 74.8 73.1 71.2 68.8 67.9 66.9 66.3 65.8 64.3 66.6 65.6 65.7 67.1 67.1 85%

Useful/capita, GJ 30.4 32.7 33.4 32.7 30.6 32.3 31.9 32.3 31.8 31.2 30.3 30.1 29.8 29.8 29.9 29.5 30.8 30.5 30.7 31.6 31.7 97%
128%

SHARES OF FINAL, Climate Corrected

Oil, % 71.0% 72.3% 71.5% 69.9% 66.0% 65.8% 63.4% 60.4% 58.6% 55.2% 52.5% 48.7% 42.7% 36.4% 32.1% 27.0% 26.1% 26.5% 26.4% 26.1% 25.0%

Gas, % 1.2% 1.0% 1.0% 0.9% 0.9% 0.7% 0.7% 0.7% 0.6% 0.6% 0.5% 0.5% 0.4% 0.4% 0.3% 0.3% 0.5% 0.5% 0.6% 0.6% 0.7_

Coal, Coke, % 1.3% 0.7% 0.5% O.4_ 0.3% 0.2% 0.2% 0.1% 0.1% 0.1% 0.1% 0.2% 0.1% 0.1_ 0.0% 0.0_ 0.0% 0.0% 0.0% 0.0_ 0.1%
Wood, % 8.9% 6.2% 5.6% 5.2% 6.5% 5.0% 4.8% 5.5% 6.0% 7.4% 8.6% 9.8% 11.2% 13.1% 13.8% 14.0% 13.3% 11.7% 12.7% 14.4% 14.7%

Elec, % 11.7% 12.6% 13.7_ 15.0% 16.6% 18.0% 20.0% 21.4_ 22.2% 23.8_ 24.6% 26.3_ 29.9% 33.0% 36.0_ 39.3% 40.4% 40.4% 39.8% 39.3% 39.2%

DistrictHtg, % 7.2_ 7.8% 8.1% 9.0_ 10.0% 10.5_ 11.1_ 12.1_ 12.6% 13.0% 13.7% 14.6% 15.7% 17.1_ 17.7_ 19.3% 19.8_ 21.0% 20.4_ 19.6% 20.5_
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_EIVrlAL SECTOR (continued)

END USES: SPACE HEATING

Oil. LPG PJ 203.5 219.0 216.8 205.7 178.0 182.6 170.1 163.1 156.8 148.4 137.1 127.4 106.4 91.0 79.5 63.0 64.3 62.7 65.0 69.9 66.5 34%

Gas, PJ 2.64 2.42 2.38 1.79 1.74 1.53 1.42 1.58 1.33 1.26 1.10 1.04 0.82 0.75 0.55 0.54 0.95 1.01 1.26 1.42 1.56 79%

Coal. Coke, PJ 4.1 2.1 1.4 1.1 0.7 0.5 0.4 0.3 0.3 0.3 0.3 0.7 0.1 0.0 0.0 -0.1 -0.1 0.0 0.0 0.1 0.2 9%

Wood, PJ 25.0 18.9 17.9 16.4 20.5 16.1 15.3 17.8 19.5 24.1 27.6 30.9 35.7 41.9 44.1 43.4 42.3 36.1 40.8 49.2 50.8 300%

Electricity,PJ 8.8 11.3 13.2 14.8 18.4 21.5 24.5 28.3 29.3 31.9 32.1 36.0 43.9 51.2 59.2 62.5 69.9 65.3 64.8 69.1 68.5 466%

DistrictHtg, PJ 19.5 21.8 22.3 24.4 36.0 27.7 28.5 31.4 31.1 31.4 32.0 34.0 35.9 40.5 41.1 43.1 45.4 46.6 45.7 45.5 49.1 186%

Total,PJ

Prinmry 286 304 307 301 302 302 299 311 309 313 307 316 327 346 363 359 386 365 370 397 397 132%
Final 264 275 274 264 255 250 240 243 238 237 230 230 223 225 224 213 223 212 218 235 237 89%

Useful 167 180 181 177 173 17J 166 169 165 162 155 155 151 152 153 148 158 154 154 162 163 92%

Intemitiea

UsefulSp.Htgleap,GJ 20.7 22.4 22.4 21.7 21.2 20.9 20.2 20.4 19.9 19.6 18.7 18.6 18.1 18.3 18.4 17.7 18.9 18.3 18.3 19.0 19.0 88% i
Useful Sp.H_/Dw, GJ 51.7 54.9 54.2 52.3 50.6 49.3 47.3 47.4 45.9 44.6 42.4 42.0 40.6 40.7 40.4 38.6 40.8 39.4 39.1 40.4 40.2 77%

Useful Sp.Htg/Dw-DD, MJ 12.6 13.4 13.3 12.8 12 , 12.0 11.6 11.6 11.2 10.9 10.4 10.3 9.9 9.9 9.9 9.4 10.0 9.6 9.6 9.9 9.8 77%

Useful Sp.Htg/Dw-DD-m2, KJ 134.8 141.7 138.2 132.1 17._.2 121.5 115.2 114.4 109.6 105.4 99.5 97.7 93.5 92.6 91.3 86.5 91.2 88.1 86.9 89.5 89.1 68%
Share of Homea with Main Fuel

Oil heated, % 70.9% 69.9% 68.2% 68.3% 0.0% 65.3% 63.2% 60.5% 57.9% 54.9_ 52.4% 49.4% 45.3% 40.6% 37.1% 33.8_ 31.3% 31.5% 31.0% 29.4% 27.8%
Gas heated, % 1.1% 1.0% 1.0% 0.9% 0.0% 0.7% 0.7% 0.6% 0.6% 0.6% 0.5% 0.5% 0.4% 0.2% 0.2% 0.3% 0.7% 0.5% 0.6% 0.7% 0.8%

Coal, Coke, % 1.8% 1.4% 1.0% 0.6% 0.0_ 0.5% 0.4% 0.3% 0.3% 0.2% 0.2% 0.3% 0.3% 0.2% 0.2% 0.4% 0.4% 0.2% 0.1% 0.1% 0.1%

t_ Wood, % 8.2% 7.2% 6.6% 5.4% 0.0% 4.5% 4.1% 3.9% 3.7% 3.4% 3.4% 4.7% 4.7% 4.6% 4.8% 4.4% 4.4% 3.3% 3.5% 4.0% 4.0%
I Electric heated, % 4.7% 5.7% 6.6_ 7.3% 8.8% 10.0% 11.4% 12.8% 13.9% 14.8% 15.7% 17.1% 19.6% 23.4% 25.0% 26.4% 26.5% 26.7% 26.2% 26.0% 28.0%

Go
Dktrictheated,% 13.4% 14.7% 16.6% 17.5% 0.0% 19.1% 20.3% 21.9% 23.7% 25.3% 26.9% 28.0% 29.8% 31.0% 32.7% 34.7% 36.8% 37.7% 38.5% 39.9% 39.3%

END USES: WATER HEATING

Oil, LPG PJ 60.i 62.7 65.0 62.0 60.0 63.0 62.0 60.4 57.6 51.4 48.6 43.9 41.2 34.3 30.3 26.7 25.1 25.7 25.7 24.7 25.0 40%

Gas, PJ 0.5 0.5 0.5 0.5 0.4 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.4 65%

Coal, Coke, PJ 0.7 0.5 0.4 0.4 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1 23%

Wood, PJ 2.3 2.1 2.1 1.8 1.8 1.5 1.5 i.6 1.7 2.0 2.3 2.7 2.6 3.0 3.0 3.0 3.0 2.8 2.8 2.7 2.6 150%

Electricity, PJ 4.7 5.3 6.2 7.0 7.4 8.1 8.8 9.5 10.1 10.5 10.9 11.6 12.9 14.1 15.1 16.1 16.8 17.4 17.7 18.2 19.0 261%

District Htll, PJ 7.4 8.6 9.6 10.2 0.0 11.4 12.3 13.4 15.1 15.6 16.6 17.4 18.4 18.5 19.5 20.8 22.4 23.6 24.3 25.3 25.9 249%
Total. PJ

Primary 87.4 93.0 99.0 98.9 86.5 104.4 106.8 108.6 109.8 105.7 105.8 104.4 107.0 104.4 104.9 106.3 108.5 112.3 114.4 115.8 119.3 117%
Final 75.7 79.7 83.7 81.8 69.9 84.5 85.2 85.3 85.0 79.9 78.8 75.8 75.4 70.1 68.2 67.1 67.6 69.8 71.0 71.2 72.9 87%

Useful 52.5 55.9 59.2 58.6 47.4 61.4 62.4 63.0 63.5 60.3 59.9 58.1 58.7 55.3 54.8 54.8 55.9 58.2 59.3 60.0 61.6 102%

Intensities

Useful Hot water/cap, GJ 9.4 9.9 10.4 10.1 8.6 10.3 10.4 10.3 10.3 9.6 9.5 9.1 9.1 8.4 8.2 8.0 8.1 8.3 8.4 8.4 8.5 83%
Useful Hot water/Dw, GJ 23.5 24.3 25.1 24.2 20.4 24.4 24.2 24.0 23.6 22.0 21.5 20.5 20.3 18.7 18.0 17.5 17.5 17.9 18.0 17.8 18.0 74%

Share of Homes with Main Fuel

Oil, % 66.0% 67.5% 66.2% 66.8% 0.0% 64.5% 62.5% 60.0_ 57.6% 54.7% 51.9% 48.1% 45.8% 38.8% 34.4% 29.8% 27.4% 27.7% 27.2% 25.6% 0.0%
Gas, _ 1.5% 1.4% 1.4% 1.2% 0.0% 1.0% 0.9% 0.9% 0.8% 0.8% 0.7% 0.6% 0.5_ 0.3% 0.3% 0.4% 0.8% 0.7% 0.8% 0.9% 1.0%

Coal, Coke, % 1.1_ 0.9% 0.6_ 0.5% 0.0% 0.3% 0.3% 0.3% 0.3% 0.2_ 0.2_ 0.3% 0.3_ 0.2% 0.2% 0.4% 0.4% 0.2_ 0.1_ 0.1% 0.1%

Wood, % 3.3_ 2.8% 2.4_ 1.9% -0.6% 1.3% 1.3% 1.4% 1.5% 1.7% 2.0_ 3.2% 3.2% 4.8% 4.8% 4.2% 3.9% 2.9% 2.7_ 2.9% 0.0%

Electric, % 5.5% 6.4% 7.5% 8.5% 9.7_ 11.0% 12.4% 13.8% 14.9% 15.8% 16.8% 18.3% 20.9_ 23.3% 25.3% 27.3% 28.3% 29.3% 29.9% 30.3% 31.5%

Diq. Hts.,% 13.4_ 14.7% 16.6% 17.5% 0.0% 19.1% 20.3% 21.9% 23.7% 25.3% 26.9% 28.0% 29.8% 31.0% 32.7% 34.7% 36.8% 37.7% 38.5% 39.9% 39.3%

, ¢
l •
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RES_ SECTOR (continued)

END USES: COOKING, PJ

Oil, _ PJ 0.5 0.4 0.3 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0%

Gas, PJ 1.2 1.1 1.1 1.0 0.9 0.8 0.8 0.7 0.6 0.6 0.6 0.6 0.5 0.5 0.5 0.4 0.4 0.S 0.5 0.6 0.6 55%

Coal, Coke, PI 0.0 0.0 0.0 0.0 0.0 0.0 O0 0.0 0.0 0.0 0.0 O0 O0 0.0 0.0 0.0 0.0 0.0 0.0 O0 0.0

Wood, FJ 1.0 0.8 0.5 0.4 0.4 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 25%

Electricity, PJ 6.6 6.7 6.8 6.9 7.1 7.0 7.2 7.3 7.4 7.3 7.1 7.3 7.3 7.3 7.2 7.0 6.8 6.5 6.6 6.8 6.8 98%
Total, PJ

Primary 23.9 23.8 23.8 23.9 24.5 23.9 24.4 24.6 24.8 24.6 24.0 24.4 24.3 24.2 24.1 23.3 22.4 21.7 21.9 22.6 22.7 94%
Final 9.3 8.9 8.6 8.5 8.6 8.2 8.3 8.3 8.3 8.2 8.0 8.1 8.0 7.9 7.8 7.5 7.3 7.1 7.2 7.4 7.5 87%

Useful 7.7 7.6 7.7 7.7 7.8 7.6 7.7 7.8 7.8 7.8 7.6 7.7 7.7 7.6 7.5 7.3 7.0 6.8 6.9 7.1 7.2 93%

Intemities

Useful Cooking/cap, GJ 0.96 0.95. 0.95 0.94 0.96 0.92 0.94 0.94 0.94 0.93 0.91 0.92 0.92 0.91 0.91 0.87 0.84 0.81 0.82 0.84 0.84 89%

Useful Cooking/Dw, GJ 2.38 2.32 2.29 2.27 2.28 2.18 2.19 2.18 2.17 2.13 2.07 2.08 2.06 2.03 1.99 1.91 1.81 1.75 1.75 1.78 1.78 78%
Share of Homes with Main Fuel

Oil, %

Gas, % 11.0% il.0% 11.0% 11.0% 0.0% 8.0% 7.3% 6.6% 6.0% 5.0% 4.0% 3.7% 3.3% 3.0% 3.0% 3.0% 3.0% 4.0% 4.0% 4.0% 4.0%

Coal,Coke, % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Wood, % 6.0% 6.0% 5.0% 4.0% 100.0% 6.0% 4.7% 3.4% 3.0% 3.0% 3.0% 2.8% 2.7% 2.7% 2.3% 2.0% 2.0% 0.0% 0.0% 0.0% 100.0%

Electric,% 83.0% 83.0% 84.0% 85.0% 0.0% 86.0% 88.0% 90.0% 91.0% 92.0% 93.0% 93.5% 94.0% 94.3% 94.7% 95.0% 95.0% 96.0% 96.0% 96.0% 96.0%

_:_ END USES: LIGHTING, PJ
t Final 5.5 5.8 5.98 6.17 6.05 6.45 6.79 7.22 7.72 7.86 8.06 8.12 8.11 8.14 8.23 8.33 8.33 8.58 8.76 8.95 9.19 145 %

tD Useful/total area, MJ 18.1 18.5 18.7 18.7 18.0 18.8 19.1 20.0 21.0 20.9 21.1 20.9 20.6 20.3 20.1 20.0 19.6 20.1 20.2 20.2 20.6 108%
0.68 0.71 0.74 0.76 0.74 0.79 0.83 0.88 0.93 0.95 0.97 0.98 0.97 0.98 0.99 1.00 0.99 1.02 1.04 1.05 1.07

END USES: APPLIANCES, PJ

Final, PJ 18.0 20.2 22.0 22.7 21.0 24.3 25.8 26.8 26.6 28.5 29.0 29.7 31.3 33.1 33.5 36.6 36.7 37.2 38.8 39.5 39.8 174%

F'mal/Capita, G| 2.9 3.2 3.5 3.5 3.3 3.7 4.0 4.1 4.2 4.4 4.5 4.5 4.7 5.0 5.0 5.4 5.4 5.5 5.6 5.7 5.7 161%

Final/dwelling, GJ 7.3 7.9 8.4 8.5 7.9 8.8 9.3 9.6 9.6 10.0 10.1 10.2 10.6 11.0 11.0 11.7 11.6 11.7 12.0 12.1 12.1 142%

SEVEN MAJOR APPLIANCES

Final, PJ 14.9 16.2 18.8 20.3 23.1 23.0 24.2 23.7 23.9 24.0 23.6 23.1 22.6 22.7 21.5 21.8 22.3 22.7 110%
Share of Homes with, %

Refrigerators& Comb;, 94% 94% 94% 97% 100% 102% 93% 104% 105% 106% 107% 108% 109% 108% 106% 107% 109% 111%
Freezers 46% 48% 53% 55% 65% 60% 76% 64% 66% 67% 70% 73% 75% 76% 73% 76% 79% 81%

Clothes-washers 44% 47% 58% 59% 62% 71% 73% 75% .77% 78% 78% 78% 78% 79% 80% 81% 82% 83%

Clothes-Drye8 2% 2% 8% 9% 13% 17% 22% 26% 31% 35% 36% 37% 38% 40% 40% 40% 40% 40%

Dish-washers 5% 5% 9% 11% 16% 22% 27% 27% 29% 30% 29% 29% 28% 30% 30% 33% 36% 40%

Air Conditioner

UnitConsumption,Kwh/appliance

Refrigerators & Combis 519 545 570 594 618 623 559 602 590 580 551 522 494 488 473 464 461 453
Freezers 1200 1250 1295 1340 1300 1200 1166 1133 1099 1065 1003 940 878 870 773 750 740 730

Clothes-washers 500 500 500 500 475 425 413 400 388 375 368 361 354 350 350 340 335 330

Ciothes-Dryes 300 310 317.5 325 315 300 281 263 244 226 227 228 229 215 243 240 235 220
Dish-washers 300 300 300 300 300 300 298 295 293 290 287 284 281 275 281 275 265 260

Air Conditioner
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RE_IDENTLAL SECTOR (continu_.)

STRINT CALCULATION-totai

Actual Energy Use, PJ CC

Electricity 43.5 49.2 54.1 57.5 27 67.3 73.0 "79.2 81.2 86.0 87.2 92.7 103.6 113.8 123.3 130.6 138.4 135.0 136.7 142.5 143.3 248%

Fmal EnerSy 372 390 394 383 27 373 366 370 366 362 354 352 346 345 342 332 343 335 343 362 366 95%

Primary Energy 474 505 520 517 88 530 536 554 555 561 557 567 586 608 627 634 663 647 660 692 698 134%

Activity Effect, PJ, CC

Electricity 57 57 57 58 58 58 58 58 59 59 59 59 59 59 59 59 59 59 60 60 61 104 %

F'umi Energy 379 380 381 383 355 386 388 389 390 391 392 392 392 393 393 394 395 396 398 400 403 104%

Primmy Energy 512 513 513 517 490 521 523 525 527 528 529 529 530 530 530 531 533 534 537 540 545 104%

Structureeffect,PJ,CC

Electricity 43 47 53 58 71 91 99 103 112 128 147 162 176 183 189 194 201 217 349%

Final Energy 351 362 373 383 402 427 437 443 452 459 468 476 484 491 492 498 505 506 132%
Primary Energy 475 488 505 517 543 571 588 591 603 612 623 633 642 650 650 659 667 670 129_

Intensity Effect, CC, PJ
Electricity 48 52 55 58 64 70 71 69 72 81 85 95 96 108 98 96 104 98 181%

Final Energy 411 415 406 383 354 320 307 295 287 276 267 259 244 248 239 240 249 249 65%

Primary Energy 525 537 535 517 502 482 470 458 455 458 461 464 451 465 446 444 458 457 88 %

I

C_

• 4
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SERVICE SECTOR

ENERGY USE BY TYPE (PJ)
Oil 119.9 107.4 104.1 98.4 84.8 84.8 98.2 89.6 90.5 86.2 81.6 71.6 64.3 55.4 49.2 50.9 41.3 43.5 38.8 36.0 35.1 37%

Gas 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.2 0.2 0.2 0.4 0.6 0.7 1.0 1.0 319%

Solids 2.0 1.3 1.1 0.9 0.7 0.4 0.4 0.4 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.7 77_

Dbtrict Heat 17.8 18.7 20.1 22.1 20.3 23.5 29.2 31.7 34.1 35.8 37.1 37.9 37.5 38.0 39.9 50.9 49.0 51.5 47.3 43.6 43.9 198%

Elecu_ity 26.9 30.5 33.7 35.8 34.6 39.0 43.3 45.8 49.0 51.1 52.5 54.4 58.2 62.6 68.3 78.7 81.8 86.7 88.7 89.3 92.9 249%

Final Energy 167 158 159 157 141 148 171 168 174 174 172 165 161 157 158 181 173 183 176 171 173 108%
Primary Enerly 230 229 238 241 221 239 273 275 289 294 295 292 297 303 317 365 364 385 382 377 388 157%

Useful Energy 125 121 123 123 111 119 138 137 i43 144 144 140 139 138 141 164 159 168 162 158 161 128%

VALUE ADDED (10c9 '80 USD) 30.0 30.9 32.0 33.3 35.1 35.9 37.0 37.5 38.1 39.5 40.5 40.7 41.2 41.9 43.0 43.8 44.6 45.8 46.9 48.0 50.5 144%
0. I5 2.24

ENERGY/VAI_E ADDED (MJ/'80 USD)

Electricity 0.9 1.0 1.1 l.l 1.0 1.1 1.2 1.2 1.3 1.3 1.3 1.3 1.4 1.5 1.6 1.8 1.8 1.9 1.9 1.9 1.8 173%

Find Energy 5.6 5.1 5.0 4.7 4.0 4.1 4.6 4.5 4.6 4.4 4.3 4.0 3.9 3.7 3.7 4.1 3.9 4.0 3.8 3.5 3.4 75_

Primary Energy 7.7 7.4 7.4 7.2 6.3 6.7 7.4 7.3 7.6 7.4 7.3 7.2 7.2 7.2 7.4 8.3 8.2 8.4 8.1 7.8 7.7 108_

Useful Energy 4.17 3.92 3.85 3.71 3.17 3.31 3.72 3.66 3.76 3.65 3.56 3.44 3.37 3.28 3.28 3.74 3.56 3.66 3.46 3.28 3.19 885G
FLOOR AREA (10E6 M2) 116 119 123 126 130 132 135 137 140 143 145 148 152 155 158 161 164 167 171 174 177 138%

ENERGY/M2 (GJ/M2)

Electricity 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.5 181%
Final Energy 1.4 1.3 1.3 1.2 1.1 1.1 1.3 !.2 1.2 1.2 1.2 1.1 1.1 1.0 1.0 1.1 1.1 1.1 1.0 1.0 1.0 78%Cc_
Primary Energy 2.0 1.9 1.9 1.9 1.7 1.8 2.0 2.0 2.1 2.1 2.0 2.0 2.0 2.0 2.0 2.3 2.2 2.3 2.2 2.2 2.2 113 %

Useful Enerly 1.08 !.02 1.00 0.98 0.86 0.90 1.02 !.00 1.02 1.01 0.99 0.95 0.91 0.89 0.89 1.02 0.97 1.00 0.95 0.91 0.91 92%
)_.a

ACTUAL ENERGY USE (PJ)

Electricity 27 31 34 36 35 39 43 46 49 51 53 54 58 63 68 79 82 87 89 89 93 249%

Final Enersy 167 158 159 157 141 148 171 168 174 174 172 165 161 157 158 181 173 183 176 171 173 108%

Primary Energy 230 229 238 241 221 239 273 275 289 294 295 292 297 303 317 365 364 385 382 377 388 157%

ACTIVITY EFFECT (PJ)

Electricity 32 33 34 36 38 39 40 40 41 42 ,,4 44 44 45 46 47 48 49 50 52 54 144%

Fmal Energy 142 146 151 157 166 170 175 177 180 187 191 192 195 198 203 207 211 216 222 227 239 144%
Primary Energy 217 223 232 241 254 260 268 271 276 286 293 295 298 303 311 317 323 331 339 348 365 144%

STRUCTURE EFFECT (PJ)

Electricity 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 100%

Final Energy 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 100%
Primary Ertef_gy 241 241 241 241 241 241 241 241 241 241 241 241 241 241 241 241 241 241 241 241 241 100%

INTENSITY EFFECT (PJ)

Elocl.ricity 30 33 35 36 33 36 39 41 43 43 43 44 47 50 53 60 61 63 63 62 61 173%

Final Energy 185 171 166 157 133 137 154 149 152 146 142 135 130 124 122 138 129 133 125 118 114 75%

Primary Energy 255 247 247 241 210 221 245 244 253 247 243 239 240 240 245 278 271 280 271 261 256 108 %
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MANUFACTURING SECTOR

ENERGY USE BY TYPE (PJ)
Oil 258 246 260 267 249 230 233 221 216 213 190 167 142 121 115 III 102 96 86 79 71 30%

G-,. 0.5 0.5 0.4 0.5 0.4 0.5 4.2 2.7 3.7 4.7 4.7 4.5 4.2 4.4 4.7 7.1 10.4 10.9 12.0 13.8 15.7 3001%

Solids 174 168 165 178 188 195 184 164 174 185 177 166 160 184 193 200 200 204 214 215 213 121%

DistrictHeat 2.4 2.8 3.2 3.8 3.9 4.6 6.1 6.8 7.9 8.4 9.2 10.4 10.5 10.4 10.8 14.8 14.4 16.0 16.2 14.4 14.3 382%

Electricity I08 110 116 126 128 125 128 124 128 134 137 137 135 146 158 163 163 175 185 188 185 149%

Final Energy 543 528 544 575 570 555 556 518 529 546 517 485 452 465 483 496 490 502 513 511 "o9 89%
Primary Encrl_ 786 775 803 857 858 835 843 796 816 _5 823 793 755 791 837 862 855 894 927 932 914 109%

TOTAL RAW MATERIALS (PJ)
Oil 181 171 179 186 177 155 153 144 141 14A 126 108 90 74 69 67 63 58 53 49 43 26%

Gas 0.0 0.0 0.0 0.0 0.1 0.1 3.8 2.4 3.4 _.4 3.4 2.9 2.9 3.1 3.4 4.5 6.1 5.7 5.3 5.6 5.9

Solids 156 152 151 165 171 174 154 147 157 167 158 149 144 163 172 176 175 178 188 188 188 114%

District Heat 0.3 0.4 0.5 0.4 0.5 0.5 0.8 0.8 1.0 1.2 2.0 2.2 2.2 2.2 2.3 2.9 3.1 3.4 3.4 3.0 3.0 709%

Electricity 85 85 89 97 I00 95 96 91 95 99 97 96 93 I01 II0 I13 112 I18 125 128 124 131%

Fmsl Energy 422 408 419 448 448 424 407 385 397 411 387 358 331 344 357 364 359 364 375 373 364 83%
Primary Energy 611 600 619 666 671 637 622 589 610 634 604 574 539 571 604 617 610 627 654 659 642 99%

TOTAL NON-RAW MATERIALS (PJ)
Oil 76.7 75.6 80.9 81.3 72.3 74.8 80.5 77.8 75.1 72.7 63.1 59.2 52.8 46.3 46.4 44.3 39.4 37.1 33.3 30.5 27.8 37%

Gas 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.3 1.3 1.3 1.5 1.3 1.3 1.4 2.6 4.3 5.1 6.6 8.2 9.9
t

Solide 18.5 15.8 14.3 12.6 17.9 21.5 30.0 17.0 16.5 18.4 18.7 16.6 16.6 21.0 21.7 23.6 24.6 25.4 25.2 26.2 25.5 209%
t'J District Heat 2.1 2.4 2.8 3.3 3.5 4.1 5.3 6.0 6.9 7.2 7.3 8.2 8.3 8.2 8.5 11.9 !1.4 12.6 12.8 11.3 11.3 340%

Electricity 24 25 26 29 29 30 32 33 33 35 40 41 42 44 48 50 51 58 60 61 61 210_

Final Energy 121 119 125 127 123 131 149 134 132 134 130 127 121 121 126 132 131 138 138 137 135 108%

Primary Energy 175 175 184 191 187 198 221 207 206 212 219 219 216 221 253 244 245 267 273 273 272 143%

VALUE ADDED (lOe9 '80 USD)

Paper& Pulp 1.0 1.0 1.0 I.I 1.2 1.0 I.I 1.0 I.I 1.2 1.2 I.I I.I 1.2 1.2 1.2 1.3 1.4 1.5 1.5 1.4 129%
Chemicals 0.8 0.8 0.9 1.0 1.0 0.9 0.9 0.9 0.9 1.0 l.l l.l l.l 1.2 1.2 1.3 1.3 1.4 1.4 1.4 1.5 144%

Nonmetallic Mineral. 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 87%

Fcrmtm Metals 0.7 0.7 0.7 0.7 0.8 0.7 0.7 0.6 0.6 0.8 0.8 0.7 0.7 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9 125%

Nonferroua Metal. 0. i 0.1 0. ! 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 107 %

Other 11.0 11.1 11.1 11.7 12.4 12.8 12.8 12.1 11.5 12.2 12.2 11.8 11.7 12.3 13.1 13.4 13.6 13.8 14.0 14.3 14.0 122%
Total 14.2 14.3 14.4 15.4 16.2 16.3 16.3 15.3 14.9 15.9 16.0 15.4 15.4 16.1 17.1 17.5 17.6 18.1 18.5 18.8 18.4 122%

_CITY (PJ)

Paper & Pulp 38.0 38.2 41.5 46.0 47.6 43.9 45.7 45.3 48.7 51.6 49.3 49.8 47.0 52.3 57.8 59.4 59.9 65.2 69.5 72.3 72.1 157%
Chemical. 15.7 15.7 15.8 17.5 18.1 17.5 17.8 15.7 16.1 16.6 16.6 16.0 15.9 18.2 19.3 19.5 20.1 20.1 21.2 21.6 20.7 123%

Nonmetallic Minerals 4.4 4.5 4.5 4.7 4.5 4.4 4.3 4.1 4.1 4.2 4.4 4.2 4.2 4.3 4.5 4.7 4.5 4.6 4.8 4.8 4.5 103 %

FermuJ Metal. 19.9 19.5 19.6 20.9 21.3 21.1 20.2 18.0 17.8 18.8 18.5 18.2 17.5 17.8 19.8 20.3 18.9 18.8 19.6 19.0 17.1 91%

Nonferrous Metal. 6.6 7.5 7.7 8.0 8.1 7.8 8.2 8.1 8.2 8.1 8.1 8.1 8.2 8.6 9.0 9.2 8.5 8.9 9.7 9.8 9.8 122%

Other 23.7 25.0 26.4 28.9 28.8 29.9 32.3 32.6 33.1 34.5 39.7 41.2 42.2 44.5 47.9 50.0 50.9 57.7 60.3 60.8 61.0 210%
Total 108 110 116 126 128 125 128 124 128 134 137 137 135 146 158 163 163 175 185 188 185 149%



SWEDISH ENERGY SUMMARY 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 19'_ 1986 1987 1988 198_ 1990 198Ptl973
01110194

MANUFACTUIUNG SI_-'TOR (¢ouUnued)

FINAL ENERGY (P.0

Paper & Pulp 229 219 230 248 244 222 213 214 228 233 218 211 191 201 210 214 215 221 226 226 220 91%

Chemicals 33 32 32 34 33 31 33 31 32 33 34 33 32 33 32 33 32 32 33 32 31 95%

Nonmeu_ -.Minemls 47 46 48 48 45 42 39 37 34 36 35 30 28 27 27 26 24 25 25 25 26 52 %
Ferrous MeUd_ 102 100 97 105 112 117 107 88 89 95 g6 71 66 69 73 77 74 71 76 76 73 72%

NonferrousMetals 11 12 13 13 13 13 14 14 15 14 14 14 14 14 14 15 14 14 15 15 14 111%

Other 121 119 125 127 123 131 149 134 132 134 130 127 121 121 126 132 131 138 138 137 135 108%

Total 543 528 544 575 570 555 556 518 529 546 517 485 452 465 483 496 490 502 513 511 499 89%

PRIMARY ENERGY (PJ)

Paper & Pulp , 314 305 323 351 350 320 316 316 337 348 329 322 296 318 339 347 349 367 381 388 381 111%
Chemicals 68 67 67 73 74 71 73 66 68 70 71 68 67 74 76 76 77 77 80 80 77 I 10 %

Noeumesmllic Minerals 57 56 58 59 55 52 49 46 43 45 44 39 38 36 37 36 34 35 36 36 36 61%

Fcrrmm Metals 147 143 141 152 160 164 152 128 129 138 127 112 105 109 118 122 116 113 120 118 111 78%
Nonferrous Meuds 26 29 30 31 31 30 33 32 33 32 32 32 32 34 34 35 33 34 36 37 36 118 %

Other 175 175 IM 191 187 198 221 207 206 212 219 219 216 221 233 244 245 267 273 273 272 143%

Toud 786 775 803 857 858 835 843 796 816 845 823 793 755 791 837 862 855 l_94 927 932 914 109%

_CITY/VALUE ADDED (MJI'80USD)

Paper& Pulp 39.5 40.0 41.6 40.8 39.2 43.2 43.0 44.6 44.0 43.5 42.0 43.4 42.9 43.6 46.4 47.7 46.0 45.8 47.2 49.7 50.8 122%

Chemicals 20.6 19.7 18.1 17.7 17.4 18.9 18.8 17.3 17.0 16.7 14.9 14.4 13.8 14.8 15.6 15.3 16.1 14.6 14.8 15.2 14.2 86%
!

Nonmemllic Minemls 6.9 7.2 7.5 7.4 7.2 6.9 6.9 7.2 7.4 7.4 7.9 8.6 8.5 8.5 9.0 9.6 9.1 8.8 9.1 8.8 8.8 118%
c_ Ferrom Metab 28.8 28.8 29.3 28.4 26.6 28.6 29.9 29.8 27.7 24.7 24.6 26.2 23.7 23.1 23.3 24.5 24.0 23.6 22.2 20.7 19.7 73 %

Nonferrous Metals 49.7 55.0 53.2 48.2 44.7 50.2 51.4 52.4 49.6 47.3 46.3 51.8 49.4 50.0 51.9 53.0 49.1 50.7 55.2 55.0 56.8 114%
Other 2.2 2.3 2.4 2.5 2.3 2.3 2.5 2.7 2.9 2.8 3.3 3.5 3.6 3.6 3.7 3.7 3.7 4.2 4.3 4.2 4.4 172%

Total 7.6 7.7 8.0 8.2 7.9 7.7 7.9 8.1 8.6 8.4 8.6 8.9 8.8 9.0 9.3 9.3 9.2 9.7 10.0 10.0 10.! 122%

FINAL ENERGY/VALUE ADDED (MJ/'80 USD)

Paper & Pulp 238 229 231 220 201 218 201 211 206 196 186 183 175 168 168 172 165 155 154 155 155 71%
Chemicals 43 40 36 34 32 34 35 34 33 33 31 29 28 27 26 26 26 23 23 23 21 66%
Nonmetallic Minerals 74 74 79 77 72 66 63 65 62 62 62 61 57 53 54 52 49 49 48 46 49 6OS

Ferrous Metals 148 147 145 143 140 158 158 146 138 125 114 102 89 89 86 92 94 90 86 82 84 58%

Nonferrous Metals 81 87 88 79 73 83 91 89 88 83 79 89 84 84 83 85 79 80 83 82 83 104%

Other II II II II I0 I0 12 II II II II II I0 I0 I0 I0 I0 I0 I0 I0 I0 89%

Total 38 37 38 37 35 34 34 34 35 34 32 31 29 29 28 28 28 28 28 27 27 73%

PRIMARY ENERGY/VALUE ADDED (MI/'80 USD)

Paper & Pulp 326 319 325 311 288 315 297 311 304 293 280 281 271 265 272 279 268 258 259 267 268 86%
Chemicals 89 84 77 74 71 76 77 73 71 70 64 61 59 60 61 60 62 56 56 57 53 77%

Nonmetallic Minerals 89 91 96 94 88 81 78 81 79 79 80 81 77 73 74 74 69 69 69 66 69 70%

Ferrous Metals 212 211 210 207 200 222 226 213 200 180 169 161 142 141 139 147 148 143 136 129 128 62%
Nonferrous Metals 193 210 207 187 173 195 206 206 199 189 183 205 195 196 199 203 189 194 207 205 210 110%

Other 16 16 17 16 15 15 17 17 18 17 18 19 18 18 18 18 18 19 19 19 19 117%

Total 55 54 56 56 53 51 52 52 55 53 52 51 49 49 49 49 48 49 50 49 50 89%

ACTUAL ENERGY USE (PJ)

Electricity 108 110 116 126 128 125 128 124 128 134 137 137 135 146 158 163 163 175 185 188 185 149%

Final Energy 543 528 544 575 570 555 556 518 529 546 517 485 452 465 483 496 490 502 513 511 499 89%

Primary EnerlLv 786 776 803 858 859 835 844 797 817 847 824 794 756 793 839 864 857 896 929 935 916 109%



SWI_DJSHENERGY SUMMARY 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1998 1_JWI97'3
01110/94

.................................................................................................................... o ..........................................................

MANUFACTURING SECTOR (continued)

ACTIVITY EFFECT (PJ)
Electricity 116 117 118 126 133 133 133 126 122 130 131 126 126 132 140 143 144 148 152 154 151 122S
F'umlF.alersy 530 534 537 575 606 608 608 573 558 594 596 576 574 603 639 652 6.59 676 69'2 704 689 122%
Prlma_ Energy 791 796 801 858 904 907 907 855 832 886 889 860 856 900 954 973 984 1008 1032 1050 1028 122%

STRUCTUREEFFECT (PJ)
Electrici_ 120 119 122 126 128 I16 116 117 124 126 127 1:26 127 129 127 125 12.5 129 131 129 129 103%
F'mal Energy 558 552 559 5"75 58 ! 529 531 529 564 575 571 566 564 573 567 558 559 575 585 580 577 101S
Primary Energy 827 820 832 858 868 789 792 790 843 858 856 849 849 861 852 839 839 863 $78 871 867 1025L

INTEIqSITYEFFECT(PJ)
_ity 124 126 128 126 120 129 131 134 133 129 131 137 135 137 142 145 143 147 1.50 151 152 1205G
F'maJEnergy 609 593 599 575 $35 571 568 565 555 528 502 490 461 444 439 449 437 426 419 413 415 72%
PrimaryEnergy 887 876 887 858 805 860 863 866 855 819 796 799 766 753 759 777 759 756 756 752 757 88%

I

nr



SWEI)iSH EIqERGY SUMMARY 1970 1971 1972 1973 1974 1975 1976 19'7'7 1978 1979 1980 1981 1982 1983 1984 19_ 1986 1987 1988 198_ 1990 19tJg/IY73
01/10/94

OTH]ER INDUSTRY (ASr/culu_, ForcJu',/, Fmberim, C_,tnJctkm, Mmiq)
.....................................................................................................................................................................................................................

ENERGY USE BY TYPE (PJ)
Oil 41.2 40.8 40.5 41.2 39.8 40.9 43.8 42.5 39.2 41.1 44.6 42.6 39.3 38.3 38.4 40.9 41.1 41.8 40.0 39.0 39,1 95%

Gm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.I 0.2 0.3 0.5 0.6
Solids 5.2 4.9 4.4 4.6 4.6 5.0 4.2 3.6 3.9 3.4 3.8 2.0 2.3 2.8 3.1 3.7 2.9 3.1 3.4 2.9 2.8 625

Dbtrict Heat 0.14 0.14 0.15 0.16 0.16 0.17 0,18 0.17 0.17 0.16 0.16 0.15 0.16 0.18 0.22 0.23 0.25 0.31 0.28 0.28 0.28 1795

Electricity 10.1 11.3 12.0 13.0 12.8 13.8 15.3 14.8 13.6 15.3 15.1 14.9 14.6 14.7 15.6 18,0 17.6 18.3 18.2 17.4 17.3 1345

Final Energy 56.6 57.2 57.1 59.0 57.5 59.9 63.4 61.0 57.0 59.9 63.6 59.6 56.3 56.0 57.4 62.8 61.9 63.6 62.1 60.1 60.1 102%

Primary Energy 79.3 82.5 83.9 88.1 86.3 91.0 97.6 94.1 87.6 94.$ 97.4 92.9 89.1 89.1 92.5 103.0 IOI.3 104.6 102.9 99.0 98.9 1125

VALUE ADDED (lOe9 '80USD) 8.01 8.19 8.25 8.31 8.05 8.07 8.28 8.06 8.01 8.19 8.31 8.19 8.40 8.55 8.83 8.80 9.02 9.11 9.13 9.84 9.96 1185

ENERGYfVACUE ADDED (MJ/'80USD)

Electricity 1.26 1.38 1.45 1.56 1.60 1.72 1.84 1.83 1.70 1.87 1.81 1.81 1.74 1.72 1.77 2.04 1.95 2.00 1.99 1.76 1.74 1135

Final Energy 7.07 6.98 6.92 7.10 7.14 7,43 7.65 7.57 7.11 7.32 7.65 7.27 6.70 6.55 6.50 7.13 6.86 6.98 6.90 6.10 6.03 86%

Prima_ Energy 9.9 I0.I 10.2 10.6 10.7 11.3 11.8 11.7 10.9 11.5 11.7 11.3 10.6 10.4 10.5 11.7 11.2 11.5 11.3 I0.I 9.9 955

ACTUAL ENERGY USE (PJ)

Electricity 10 11 12 13 13 14 15 15 14 15 15 15 15 15 16 18 18 18 18 17 17 1345

Feud _tergy 57 57 57 59 57 60 63 61 57 60 64 60 56 56 57 63 62 64 62 60 60 1025

Primary Energy 79 83 84 88 86 91 98 94 88 94 97 93 89 89 92 103 I01 105 103 99 99 112 5

t ACTIVITY _ (PJ)b...t

Electricity 13 13 13 13 13 13 13 13 13 13 13 13 13 13 14 14 14 14 14 15 16 1185

Fml Er_..r_ 57 58 59 59 57 57 59 57 57 58 59 58 60 61 63 62 64 65 65 70 71 1185

Primary Energy 85 87 87 88 85 86 88 85 85 87 88 87 89 91 94 93 96 97 97 104 106 1185

STRUCTURE EFFECT (PJ)

Electricity 12 12 12 13 13 11 11 10 9 11 11 10 10 10 11 11 11 11 11 12 12 925

Final Energy 56 58 57 59 61 55 54 51 49 52 52 51 50 50 51 53 52 50 50 50 51 855
Primary Energy 80 85 84 88 88 79 79 73 69 76 77 74 72 74 78 81 82 81 81 86 89 985

INTENSITY EFFECT (PJ)

Electricity 10 11 12 13 13 14 15 15 14 16 15 15 14 14 15 17 16 17 17 15 14 1139t
Final Energy 59 58 57 59 59 62 64 63 59 61 64 60 56 54 54 59 57 58 57 51 50 865

Primary Energy 82 84 84 88 89 94 98 97 91 96 97 94 88 87 87 97 93 95 _4 84 82 95_

AGRICULTURE

Electricity, PJ i.9 2.2 2.5 2.6 2.3 2.7 3.1 3.3 3.7 4.1 4.1 4.3 4.7 4.5 4.7 5.8 5.5 5.9 5.5 5.4 5.3 211.15
Delivered. PJ 27.6 26.1 26.2 26.2 25.2 25.8 27.2 27.0 26.8 26.8 30.8 30.6 29.9 29.7 29.9 32.4 32.4 33.4 32.8 31.9 31.9 121.65

Value Added (10e9 "80 USD) 2.5 2.7 2.6 2.6 2.7 2.5 2.5 2.3 2.3 2.3 2.4 2.4 2.6 2.7 2.8 2.7 2.7 2.6 2.5 2.9 3.0 111.1_

Intensity (MJ/USD) 11.0 9.8 10.2 10.1 9.3 10.4 11.0 11.7 11.5 11.5 12.8 12.5 11.5 10.9 10.6 11.9 12.0 13.1 13.0 11.1 10.7 109.55

MINING

_ity.PJ 5.7 6.4 6.7 7.7 8.1 8.5 9.1 8.2 6.9 8.0 7.9 7.2 6.9 7.3 7.8 8.9 9.0 9.2 8.9 8.6 8.6 112.05

Delivered, PJ 18.0 19.1 18.6 20.6 21.7 22.3 23.2 20.1 16.8 19.1 19.1 14.6 13.1 13.2 14.2 16.3 15.7 15.7 14.4 13.4 13.4 64.85

Value Added (10e9 '80 USD) 5.1 5.1 5.3 5.2 4.9 5.2 5.4 5.4 5.4 5.5 5.5 5.4 5.5 5.6 5.7 5.7 6.0 6.2 6.3 6.6 6.6 126.3_

Intemity (MJ/USD) 3.5 3.8 3.5 3.9 4.5 4.3 4.3 3.7 3.1 3.5 3.4 2.7 2.4 2.4 2.5 2.8 2.6 2.5 2.3 2.0 2.0 51.35

CONSTRUCTION

Electricity,PJ 2.5 2.7 2.8 2.8 2.4 2.7 3.0 3.2 3.1 3.2 3.1 3.3 3.0 3.0 3.1 3.3 3.1 3.2 3.7 3.4 3.5 122.75
Delivered, PJ 11.0 11.9 12.3 12.1 10.6 11.8 13.0 13.9 13.4 14.1 13.7 14.4 13.3 13.1 13.3 14.1 13.8 14.6 14.9 14.8 14.8 122.3%

Vahte Added (10e9 '80 USD) 5.1 5.1 5.3 5.2 4.9 5.2 5.4 5.4 5.4 5.5 5.5 5.4 5.5 5.6 5.7 5.7 6.0 6.2 6.3 6.6 6.6 126.35

Intensity (MJ/USD) 2.2 2.3 2.3 2.3 2.2 2.3 2.4 2.6 2.5 2.6 2.5 2.6 2.4 2.4 2.3 2.5 2.3 2.4 2.4 2.2 2.2 96.95



$_H ENI_GY SUMMARY 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1_ 1986 1987 1_J8 I_J9 1990 1989/1_/3
01/10/94

......................................................................................................................................................................................................................... --=---= ...... --

PASSE2qGER TRANSPORT SlK_TOR

ENERGY USE BY TYPE (PJ)
Oil 114 121 127 135 129 141 147 149 153 155 152 152 155 157 163 163 171 177 i81 186 180 138%

Electricity 2.7 2.3 2.5 2.4 2.3 2.4 2.5 4.4 4.5 2.7 4.9 5.0 5.1 5.1 5.1 5.3 5.2 5.2 5.2 4.9 5.0 209%

Final Enersy ! 17 123 130 137 131 144 150 153 157 158 157 157 160 162 !68 168 176 182 187 191 185 139%

Prhnmy Energy 123 128 135 143 136 149 1.56 163 167 164 168 169 171 174 179 180 188 194 1948 202 197 142%

ENERGY USE FOR PASSENGER (PJ)
Autos 104.6 110.1 116.7 123.3 115.9 128.3 133.4 137.2 140.4 140.3 139.9 139.4 141.0 142.7 147.4 147.5 154.2 159.1 162.8 166.1 160.9 135%

Motorcycles 1.3 1.2 1. I 1.0 1.0 0.9 0.9 0.9 0.9 0.9 0.9 1.0 1.1 1.2 1.3 1.3 1.3 1.2 1.2 1.2 1.1 115%
Buses 5.0 5.3 5.4 5.9 6.5 6.7 6.9 7.0 7.1 7.5 6.7 7.0 7.3 8.2 8.6 8.8 9.2 9.3 9.2 9.6 9.6 163%

Rail 4.5 4.4 4.3 4.6 4.9 4.9 5.2 5.1 5.2 5.2 5.4 5.6 5.7 5.8 5.7 6.0 5.9 5.9 5.9 5.6 5.7 123%

Of which electricity 4.2 3.9 3.9 4.0 4.0 4.2 4.3 4.4 4.5 4.6 4.9 5.0 5.1 5.1 5. I 5.3 5.2 5.2 5.2 4.9 5.0 124%
Local tremit

Wmer 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.4 3.3 3.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 125%

Air 2.1 2.7 2.5 2.8 3.1 3.3 3.7 3.3 4.0 4.7 4.7 5.2 5.7 5.6 6.2 5.6 7.1 7.7 8.8 9.6 9.2 339%

VEHICLE STOCK,(IOe3) sut_ 2246 2327 2392 2470 2576 2700 2816 2865 2857 2856 2813 2829 2852 2907 2979 3052 3140 3250 3368 3476 3537 141%

VEHICLE-KM (lOeg) autos 32.2 33.6 35.3 37.0 35.8 38.7 39.9 40.7 41.3 41.3 41.4 41.2 41.8 42.5 43.9 44.3 47.1 49.6 51.2 52.8 51.4 143%

PASSENGER-KM (10c9)

Autos, Light Trucks 55.4 57.4 59.3 61.9 59.9 O1.2 66.4 68.2 68.5 68.5 66.7 66.4 67.3 68.7 71.0 72.2 76.2 79.6 83.3 87.4 86.4 141%
Motorcycles 1.00 l.OO 0.90 1.00 1.00 !.00 0.80 0.80 0.90 0.80 0.80 0.90 1.00 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 110%

Cc_ Buses 5.5 5.5 5.6 5.7 6.3 6.4 6.5 6.6 6.7 7.0 7.3 7.9 8.5 8.7 8.9 9.0 9.0 9.0 9.0 9.0 9.0 158%

' Rail 4.6 4.0 4.5 4.6 5.5 5.6 5.6 5.6 5.6 6.2 7.0 7.1 6.6 6.7 6.7 6.8 6.4 6.2 6.3 6.2 6.2 135%

0% Local Tmmit i. 1 !. 1 i.2 1.2 !.3 1.3 1.4 !.4 !.5 !.5 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.9 1.8 i.8 150%
Water

Air 0.6 0.7 0.7 0.7 0.8 0.8 0.9 0.9 i.0 1.3 1.4 1.6 1.8 2.0 2.2 2.3 2.7 2.9 3.2 3.3 3.4 452%

Teal Piss-Kin (iOeg) 68.2 69.7 72.2 75.1 74.8 79.3 81.6 83.5 84.2 85.3 84.8 85.5 86.8 88.8 91.5 93.0 96.9 100.4 104.8 108.8 107.9 14588

ENFJ_.'GYIRICI_ (MJIPKM)

Automobiles & Light Trucks 1.89 1.92 1.97 1.99 1.94 2.00 2.01 2.01 2.05 2.05 2.10 2.10 2.10 2.68 2.08 2.04 2.02 2.00 !.95 !.90 1.86 95S

Motorcycles
Buses 0.92 0.96 0.97 1.03 1.03 1.05 1.06 1.05 1.06 1.07 0.92 0.88 0.86 0.94 0.97 0.97 1.02 1.03 1.02 1.06 1.07 I03%

Rail 0.98 1.10 0.96 1.00 0.89 0.87 0.93 0.92 0.93 0.84 0.77 0.79 0.86 0.86 0.86 0.89 0.93 0.95 0.94 0.91 0.92 91%
Water

Au- 3.47 3.80 3.68 3.86 3.95 4.05 4.01 3.84 3.91 3.56 3.38 3.28 3.21 2.84 2.77 2.44 2.65 2.65 2.76 2.89 2.70 75%

Total 1.71 1.76 1.79 1.83 1.75 1.81 1.84 1.83 1.86 1.85 1.85 1.84 1.84 1.83 1.83 1.81 1.82 1.81 1.78 1.75 1.72 96%

Aurae, Energy/vch-km 3.25 3.28 3.30 3.33 3.24 3.31 3.34 3.37 3.40 3.40 3.38 3.38 3.37 3.36 3.36 3.33 3.27 3.21 3.18 3.15 3.13 94%

VEHICLE STOCK,CAR5/( 10e3)people 279 287 294 304 316 330 343 347 345 344 338 340 343 349 357 366 375 387 399 409 413 135%

ACTUAL ENERGY USE (PJ)

Electricity 2.7 2.3 2.5 2,4 2.3 2.4 2.5 4.4 4.5 2.7 4.9 5.0 5.1 5.1 5.1 5.3 5.2 5.2 5.2 4.9 5.0 209%

Fmml Energy 117 123 130 137 131 144 150 153 157 158 157 157 160 162 168 168 176 182 187 191 185 139%
Primary Energy 123 128 135 143 136 149 156 163 167 164 168 169 171 174 179 180 188 194 198 202 197 142%
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SWiI_ISH ENERGY SUMMARY 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1964 1985 1986 1_7 1988 198_ 1990 IdJ89'/1973
01110/94

PASSENGER TRANSPORT SECTOR (eoattmNed)

^CTWn_ _ (e.r)
Electricity 2.1 2.2 2,3 2.4 2.3 2.5 2.6 2.6 2.6 2.7 2.7 2.7 2.7 2.8 2.9 2,9 3.0 3.1 3.3 3.4 3.4 145%

FinalEnergy 125 127 132 137 137 145 149 I$3 154 156 I$5 156 159 162 167 170 177 Ig4 191 199 19"/ 145%

PrimaryEnergy 129 132 137 143 142 150 I$5 158 160 162 161 162 165 168 174 177 184 191 199 206 205 145_

STRUCTURE EFFECT (PJ)

Electricity 2.3 2.4 2.4 2.4 2.3 2.3 2.3 2.4 2.4 2.4 2.3 2.3 2.3 2.3 2.3 2.3 2.4 2.4 2.4 2.4 2.4 I02S

Final Energy 136 137 137 137 136 136 137 137 137 137 136 1.36 136 136 137 137 13g 139 140 140 140 102%

PHn_, Energy 141 143 142 143 141 142 142 142 142 142 141 141 141 141 142 142 144 144 145 146 146 lOZ_
INTENSITY EFFECT (PJ)

Electricity 2.2 2.3 2.3 2.4 2.3 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.3 2.3 2.2 2.2 95S

FinalEnergy 130 133 135 137 133 137 138 138 140 140 141 141 141 140 140 138 137 136 133 130 128 95%

Primsry Energy 135 138 140 143 139 143 144 143 146 145 146 146 146 145 145 143 143 141 13g 135 132 95%

!



SWEDISH ENERGY SUMMARY 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 19_5 l_J6 I_F7 1988 1989 15_0 1_1973

01/10/94

FREIGHT TRANSPORT SI_CTOR

.ENERGY USE BY TYPE (PJ)
Oil 44 43 43 45 47 46 48 51 51 55 55 51 53 58 61 63 64 68 68 71 73 157%

Electricity 4.0 3.6 3.8 4,0 3.8 3.6 3.6 3.6 3.5 3.7 3.6 3.4 3.4 3.6 4.0 4.2 4.3 4.3 4.3 4.2 4.1 106%

Final Energy 48 47 47 49 51 50 52 54 54 59 59 55 56 62 65 67 68 72 72 75 77 153 %

Primary Energy 57 55 55 58 59 58 60 62 62 67 67 62 64 70 74 76 78 82 82 84 86 146%

TRUCK STOCK (10"3)
Truck Stock 144 143 144 147 151 154 161 167 175 178 209 IN/A IN/A 228 238 249 262 279 299 326 #N/A 222%

ENERGY USE BY MODE (PJ)
Trucks 37.9 38.5 39.5 40.9 43.2 42.9 43.5 46.7 47.5 51.5 51.5 47.9 49.5 54.9 57.4 58.7 60.5 62.5 61.9 67.0 69.7 164%
Rail 4.4 4.1 4.2 4.6 4.7 4.2 4,4 4.1 4.0 4.2 4.0 3.8 3.1 4.1 4.5 4.8 4.9 4.9 4.9 4.8 4.6 105%

Of Which Electricity 4.0 3.6 3.8 4.0 3.8 3.6 3.6 3.6 3.5 3.7 3.6 3.4 3.4 3.6 4.0 4.2 4.3 4.3 4.3 4.2 4.1 106%

Ship 5.7 4.0 2.8 3.4 2.8 2.9 3.7 3.4 2.6 3.2 3.3 2.8 2.7 2.6 3.2 3.5 3.0 4.9 5.3 2.9 2.8 85%

Pipeline,Floating
Air 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.O 37%

TONNE-KM (10e9)

Trucks 17.5 18.7 19.1 21.6 22.5 21.5 22.0 21.5 21.9 24.2 23.0 22.6 22.7 22.7 24.6 23.0 24.8 24.7 25.0 27.1 29.1 125%

Rail 17,3 15.7 16.2 18.3 19.6 16.1 16.2 14.8 14.8 17.4 16.6 15.3 14.4 15.7 17.8 18.4 18.6 18.4 18.7 19.2 19.1 I05%

Ship 5.2 5.5 5.9 6.3 7.2 8.2 9.3 9.3 8.7 10.2 10.3 9.2 9.4 9.2 9.1 9.2 9.4 8.7 7.9 7.9 7.7 125%
Pipelioc, Floating

U_ Air 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 79%
J Total 40.0 39.9 41.2 46.2 49.3 45.8 47.5 45.6 45.4 51.8 49.9 47.1 46.5 47.6 51.5 50.6 52.8 51.8 51.6 54.2 55.9 ll7K

t-a

oo
ENERGYrrKM (MJrrKM)

Trucks 2.2 2.1 2.1 1.9 1.9 1.99 1.98 2.17 2.17 2.13 2.24 2.12 2.2 2.4 2.3 2.6 2.4 2.5 2.5 2.5 2.4 130%

Rail 0.3 0.3 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 101%

Ship 1.1 0.7 0.5 0.5 0.4 0.4 0.4 0.4 0,3 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.3 0.6 0.7 0,4 0.4 68%

Pipeline
Air 1.0 0.9 0.9 0.9 0,7 0.7 0.7 0.0 0.6 0.5 0.5 0.5 0.5 0,4 0.4 0.4 0.4 0.4 0.4 0.4 0.0 47%

Total !.2 1.2 1.1 1.1 1.0 1.1 1.1 1.2 1.2 1.1 1.2 1.2 1.2 1.3 1.3 1.3 !.3 14 1.4 !.4 1.4 130%

ACTUAL ENERGY USE (PJ)

Electricity 4.0 3.6 3.8 4.0 3.8 3.6 3.6 3.6 3.5 3.7 3.6 3.4 3.4 3.6 4.0 4.2 4.3 4.3 4.3 4.2 4.1 106%

Final Energy 48 47 47 49 51 50 52 54 54 59 59 55 56 62 65 67 68 72 72 75 77 153 %

Primary Energy 57 55 55 58 59 58 60 62 62 67 67 62 64 70 74 76 78 82 82 84 86 146%

ACTIVITY EFFECT (PJ)

Electricity 3.4 3.4 3.5 4.0 4.2 3.9 4,1 3,9 3.9 4.4 4.3 4.0 4.0 4.1 4.4 4,3 4,5 4.4 4.4 4.6 4.8 117%

Final Energy 42 42 44 49 52 48 50 48 48 55 53 50 49 50 55 54 56 55 55 57 59 117 %

Primary Energy 50 50 52 58 62 57 59 57 57 65 62 59 58 60 64 63 66 65 65 6_ 70 117%

STRUCTURE EFFECT (PJ)

Electricity 3.8 4.0 4.0 4.0 3.9 4.1 4.1 4.2 4.2 4.1 4.1 4.2 4.3 4.2 4.1 4.0 4.1 4.1 4.1 4.2 4.3 I06%

Final Energy 46 49 49 49 48 50 51 51 52 51 51 52 53 51 51 49 50 51 51 52 53 106%

Primary Energy 55 58 58 58 57 60 60 61 61 60 60 61 62 61 60 58 60 60 60 61 62 106%

INTENSITY EFFECT (PJ)

Electricity 4.7 4.4 4.2 4.0 3.9 4.1 4.1 4.4 4.3 4.2 4.4 4.2 4.4 4.7 4.6 5.0 4.8 5.1 5.1 4.9 4.7 123%

Final Enexgy 58 54 52 49 48 50 50 54 54 52 55 52 54 59 57 62 59 63 62 60 58 123 %

Primary Energy 69 63 62 58 57 59 59 64 63 62 65 62 64 69 67 73 70 74 74 71 69 123%
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