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PREFACE

Energy Use in Sweden: An International Per-
spective analyzes the evolution of energy use in Sweden
since the early 1970s. The purpose of the study, which is
sponsored by NUTEK, Department of Energy Efficiency,
the Swedish Agency for Technical and Industrial
Development, is to shed light on the future path of
energy use in Sweden by quantifying and understand-
ing changes in past energy use.

Energy efficiency has been identified by Swedish
authorities in countless official studies as a key element
in Sweden's efforts to restrain oil imports, reduce reli-
ance on nuclear power, reduce environmental impacts of
energy use, and reduce CO, emissions. To understand
the role or performance of energy efficiency in the 1970s
and 1980s in Sweden, and what this performance means
about the future, we seek answers to three broad ques-
tions:

¢ How has the structure and efficiency of energy use in
Sweden evolved since the early 1970s, and where data
permit, since even earlier? What caused these changes?

¢ How does the structure of energy use in Sweden differ
from that of other countries, and how has the evolution
of energy use in Sweden differed from developments in
other countries?

¢ How much energy has Sweden saved, and why? Are
these savings permanent? To what extent were they
offset by changes in the structure of energy use? And to
what extent is the magnitude of these savings depen-
dent upon the way we measure energy use?

Our report reviews the long-term evolution of
Swedish energy use, focusing on developments in five
sectors of the economy: residential, service, industrial
(manufacturing and "other industry” defined as mining,
agriculture, forestry and fisheries, and construction),
travel, and freight. We then examine Swedish energy
use in a broader perspective, drawing detailed com-
parisons to other nations. Finally, we discuss a series of
issues that hover over the future of energy demand in
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
bé maintained?
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Energy Use in Sweden: An International Perspective

EXECUTIVE SUMMARY

In 1990, NUTEK's Department of Energy
Efficiency (then Statens Energiverk) asked the
International Energy Studies (!ES) Group at the
Lawrence Berkeley Laboratory in Californial to
analyze trends in the structure and efficiency of
energy use in Sweden since 1970 and compare
them with those in other countries. Work was
carried out with assistance from Statistiska
Centralbyrin and leading authorities on
manufacturing, fransportation, housing, and
energy. The study, which took one year to com-
plete, analyzed virtually all existing official and
unofficial data on the structure of Sweden's
energy-economy, building on previous IES stu-
dies of Sweden and other countries. Our results
are summarized below.

Between 1973 and 1989, improved energy
efficiency saved 24% of Swedish final energy use and 8%
of Sweden'’s energy use if the losses for making electri-
city and district heat are counted. These savings were
concentrated in the manufacturing and household sec-
tors, but important savings also occurred in air travel
and the heating of commercial buildings. Savings in
auto travel were small and savings for trucks were nega-
tive. Since the crash in the price of oil in 1986 the rate of
savings has slowed markedly, consistent with trends in
other major industrialized countries. Changes in the
mix of goods produced by Swedish manufacturing
increased energy use only slightly, but changes in how
consumers lived increasnd energy use significantly.

How do these results compare with those in other
countries? IES analyzed developments in Denmark, the
U.S., W. Germany, Japan, and Norway over the same
time period. We found that Sweden placed fifth in
energy savings, ahead of Norway but well behind the
other countries. The reasons included the relatively
efficient starting point for Swedish buildings in 1973
(which are still the most effectively heated in the OECD)
and the enormous increase in the use of low-cost electri-
city use (in place of oil).

! The Lawrence Berkeley Laboratory is a federally-owned facil-
ity operated by the University of California, and has had nine No-
bel Laureates. The present work was carried out under contract to
NUTEK, with indirect support from the Stockholm Environment
Institute. Similar efforts were carried out for the Danish and
Norwegian governments. The full study, by Schipper, F. Johnson,
R. Howarth, B. G. Andersson, B. E. Andersson (both of
Handelshogskolan, Stockholm), and L. Price, is available from NU-
TEK or IES.
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The shift towards slightly more energy-intensive
production in Swedish industry also occurred in France
and above all in Norway, in strong contrast to the
decline in the role of heavy industry in W. Germany,
Japan, and the U.S. The increase in energy use led by
changes in consumers’ lifestyles—home comforts and
travel—occurred in most other OECD countries as well.

Three factors “caused” the improvements in
energy efficiency in Sweden. Higher fuel prices were
the most important cause, as can be seen by the
increases that occurred in the efficiency of oil use or sub-
stitution away from oil towards electricity or biomass in
buildings and industry. Where prices changed less
dramatically (electricity) or where price changes
reversed (gasoline), savings were less dramatic. Long-
term technological change that was already causing
energy savings before the first oil crises of 1973 contin-
ued to contribute to energy saving in industry and heat
savings in homes and buildings. The two most impor-
tant policies underlying these long-term improvements
were Sweden'’s open industrial policy oriented towards
exports and unique policies for housing and buildings,
which needed little change after 1973 in order to con-
tinue their contributions to energy efficiency. Energy-
saving policies in place between 1973 and 1985, which
were focused principally on heating and oil savings,
were effective but overall had a smaller effect that the
first two "causes” of improved efficiency. Lack of good
data about energy use in Sweden in the 1970s hampered
the effectiveness of energy saving policies somewhat,
but the system has improved considerably, although
major gaps still remain, mainly in transportation.

In the beginning of the 1990s. Sweden exhibits one
of the most energy-intensive economic structures in the
OECD (after the U.S. and Canada). Sweden maintains a
slight edge in efficiency of space heating and trucking,
shows average performance for industry and electric
appliances, but has one of the most fuel-intensive auto
fleets in Europe. Important new developments may
change these rankings in the future, however. First,
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
improvements in electricity use, particularly Teknikup-
phandling and Vattenfall’s Uppdrag, have the potential to
affect electricity efficiency dramatically in the coming
decade. Finally, the current fiscal crisis may force
authorities to wind down some traditions that have
boosted energy use, such as company car tax subsidies,
subsidies for commuting to work, and housing subsi-
dies.
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Environmental and climate concerns now drive
much energy policy, but many other forces control the
overall level of economic activity: What is made, how it
is made, and how it is consumed in Sweden. In this
respect, Sweden faces many dilemmas: the future of
nuclear power, the future of subsidies for housing and
travel, the choice to clean up further emissions from
industry in Sweden or industries across the Baltic, pric-
ing and taxation policies for fuels and electricity, the role
of Sweden'’s energy-intensive exports of paper and steel
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products, and indeed the lifestyles of the Swedes. As
outsiders, we only point out that these choices may be as
important as energy-efficient technologies in determin-
ing future energy use in Sweden and the future level of
pollution as well. Above all, public and private authori-
ties in Sweden need to redouble their efforts to quantify
the link between their choices and the resulting changes
in economic activity, energy use, and pollution, lest they
make the right choices but get the wrong results!



1. INTRODUCTION

The purpose of the study, which is sponsored by
NUTEK, Department of Energy Efficiency, the Swedish
Agency for Technical and Industrial Development, is to
shed light on the future path of energy use in Sweden by
quantifying and understanding changes in past energy
use. In particular, our goal is to quantify the impact on
energy use of improvements in energy efficiency and
other changes in the structure of energy use after 1973.
Where possible, we identify the causes of these changes.
After comparing Sweden’s performance with that of
other countries, we discuss implications of our findings
for future energy use and policies in Sweden.

1.1. Background

Twenty years ago, Swedish policy makers and the
public at large were confronted by unwelcome and
unanticipated increases in oil prices. While world oil
markets previously had been marked by relative stabil-
ity, the Arab oil embargo of 1973 sent fossil fuel prices to
record highs. In 1979, oil prices jumped once again,
spurred by the Iranian Revolution and ensuing Iran-Iraq
War. The impacts of these events on the Swedish econ-
omy should not be underestimated.

Sweden was particularly vulnerable to the oil
price shocks of the 1970s because the nation depended
so0 highly on imported oil to provide the bulk of fuel for
homes, buildings, and manufacturing (see Figure I-1).
Also Sweden’s export-oriented industry was critically
dependent upon energy-intensive metals and paper pro-
ducts for both direct exports and as inputs to finished
goods. Lastly, the oil crisis occurred just as Sweden was
beginning to question the role nuclear power would
play in its electricity system, which up until the 1970s
was based almost entirely on hydroelectric power. In
fact, the first oil crises occurred as oil-fired capacity for
electric power and combined district heat and power
was starting to spread. Thus the first oil crisis struck
Sweden when attention was already focusing on energy
problems.

Not surprisingly, the energy shocks gamered the
attention of public and private authorities on the both
the conflicts and complementarities of these issues. On
the one hand, higher oil prices could spark a wave of
efficiency improvements that might affect all energy use;
on the other hand, electricity from nuclear power offered
both an alternative to expansion of oil-fired capacity,
and to a significant extent, a direct alternative to oil for
both space or water heating in homes and buildings.
Additionally, electricity could offer an indirect alterna-
tive to oil by stimulating growth in electro-processes,
such as thermo-mechanical pulping or electro-steel, or
by permitting a shift in chemicals output towards
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electricity-intensive chemicals such as chlorine.

The Swedish debate over nuclear power and oil
raged on through the 1970s and continued well after the
second oil shock. The accident at Three Mile Island
renewed concerns over nuclear power, leading to the
1980 Nuclear Referendum. Far from putting the issue
aside, the decision in 1980 to phase out nuclear power—
maybe—rekindled a rash of electricity-saving studies, as
oil saving concerns faded as the real price of 0il contin-
ued to fall. The crash in the price of oil in early 1986
would have dissolved remaining interest completely,
had not the accident at Chernobyl once again fanned
public opinion in Sweden against nuclear power. After
another round of studies illustrating the potentials for
saving electricity, Sweden embarked anew on a major
conservation campaign.

In the 1990s, the "energy problem” has been
refined further in light of concerns over the relationship
between energy use and environmental degradation.
Fossil fuels are recognized as a major source of urban air
pollution and contributor to the acid deposition that
threatens terrestrial and aquatic ecosystems in Northern
Europe and Scandinavia. Perhaps most importantly,
carboniferous fuels such as coal, oil, and natural gas
have been linked to the greenhouse effect, which
threatens to bring about highly uncertain but potentially
devastating changes in the earth’s climate.

The energy-saving successes of the 1970s and
1980s had both positive and negative impacts on the
environment. Certainly, enhanced energy efficency
reduced the environmental burdens associated with
energy use. Increased reliance on nuclear power, how-
ever, furthered the challenges to future Swedish energy
policy: How could Sweden turn off nuclear power yet
reduce the problems associated with burning fossil fuels
at the same time, particularly if carbon-laden fuels
would have to substitute directly or indirectly for some
of the nuclear power?

Whatever the answer, it is clear that any proposals
to modify future energy supplies in Sweden will depend
on the evolution of energy demand. Indeed, Swedish
energy policies recognized the importance of under-
standing the demand side in the 1960s, a time when little
was known—or asked—about the intricacies of energy
demand in most other countries’ energy-policy circles.
Yet in many ways the analyses of Swedish energy
demand connected to these policies was sometimes
deficient, lacking both critical data and a historical per-
spective balanced among all major consuming sectors.

For example, the 1967 report, Sveriges
Energiférsérjning (EK 1967), could not disaggregate fuel
consumption by major modes of transportation. Yet the
same study showed a remarkable sensitivity to the
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breakdown of household energy use by home type, fuel,
and heating system. By contrast, the 1974 report, Energi
1985 2000 (EPU 1974) was rich in the details of the 1970
structure of energy use in transportation, but lost much
of detail in the residential sector. Yet energy efficiency
policies developed in the wake of EPU focused so much
on saving oil from space heating. The lack of informa-
tion on the structure and energy use in heating had wide
repercussions, since it was difficult to measure the
impact of energy efficiency improvements, or the suc-
cess of policies, aimed at particular sectors or uses. Only
in 1978 did a new bill aim at improving energy
efficiency in buildings with a clearly stated quantitative
goal of a certain reduction in energy use in buildings
built before 1978. Successive energy policy documents
focused on different sectors, yet there was never a
comprehensive review of trends in the structure of
energy use in all sectors covering the entire period of
turmoil from 1973 onward.

1.2. Goals and Scope of This Study

This report reviews the long-term evolution of
Swedish energy use, focusing on developments in five
sectors of the economy: residential, service, industrial
(manufacturing and other industry), travel, and freight.
Although we had intended to start our analysis in 1960,
lack of data constrained our ability to construct a
detailed history of the nation’s energy use prior to the
1970s. We examine trends in both the activities that
drive energy use and their corresponding energy uses,
seeking to understand not only the technical efficiency
of energy utilization but also the human context in
which energy is used.

This report also examines Swedish energy use in a
broader perspective, drawing detailed comparisons to
developments in other nations. First we compare energy
use in Sweden to that in other OECD countries (Den-
mark, Norway, Italy, France, the UK., West Germany,
Japan and the U.S.) on a sectoral basis. Then we assess
Sweden'’s overall standing amorg five of these countries
(Norway, Denmark, West Germany, Japan and the U.S.)
in terms of sectoral activity levels, the structure of
energy use, and energy intensities.

With this in mind, the specific goals of this study
are to:

¢ Quantify the development of energy use and its under-
iying structural determinants;

* Quantify components of changes in energy-use that
occurred between 1970 and 1990: sectoral activity, sec-
toral structure, the intensities of individual energy uses,
and fuel switching;

e Compare these findings with those from other major

Fnergy Use in Swaeden/Schipper-IES

countries;

* Comment on causes of change, the short- or long- term
nature of these changes, and whether such changes
might reverse in the near future;

e Address the apparent slow-down in the improvement
of energy-use efficiency in Sweden;

¢ Comment on implications the findings have for future
energy use patterns in Sweden.

We examine the major uses of energy in five end-
use sectors in detail, and in a sixth sector (agriculture,
mining, and construction) briefly. We also note impor-
tant developments in the energy sector itself.

12.1. Definitions, Conventions

In this study, activity (also called volume or output
in our other work) represents the gross measure of out-
put in each sector, the population, or the total level of
passenger or freight transportation. Structure refers to
the mix of activities for which energy is used. Energy
intensity measures energy consumed per unit of activity.
Intensity may be measured as an aggregate across one or
many sectors or be narrowly defined as the ratio of a use
of a single fuel to a measure of activity for a single pur-
pose. Efficiency, properly defined, is the ratio of activity
to energy use. Energy conservation in its broadest sense
means the act of decreasing energy intensities or increas-
ing energy efficiencies. With respect to the energy sec-
tor, we adopt the convention of considering primary fuel
inputs to electricity production by counting hydropower
at 85%, nuclear power at 34% and other fuels such as oil
and gas at 40%. The SCB energy balances use similar
conventions in reporting the fuel content of electricity
inputs.

In this study, we report on energy use using three
methods of accounting:

e Delivered energy (slutliga anvindning, kopt energi, brut-
toenergi, 0sv), the energy delivered to a building, factory,
or fuel tank and converted ultimately to heat, light,
motion, and other energy services. No accounting of
losses in transformation is made.

¢ Useful energy (nettoenergi), defined as delivered energy
minus the losses in combustion in boilers. This
definition is used to estimate the heat provided in space-
and water-heating and cooking applications. In this
report, we assume that the efficiency of conversion of
gases and liquids is 66%, solids 55%, and electricity and
district heat 100%. This eliminates most of the apparent
conservation that occurs solely because of fuel substitu-
tion. Carlsson, of PREDECO, (1992) presents a more
detailed analysis with somewhat different coefficients
that vary over time. Useful energy is employed when
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significant substitution of energy sources with few local
transformation losses, ie., electricity or district heat, are
substituted for fossil fuels.

e Primary energy (primdrenergi) represents the delivered
energy consumed pius the losses in transformation and
distribution of district heating and electric power, but
not other losses from the energy sector (which tend to be
much smaller). The primary energy figures referred to in the
sectoral analysis in each chapter count nuclear and
hydroelectric power at their "thermal” equivalents in common
with OECD practice, as discussed in the yearly energy bal-
ances published by Statistiska Centralbyrdn (SCB) (Statistics
Sweden).

There are many conventions we adopt that permit
a more ready comparison of Sweden with other coun-
tries. Some of these conventions are at considerable
variance with Swedish ones. These are explained at the
outset of each section.

In Figure I-1, primary electricity denotes the pri-
mary equivalent of hydroelectric power and nuclear
power. These by definition have losses associated with
production. Other "losses" arise in oil refining, city gas
production, production of electric power using conven-
tional thermal power or combined heat and power,
transmission of electricity, gas, and heat, and other small
losses in the energy sector. The largest of these are
shown in Figure I-2 which gives some perspective on the
relationship between primary energy consumed in
Sweden, losses in conversion, and fuels delivered to
various final demand sectors. Figure I-3 shows the SCB
accounting of energy sources available to final demand,
as well as the total losses by their accounting.

Once energy is converted to its delivered form, it
is "consumed” in the main sectors of final demand:
residential (bostader, hushdll); services (tjinster, often
referred to as lokalsektorn because virtually all energy in
this sector is consumed in buildings); industrial, which
is made up of manufacturing (tillverkning) and other
industry (mining, agriculture, forestry, fisheries, con-
struction; gruveor, jordbruk, skogsbruk, fiske, bygguverk-
samhet), travel (persontransporter); and freight (frakt,
godstransporter). In "Other Industry”, agriculture
represents the largest share, accounting for somewhat
less than half of the total. As can be seen, however, the
overall role of any of these parts of "Other industry" in
total energy use is small. Figure J-4 shows the shares of
delivered energy consumed by each of the major sectors
we study. Energy consumption data for other industry
are uncertain, because all but mining are lost in the com-
bined sector "Households, services, etc.” (hushdll, service,
m. fl.) before 1983. SCB provide estimates of oil and elec-
tricity use for most of these missing sectors for the years
1970-1983, but the sector is still incomplete for those
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years. Figure I-5 shows the shares of fuels meeting the
final demands studied in this work. Here the losses are
counted as an aggregate. Additionally, there is a resi-
dual calculated as the difference between the final
demand sectors we have constructed sector by sector,
and the final demand as listed by SCB in the official
energy balances.

1.2.2. The Main Data Sources

While a full accounting of our data sources and
derivations will be provided in a set of appendices, we
will describe key data sources in the section summariz-
ing each sector. Wherever practical we rely on data
from SCB. The sources are both publications and, where
noted, special tabulations of data provided by SCB in
Stockholm or in Orebro (Sahlberg 1992). Key secondary
sources of data include NUTEK, the former
Transportridet (many of whose functions are being
assumed by Vig- och Trafik- Institut). Key data for the
residential and service sectors were provided by Carls-
son, of PREDECO, Vattenfall, and by a multitude of
sources used and described in previous LBL studies of
Sweden (Schipper 1984a; Schipper 1984b; Schipper,
Meyers, and Kelly 1985; Schipper, Meyers, and Ketoff
1986; Schipper and Hawk 1991; Schipper and Tyler
1989).

Our sources for international data are many. Our
recent analysis of energy use in Denmark (Schipper,
Howarth, Andersson, and Price 1992) details a number
of these. Schipper, Howarth, and Geller (1990) applied
the present methods to the US. situation, while
Schipper, Howarth, and Carlesarle (1991) analyzed
developments in Norway. Additionally, the reader
should consult Howarth and Schipper (1992) for our
comparison of energy use in manufacturing; Schipper,
Meyers, et al. (1992), Schipper, Steiner, Duerr, An, and
Strgm (1992), Schipper, Steiner, Figueroa, and Dolan
(1993), and Schipper, Figueroa, Price, and Espey, (1993)
for our analyses of transportation energy use; Schipper,
Meyers, and Ketoff (1986) for our analysis of the service
sector; and Schipper (1984a), Schipper, Ketoff, and
Kahane (1985), and Ketoff and Schipper (1990) for
further background on the residential sector.

1.3. The Structural Approach: Methodology

The development of Swedish energy use between
1970 and the present is characterized by two fundamen-
tal breaks in trends clear from the aggregate view of
energy consumption presented above. The first break
was the sharp drop in oil use caused as much by
improved efficiency as by substitution by other
delivered energy carriers, notably biomass and electri-
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-
ing, namely in buildings and travel, or an acceleration of
the decline in intensities in manufacturing. To under-
stand the causes of these important changes requires
disentangling the underlying components of the struc-
ture of energy use.

Trends in aggregate energy use and economic
activity are often used as indicators to gauge improve-
ments in the efficiency of energy utilization over time,
explain major shifts in the mix of fuels, or to anticipate
future developments. While broad-based measures are
indispensable because they convey facts in simple and
hence digestible terms, they often hide information that
is crucial in understanding the nature of energy use.
Energy, after all, is not used in the abstract to produce
abstract units of GDP. Instead, it is used to carry out
numerous specific activities such as maintaining com-
fortable indoor temperatures; providing mobility in
automobiles and other vehicles; and producing chemi-
cals, steel, and other raw materials.

Previous research has shown that the structure of
energy use—its disposition among different activities—
changes substantially over time in response to demo-
graphic trends and changes in lifestyles and technolo-
gies (Schipper, Bartlett, Hawk, and Vine 1989; Schipper,
Howarth, and Geller 1990; Schipper, Howarth, Anders-
son, and Price 1992; Schipper, Meyers, et al. 1992). To
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,
and freight.

As Figure I-4 shows, the residential and manufac-
turing sectors are the most important end-use sectors in
Sweden, accounting respectively for 28% and 42% of
delivered energy use in 1973. The share in the residen-
tial sector fell to 25% by 1990, and the manufacturing
share fell as well, to 38%. The shares of service, travel,
and freight gained. Agriculture, construction, and min-
ing, which are small, are aggregated into "Other Indus-
try”. For each of these end-use sectors, it is possible to
define an indicator of aggregate sectoral activity that
represents in broad terms the factors that drive energy use, as
noted above. In travel, for example, aggregate activity is
defined as personal mobility measured in passenger-km.
Within particular end-use sectors, it is possible to obtain more
detailed information regarding structural change, or the dispo-
sition of energy use between specific activities. In the residen-
tial sector, it is interesting to consider developments in space
heating, water heating, cooking, lighting, and appliance energy
use. In manufacturing onc may divide energy use among dif-
ferent subsectors that produce fundamentally different kinds of
products. To each specific activity corresponds a measure of
energy intensity, or energy use per unit of specific activity.
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According to this formulation, changes in the level
of energy use in a given sector may be attributed to three
factors: growth in aggregate activity; structural change
(changes in the ratio of specific activities to aggregate
activity); and changes in energy intensities. In formal
terms, let A; represent the aggregate activity level in
sector i in year t, S;i¢ (j = 1.2,...n) be the level of specific
activity j per unit of aggregate activity, and I; be the
energy intensity of specific activity j. Then the energy
use of sector 1 is:

n
Ei = Aig 3. Sije lije -
j=1
While this formula is simply an accounting identity, it
provides the basis for constructing meaningful indica-
tors of the determinants of energy use in a given end-use
sector.

To measure the relative change in energy use that
would have occurred over time if sectoral structure and
energy intensities had remained fixed at base year (f =0)
values while aggregate activity had followed its actual
development, we calculate the acrivity effect as:

%AE4; = (A X Sijolijo — Eio)/Eio -
j=l

Similarly, the hypothetical change in energy use given con-
stant aggregate activity and energy intensities but varying sec-
toral structure (the structure effect) is:

n
%AEs; = (AioYSijt lijo ~ Eio)/Eio
j=t
and the proportional change in energy use given constant
activity and structure but varying energy intensities (the inten-
sity effect) is:

n
%AEj; = (Aiozlsiidiﬂ —Eio)/Eio-

s
The specific numbers attached to each effect depend on the
definitional framework used in the analysis, determined by the
analyst based on theoretical considerations, data availability,
and professional judgement; the specific definitions we use in
cach sector are summarized in Table 1-1 and discussed in the
main body of the paper. This approach gives us a means of
understanding the complex realities that lic behind energy-use
trends. In particular, the methodology shows the importance
of considering not only the efficiency but also the structure of
energy use. To understand energy use one must focus there-
fore not only on the technical characteristics of energy-using
equipment but also on the level of energy-using activities and
the human context in which energy use occurs. The indices
defined above are known as Laspeyres indices (Howarth ef al.
1991).

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
sector, much like GDP measures changes in economic
activity. Using changes in energy services weighted by
energy use in each sector in a base year, we can estimate
how much changes in energy services alone affected
overall energy use. This result can be compared to
changes in energy use that would have occurred had
only GDP changed; conversely, changes in the ratio of
energy services to GDP affect the energy/GDP ratio
independently from the effects of evolving energy inten-
sities.

Decomposition of changes in energy use using the
Laspeyres indices yields indices or growth rates of
change in energy use arising from changes in each of the
named factors. These indices may be multiplied to give
the total change in energy use, to first order, between the
base year and the final year caused by simultaneous
application of all three factors. Because these changes
are multiplicative when applied to energy use in the
base year, the total change in energy use is not equal to
the sum of the changes caused by each factor, but rather
the product of each of the indices times the base year
energy use. One can, however, compare the change in
energy use, relative to the base year, arising from the
effects of one factor alone changing, with those that arise
if two factors act or if all three acted. These results can be
compared to the actual development in energy use as
well.

We define conservation as the difference between
actual energy use and the amount of energy that would
have been used in a given year if energy intensities in
each sector were frozen at a base year level, but the
activity and structure of each sector had evolved as they
actually did. We measure this as:

%E savings in sector = Ay Y. (Lijo = lix }/Eu -
j=l

1.4. The Energy Sector

The energy sector includes those industries associ-
ated with the production of district heating, electric
power, finished petroleum products, town gas and other
energy-related activities. The structure of energy con-
sumption in the energy sector has changed substantially
since 1970. The two oil shocks of t"1e 1970s coupled with
the introduction of nuclear power in Sweden irreversi-
bly changed the nature of the energy sector. The shares
of oil, hydroelectric, and nuciear in the production of
heat and power, changed dramatically, for example, as
nuclear absorbed most of the growth in electricity pro-
duction while oil disappeared. In terms of delivered
electricity, the share of oil decreased from 17% in 1973 to
1% in 1990, while hydropower decreased from 79% in
1973 to 51% in 1990. Nuclear power has made up the
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difference resulting from these changes, increasing in
share from 3% in 1973 to 47% in 1990. We can also think
of these changes in terms of primary fuel inputs to elec-
tricity production by adopting the convention used in
the SCB energy balances which counts hydropower at
85% and nuclear power at 34%. We count other fuels
such as oil and gas at 40%, which is approximately the
average conversion factor for thermal power plants. By
this accounting, as shown in Figure ES-1, the share of
primary energy use to produce electricity by oil dropped
from 30% in 1973 to almost zero in 1990, hydropower
dropped from 63% in 1973 to 29% in 1990, while nuclear
power increased from 6% in 1973 to 68% in 1990.

The reduction in the share of oil at district heating
plants was even more dramatic (Figure ES-2). In 1973,
oil provided nearly all of the fuel input at district heat-
ing plants, roughly 96%. By 1990, this share decreased
to 11%, although this is partially due to the warm
winters of 1989-90. The share of solid fuels such as coal
and biomass increased substantially, from 6% in 1973 to
39% in 1990. Gas has also gained a small but not
insignificant share at district heating plants. Finally,
there is a significant input of electricity. At the same
time, waste heat from industrial activities has been used
in district heating systems more frequently and reduced
the need for primary energy inputs. The contributions
from electric boilers, heat-pumps, and waste heat from
industry, in combination with more efficient fuel bu.n-
ing (heat recovery from stack-gas condensing) are
important reasons why there has been considerable
improvement in the thermal efficiency of the district
heating system, from 79% in 1973 to 91% in 1990. Since
much of the equipment has turned over since the time of
the first oil shock, the trends in fuel choices for the pro-
duction of district heating are likely to continue even as
oil prices remain low, although the use of interruptible
electricity in place of oil is extremely sensitive to relative
prices.

Other energy sector consumption includes energy
used in refineries, gasworks and non-energy consump-
tion of oil for feedstocks and asphalts. We included
these activities along with district heating and power
production in a summary of the disposition of gross
energy use shown in Figure I-3. The only significant
change beyond those mentioned above has been more
efficient conversion of crude oil to products. Refinery
consumption of oil was 61% greater in 1990 than in 1973
while oil losses increased by only 17% over this period.
Other energy sector consumption is rather small by com-
parison.

We will not analyze the energy sector in greater
detail in this report because we are focused on end-use
consumption. However, it is clear that important
changes in the composition of primary energy use had



NUTEK/Lawrence Berkeley Lab

many impacts on end-use consumption. These impacts
included a significant reduction in the role of oil in the
Swedish economy, an increase in the importance of
biomass and of course, the substitution of nuclear power
for oil in both the electric power system and through
end-use substitution from oil heating to electricity.

1.5. Further Analysis of Swedish Energy Use

The following sections present an analysis of
energy use in each sector in Sweden. Our results are
then integrated and we provide conclusions based on
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the Swedish observations. After these first conclusions,
we compare the evolution of energy use in Sweden with
that in other OECD countries. New conclusions, partic-
ularly those that may be at odds with those found in
considering Sweden alone, are highlighted. In the final
chapter, we discuss the implications of our findings for
future developments of energy use in Sweden. The
appendices detail sources for the sector analyses as well
as describe important data needs for future cnergy
analysis and policy development in Sweden.
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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, clectricity per appliance, energy
per capita for cooking and hot water adjusted for home occupancy, lighting
cnergy use per unit of floor area

Structure Household floor area per capita, persons per houschold, 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 Energy use/value added

Structure Not applicable (activity not disaggregated)

SERVICES

Activity Service sector value added

Intensity Energy use/value added

Structure Share of value added in sub-sectors

PASSENGER TRANSPORT

Activity Passenger-km/year

Intensity Modal energy use/passenger-km

Structure Modal mix

FREIGHT TRANSPORT

Activity Tonne-km/year

Intensity Modal energy use/tonne-km

Structure Modal mix
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2. THE RESIDENTIAL SECTOR

Residential energy use is important in Sweden.
The climate is cold, with over 4000 heating degree days
(base 18°C) and the homes are large and well-furnished.
In 1970, Swedish homes had.a central heating penetra-
tion of over 90% and the occupants enjoyed at least 35
square maters of heated space per person. Also, few of
the individual apartments in multi-family dwellings,
which made up over 50% of the sector in 1970, are
directly metered for heat. As a result, Sweden had high
per capita energy use for households in the 1970-1973
period.

By 1990 central heating reached virtually every
home, heated area per capita had increased to around 50
square meters, and the number of single-family dwel-
lings reached nearly 49% of the stock. In addition,
stocks of household appliances expanded significantly.
These changes, by themselves, would seem to indicate
increases in household energy use in Sweden. Yet
delivered energy use in this sector was lower in 1990
than it was in 1973 and useful energy use virtually the
same; only primary energy use increased, largely as a
result of increased use of electricity. This section
explains these many apparently contradictory trends.

Our analysis is based on conventions that differ
from those in Sweden, which are explained below:

o Single-family dwellings (SFDs) include smakhus (en- och
todfamiljshus, radhus, kedjehus) and farmhouses jord-
bruksfastigheter. Multi-family dwellings (MFDs) include
all homes in apartment buildings (flerfamiljshus) or in
buildings otherwise predominantly occupied by
businesses (lokaler).

e Primary, useful, and delivered energy are counted
according to our conventions outlined in the introduc-
tion to this report.

® Degree days are counted as the difference between
18°C and the average outdoor temperature during the
period January-June and October-December. This is
derived from monthly figures from the Overstyrelsen for
Ekonomiskt Forsvar (OEF 1970-1985) and VVS Tekniska
Forening, as well as yearly figures published by SCB in
Energistatistik for smhus (SCB 1978-1991a). To convert
from 17°C, the standard base used in Sweden, to 18°C,
we add 250 degree-days, or 1 degree x 250 days (the
average length of the season). An index of
actual/normal is derived from this procedure. We
divide the estimate use of each fuel for space heating
only by this index to correct to "normal year".

e Central Heating (CH) means full house heating from
hot air or circulating hot water heated by any fuel or
electricity (or by hot water from a central grid), as well
as heating from fixed electric radiators in virtually every

room. The few homes in Sweden with no central heat-
ing have wood, coke, gas, or kerosene stoves, usually in
combination with a few fixed or portable electric heaters.

¢ The counting of heating systems by “principal fuel”
proceeds by first assigning all homes using only one fuel
to that fuel. For those SFDs using oil plus another fuel,
we assign them to oil. For thosn SFDs using electricity
and wood, we assign 80% of them to electricity and 20%
to wood, based on the distribution of wood and electri-
city use given in Energistatistik for Smhus. We assign
those homes using three fuels to oil. District heating and
gas are assigned to those fuels. Where electric heat
pumps are indicated as a second source (for MFDs), we
assign these to oil as the main source.

e Water heating is counted separately from space heating
by estimates of system ownership and unit consump-
tion. Water and space heating assignments are the from
the early 1970s until the mid-1980s, when we begin to
assign electric water heating to some SFDs using oil for
space heating. The numbers are estimated knowing the
number of homes using both fuels and the number of
"loose” electric water heaters in homes not using electri-
city for space heating.

o Electric cooking and lighting are separated from
“hushéllsel”.

 Fuel use for cooking is counted as such.

e Secondary electric heat (dold elvdrme) is counted as
such, consistent with Swedish practices, using informa-
tion from Vattenfall and Energistatistik for sm&hus.

e "Useful” energy (nettoenergi) is counted as if oil and gas
were coverted with 66% efficiency and solids with 55%
efficiency, while electricity and district heat are 100%
efficient. The purpose of this assumption is attempt to
equalize the different space and water heating fuels
when they are aggregated. Carlsson, of PREDECO
(1992) presents reasonable estimates that differ from
these and vary over time. Carlsson’s assumptions mean
that the changes in "useful energy” as they measure
them are less than ours, because the loss of energy in
combustion improves by their measure. Experience in
our previous study of Denmark suggest this effect is
small, about 10%.

2.1. Structure of the Residential Sector

2.1.1. Housing, Space and Water Heating

When the 1970s began there were slightly more
than 3.2 million occupied homes in Sweden, and almost
59% of these were apartments, a result of the million pro-
gram of the 1960s. By the mid-1970s the building rate for
apartments began to fall, while that for detached hous-



NUTEK/Lawrence Berkeley Lab

ing remained strong. As a result, the share of apartments
fell to 51% of the dwelling stock by 1989. Put another
way, SFDs comprised only 41% of the stock and housed
a bare majority of the population in 1970 and had about
55% the total floor area; bv 1990 more than 60% of all
Swedes lived in dctached housing, whose share of total
floor area had skyrocketed to 63%. This shift accounted
for most of the increase in heated area available to
Swedes.

Figure R-1 shows the distribution of main heating
fuels used in all homes in Sweden. In 1970, oil heated
70% of all homes in Sweden. Electricity, wood, and even
coal and district heating accounted for the remaining
homes. Before the first oil shock, the ol share was
already falling slowly, prodded by district heating for
new apartments and electric heating for new detached
homes. The first oil shock accelerated the decline
markedly, and the share of oil heated homes fell to 55%
in 1979, then crashed to 31% by 1986, settling at a
slightly lower level thereafter. Over the same period, the
share of district heating trebled while that for electric
heating increased nearly seven fold.

Accompanying these shifts in heating fuels was
the achievement cf virtual saturation of central heating
(including fixed electric radiators), running hot water,
and electric or gas cooking. Differences in the standards
of SFDs and MFDs were great in the early 1970s: MFDs
had a higher penetration of central heating and running
hot water than SFDs, while SFDs housed more heated
area per person than MFDs. By 1990 these differences
had narrowed. The rise in the importance of SFDs
meant that increasing numbers of Swedes paid directly
for their heat according to actual consumption, an
important stimulus to energy efficiency.

Several other changes occurred in the heating sys-
tem that affected energy use. According to early SIFO
surveys (Schipper 1984b), only a small share of SFDs
used more than one fuel for heating in 1970; by the late
1990s, a majority of the SFDs used combinations of oil,
wood, and electricity. This switch indicated greater
interest among occupants in reducing their heating costs
by playing off one source against another. Particularly
impressive in this mix is the presence of wood, used in
roughly 1/3 of the single-family dwelling stock. Wood
made an important comeback as a key complement for
both oil and electricity in SFDs, as well as the principal
heat source in over 100 000 SFDs by the 1980s. This
wood is almost always self-gathered, and represents
(since 1976) a form of untaxed income.

A second important shift is that from direct elec-
tric heating to hydronic heating, stimulated by the ELAK
rules of the mid-1980s (Schipper, Meyers, and Kelly 1985
[SMK 1985)). This shift protected those using electric
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heat from possible shortages or price increases, since
they could switch their electric boilers to other fuels or
even connect to a district heating system.

The majority of occupants of MFDs still get their
heat from water-borne systems, now fueled principally
by district heat in place of oil. Few efforts to advance
direct metering of individual apartments succeeded.
Not surprisingly, the intensity of MFDs space heating
(per square meter or per capita) is virtually the same, for
a given fuel and building vintage, as for SFDs. That is,
few occupants in MFDs have an incentive to control
their heating actively with their thermostats and valves.
Apartments are warm. As a side effect, secondary hea!
is only used by those in apartments whose indoor tem-
peratures cannot easily be maintained at the usual 21°C
during cold periods. Natural gas moved in slowly in the
late 1990s to MFDs, but appears stalled because nearly
all of the MFDs in dense areas are served by district
heat. Thus, while enormous changes took place to heat-
ing in SFDs that were directly evident to occupants, little
happened to the indoor heating environment for those
Swedes still in MFDs.

Water heating in Sweden usually followed the
energy source of central space heating, prepared in the
same system. When oil prices increased and multi-fuel
boilers became more popular, however, increasing
numbers of those in SFDs turned to electricity for water
heating in the summer or indeed year-round. We esti-
mate that this began in 1980, leveling at about 100 000
SEDs by the late 1980s. About 3% of the apartment stock
appears to rely on electric heat-pumps for water heating,
but most of the rest use the same fuel as for space heat-
ing. Individual boilers are only common for those in
MFDs (and SFDs) with electric resistance heating.

Cooking was based primarily on electricity in 1970
(85% of homes had an electric oven and cooker), with
11% used gas and the rest used wood or small electric
rings. Wood all but disappeared in the 1970s, and the
role of gas fell to approximately 3% of all homes; furth-
ermore, city gas yielded to natural gas in many of these
homes. As with space and water heating, the result of
this fuel substitution was to reduce delivered energy for
water heating more than was accounted for by energy
conservation.

2.1.2. Electric Appliances

Figure R-2 shows the developments in appliance
ownership during the period 1970-1990.! In 1970, Swed-
ish homes had many electric appliances, including refri-

! The jump in ownership of clothes washers is a result of in-
cluding access to collective washers in “twiltstugor” in some sur-
veys.
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gerators, freezers, televisions, and washing machines,
boosted by the rapid entry of dishwashers, clothes
dryers, ca: heaters, saunas, and other important equip-
ment. Apartments often had collective rooms
(tvdttstugor) used for washing, something unusual in
much of the rest of Europe.

2.2. Fuel Mix and Energy Intensities

Figure R-3 shows the development of energy use
by source in the residential sector. Included are the
losses in producing electricity and district heating, as we
count them in our study. The increase in these losses
reflects the enormous increase in electricity use, mostly
for space and water heating rather than for purposes
that can only be met by electricity, such as lights, motors
and electronics. In this sense, fuel substitution lead to a
decline in delivered energy use.

The substitut'on of district heating for oil lead to
very little change in primary energy use for heating and
hot water. The substitution of electricity, however, has a
profound effect depending on which accounting conven-
tion is used. If we adopt the old way of accounting in
Sweden (nuclear power and hydro power counted at the
rate of electricity produced), substitution of electricity
for oil heating reduces primary energy use; if we count
nuclear power at equivalent of the thermal energy
expended (nuclear fuel consumed) in power stations
and hydro power counted at 85% production efficiency,
primary energy consumed for heating remains about the
same. [f we adopt this convention for nuclear power and
count hydro as if it were also provided by thermal
powerplants, the most common OECD convention,
energy use for heating in Sweden increases substan-
tially. Figure R-3 follows the latter convention, which is
why primary energy use for households in Sweden is
considerably higher in 1990 than it was in 1973.

If we examine delivered fuels, we see how oil
dominated delivered residential energy use in 1970,
accounting for a full 71% of delivered energy use (after
climate correction). By 1990, the oil share had plum-
meted to only 25%. By contrast, electricity’s share rose
from 12% to 39% and that of district heating from 7% to
20%. These shifts alone accounted for a marked decline
in delivered energy, since the losses in using electricity
or hot water for heating are minimal compared to those
involved in burning oil. Wood, which was disappearing
in the late 1960s, made an important comeback as a key
complement for both oil and electricity in SFDs, as well
as in over 100 000 SFDs by the 1980s as the principal
heat source. City gas yielded to natural gas, but
remained unimportant overall. Coal and coke had
already been drive from the market by oil in the late
1960s.

Energy Use in Sweden/Schipper-1ES

Fuel prices showed mixed developments. Oil
prices shot up in 1973 and again in 1979, and remained
high in the 1980s as taxes were added. District heating
generally followed oil with a lag. Electricity prices
moved up only moderately; during the 1980-1984 period
electricity was virtually cheaper than oil as a source of
heat (if o1l was converted at 70% efficiency), certainly
one factor causing the landslide of oil use in favor of
electricity. As Carlsson (1992) of PREDECO shows, the
rea] cost of heating a square meter in Sweden in 1990
was higher than in 1970, mainly because of the higher
cost of oil and district heating.

2.2.1. Space and Water Heating Intensities

Measuring individual intensities back to 1970 for
space and water heating is difficult. From Energistatistik
for Smidhus and other sources (Schipper 1984b), we
assembled estimates of the specific consumption of oil,
district heat, and electricity for space heating, as shown
in Figure R-4. Figure R-5 shows the assumed consump-
tion for water heating that was removed from thc com-
bined total of water and space heating.

The contrasts are dramatic. In spite of uncertain-
ties, it is clear that oil heating intensities fell the most.
Even correcting for the use of second and third fuels, the
“only oil" SFDs reduced their heating intensities by 30%
between 1973 and 1986. We believe this is reflected both
in hot water use and space heating use. Part of this
decline occurred because so many older homes coverted
from oil heat, leaving newer, better insulated homes to
use this heat. Similar trends occurred in oil-heated
MFDs. The drop in the intensity of district heated MFDs
was less dramatic, both because there were no gains
made in improving boilers on site and because so many
older oil-heated MFDs were converted to district heat-
ing.2

The same problem affects the interpretation of
electric heating intensities in SFDs. On the one hand,
there are ample data showing that more recently built
SFDs use less electricity per square meter than older
ones (SMK 1985; Energistatistik for Smihus various years),
Yet the aggregate picture does not show a clear decline
in electricity use per square meter for main space heat-
ing. Some of the uncertainty rests with the assumptions
that have to be made about total electricity used for
space heating, but there are ample data from the early
1970s and late 1960s characterizing the housing stock of
that period (SMK 1985; Schipper 1984b). We have no
doubt that electric heating intensity fell in SFDs, but

2 It is well known from Energistatistik that heating intensity in
older dwellings is higher than in newer ones. Some of this differ-
ence has been reduced through retrofits since 1973
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hesitate to attach too much significance to that decline
because of the influence of these uncertainties and the
use of secondary fuels, as well as the use of electricity
for cther purposes. Our best estimate is that the electri-
city intensity of heating in homes built before 1972
declined by 15% and that in newer homes it was a full
30% below the 1973 values. These "gains”, however,
were offset by an increase in the number of leakier
homes built before 1970 or even 1960 that converted tu
full or partial electric heating. As a result, average electri-
city use per square meter of homes heated entirely by
electricity does not appear to have declined significantly.

2.2.2. Electric Appliances

There are few good measurements of actual con-
sumption of electricity for individual appliances. Using
models built by Vattenfall (Malinen 1989) and estimates
from various CDL and Kraftsam forecasts (see Schipper
1984b; Tyler and Schipper 1990), we assembled the best
estimates of actual unit consumption for household
appliances in 1973, 1978, 1982, and 1987 (Figure R-6).
These estimates indicate a significant potential savings
in the actual stock of appliances. We caution that by
1987 *he six major appliances only account for about 50%
of the electricity not allocated to heating, lighting, cook-
ing, or water heating. Clearly there are important uncer-
tainties about present use that may be resolved by
experiments underway.

In spite of these uncertainties, we believe real
improvements occurred. Data from Electrolux (Schipper
1984b; Tyler and Schipper 1990) indicate important
reductions in energy use in new appliances. Since the
number of combination refrigerator-freezers, dishwash-
ers, and clothes dryers more than doubled in the period
we have studied, the UECs for these three appliances
could easily have fallen by more than a third, as is sug-
gested. For freezers and washing machines, the turn-
over has probably been slow. But electricity savings in
washing machines also reflects changes in washing prac-
tices that have occurred in many countries, particularly
colder water temperatures and lower water use in gen-
eral (Tyler and Schipper 1990; Schipper and Hawk 1991).

23. Evolution of Energy Efficiency and Energy Sav-
ings

Since energy intensities are the key indicator of
energy savings, it is important to assemble the informa-
tion available to see what happened in Sweden. Many
of the uncertainties in the evolution of the intensity of
any given fuel cancel when these are aggregated using
useful energy. Figure R-7 shows the evolution of
delivered energy and primary energy per capita (from
Figure R-3) as well as useful energy per capita. The
decline in delivered energy intensity is not matched by a
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decline in useful energy intensity, while primary energy
intensity increases. These divergences suggest that
while efficiency may have improved, it is both masked
by the impact of structural changes and fuel substitu-
tion, and to a certain extent mimiced by fuel substitution
as well.

To examine this problem further we show the
main components of energy intensity stacked in Figure
R-8. We see that useful energy per capita for most pur-
poses shows no dramatic savings. This is because the
amounts of energy service (heating and area heated or
numbers of appliances) have increased over the period
we have studied.

To see beyond this, we tabulated useful energy
per square meter for space heating. This indicator
showed a dramatic decline of over 33%, in spite of a
slight increase in penetration of central heating. Also,
the energy intensities of individual electric appliances
declined. Water heating energy intensity declined too,
even beyond the decline we might expect from the
shrinking size of households. Clearly, Swedish house-
holds saved energy.

To better understand these changes, we measured
the evolution of energy intensiticc holding other effects
constant which indicates whether energy conservation
has occurred.

e For space heating, we hold floor area and central heat-
ing penetration constant. Experience shows that homes
with central heating use about twice as much fuel as
those without. Therefore, we construct an index (1 +
CH)/2 that takes the value of 0.5 if no home has central
heating and 1 when all have central heating. We divide
useful space heating by this index in any two years to
compare changes between the two years. If space heat-
ing intensity (i.e., per square meter) fails to keep up with
the increase in this index, conservation is indicated.

e We normalize useful energy for water heating and
cooking by the square root of the number of people in a
household, because of the observation that energy use
for these two functions scales with the square root of the
number of people in a homes. The size of households in
Sweden fell by nearly 12% between 1973 and 1990, an
effect which by itself reduced energy needs for water
heating and cooking. Thus any decline in useful energy
per capita for water heating or cooking beyond that sug-
gested by shrinking household size is measured as con-
servation.

¢ We measure changes in lighting energy use by divid-
ing by house area.

® We measure changes in electricity use for the six major
appliances by forming an index of use in any year, and
multiplying actual appliance electricity intensities by the
base-year ownership data of electric appliances.
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From these calculations we form indices of energy
intensities. These indices, when multiplied by 1973 base
year energy use for each purpose, yield changes caused
by changes in intensity. The converse procedure, hold-
ing 1973 intensities constant and varying only the struc-
tural paruaeters (home size and central heating in each
year, the square root of household size, appliance own-
ership for each year weighted by the 1973 intensities of
each appliance) yields estimates of changes in per capita
household energy use arising because only the structure
of energy use changed.

The results of these two calculations are shown in
Figures R-9 for delivered energy and in Figure R-10 for
primary energy. The same calculation carried out for
the major electric appliances alone are given in Figure
R-11. All three figures indicate a clear drop in intensity.
The difference between the primary and secondary
intensities arises primarily because of substitution
towards electricity. Since electricity is weighted 3 times
more in "primary” than in "delivered” energy, about half
of the apparent drop in intensity measured as dclivered
energy arose from fuel substitution. If we hold every-
thing but the shares of fuels used for space and water
heating constant, we see roughly the same results.

Note in Figures R-9 through R-11 that the struc-
ture effect is important. That is, increased home area
and appliance ownership per capita, and falling house-
hold size all contributed to driving up household energy
use by some 33%.

2.4. Causes for Changes

What caused changes in energy use in Swedish
households? Higher incomes and falling household size
contributed to increased per capita area and equipment
ownership, the main causes of structural change. As
Carlsson points out, however, stagnation in incomes or
related measures in the mid-1970s and again in the
mid-1980s also depressed household energy use in ways
that were easily reversed when hard times passed.
Higher oil prices (Figure R-12) encouraged a great deal
of conservation of oil and fuel switching as well.
Indeed, the price of heat from electricity was lower than
that from oil in the early 1980s, as comparison of the two
prices suggests.> Subsidies for conversion to electricity
played a role as well. Not surprisingly, the rush away
from oil slowed considerably after the price of heating
oil fell in 1986.

3 In the figure the price of oil is about 80% of the price of elec-
tricity. Unless an oil system is more than 80% efficient, the cost of
the heat delivered to a room from resistance heat in each room is
less than that from the oil furnace.
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What about energy conservation programs? In
earlier work (SMK 1985; Schipper 1984b) we noted that
energy saving occurred in homes where public funds
were used for retrofit measures, but that similar savings
occurred in homes not taking public funds. Looking
back on the years of energy efficiency programs, it is
hard not to credit these programs with provoking
important conservation investments in MFDs, where
individual incentives to save through either changed
behavior or investment have always been small. Butitis
also difficult to quantify how much investment in meas-
ures by occupants of SFDs, and subsequent energy sav-
ings, occurred solely because grants and loans were
available (Wilson et al., 1989). The precipitous fall in oil
heating intensities when prices shot up is difficult to
trace to programs that took several years to be
developed. On the other hand, the combination of
higher oil heating prices and efficiency programs prob-
ably reinforced the results of each stimulus itself.

The fact that oil intensities fell so greatly, while
electricity intensities fell so much less is consistent w-ith
the radically different behavior in the real prices of these
two heating sources in Sweden. By contrast, in countries
where prices for both increased (Denmark, France, and
the U.S.), electricity intensities fell along with those for
oil. Energy efficiency subsidies for existing homes were
present in some form or another in all three of these
countries as well as in Sweden. This suggests that prices
changes have been an important stimulus to changes in
space heating.

The entry of new homes into the stock reduced
average energy intensity for heating in Swedish homes.
This was primarily an effect of the rapid expansion of
the SFDs stock, which had significantly lower heating
intensity than did older SFDs. This lowered intensity
was supported by the financing system, which assured
that any reasonable effort to exceed the regulations in
the building requirements was financed (SMK 1985). To
be sure, the building codes were strengthened in 1977
and again in the early 1980s. The changes in 1977 (SBN
1975) were clearly weaker than what was already occur-
ring in practice (SMK 1985). Those proposed for 1985
(ELAK 1980) were widely debated. Our earlier study
(SMK 1985) suggested that ELAK requirements, which
affected homes heated with electric resistance heat, were
somewhat beyond common practices then, and probably
did provoke changes in the average practices for these
homes.

What provoked the improvements in electric
appliances? The most important factor named by
manufacturers was the pressure from international
markets, particularly Germany (Schipper and Hawk
1991), where both programs and higher prices
heightened manufacturer and consumer interest in more
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efficient appliances. Swedish authorities called for
improvements, but no mandatory standards were put in
place. Increased testing and information in Sweden
helped consumers make better informed choices, but
conversations with manufactures throughout Scandina-
via always raise doubts about the overall importance of
this information. Certainly no consumers ignore the
energy-use characteristics of new appliances, and no
consumers are wholly insensitive to the role of electricity
prices and total consumption. But it is also hard to
credit most of the change in new-appliance characteris-
tics to changes in consumer buying habits. Since electri-
city prices did not change very much, we believe that
international pressures on Sweden’s multinational appli-
ance suppliers, bolstered somewhat by more informa-
tion and heightened consumer interest, “caused”
manufacturers to improve their product and consumers
to buy these products.

Were the reductions in energy intensities achieved
by 1990 permanent? Certainly the two periods of
extremely higher prices and depressed ircomes (1975
and 1979-82) led to small temporary drops in energy use
for almost all purposes. But there was no precipitous
drop in space heating intensities as observed in many
other countries. This happened for two reasons. First,
Swedish homes were well insulated in the physical
sense, and therefore in the economic sense, when heat-
ing prices shot up. Second, the large number of apart-
ments without metering meant that there were few
direct incentives for occupants to change their behavior.
As a result, the real changes in heating intensity
occurred slowly, mostly through technology. Indoor
temperatures in the early 1980s lay over 20°C (Schipper
1984b), hardly an indication of ongoing sacrifice. The
other side of this development, however, is that there is
very little unsatisfied heating demand waiting to spring
back if prices fall or incomes to skyrocket. Similarly, the
changes in electricity use for appliances came about
through gradual turnover in the stock, with the new pro-
ducts always less electricity intensive than those that
were replaced. This evolution also leaves little to be
“reversed”. Consequently we judge that virtually all of
the difference between 1990 and 1973 household energy
intensities is permanent.

2.5. Prospects

There have been significant changes in the level
and structure of residential energy consumption in
Sweden over the last two decades. These changes have
led to a 28% decline in useful delivered energy intensity
since 1973 and a 35% decrease in the intensity of electri-
city consumption. At the same time, decreased house-
hold size and heated floor area have worked against this
trend to keep total energy consumption from falling
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significantly. Among the significant changes was the
large-scale shift away from oil heating in the wake of the
two oil shocks of the 1970s. Another important change
has been the improvements in building practices driven
by stricter building codes and increased energy prices,
resulting in better-insulated and more comfortable
homes. A third and more recent change has been the
improvement in the efficiency of electrical appliances
used in the household. Improvements on the supply-
side through decreased losses at district heating plants
and in electric power plants have also benefitted the
overall energy efficiency of the residential sector.

The level of amenities in homes in Sweden is
nearly saturated. Central heating is virtually universal.
Homes are near the largest of any OECD country (in
spite of the high share of apartments), while household
size is the lowest of virtually any OECD country. Per
capita house area is unlikely to grow strongly because of
expected slow down in long-term economic growth.
The Vattenfall studies (quoted in Appendix 4 of
Elanvindningsdelegation [1987]) expect only a small
impact on household electricity use of increases in appli-
ance ownership. Also, population is growing very
slowly. Thus, we expect very little change in energy use
for homes through structural or activity changes. The
only major changes in the structure of household energy
use could be a shift to natural gas.

What do these changes mean for the future trends
in the energy efficiency of the residential sector? We can
consider first the fact that the efficiency of most residen-
tial appliances will continue to improve, especially since
they are a number of incentive programs in place on the
manufacturing end. For appliances that are already
saturated, such as refrigerators, this will result in a con-
tinuing decline in total end-use consumption. However,
for appliances whose ownership profile is changing,
such as dishwashers and dryers, there is the potential for
slight increases in total end-use consumption in the next
decade. Overall, we can thus expect slight increases in
appliance energy consumption as the saturation of most
appliances begins to level off.

In space heating and water heating, however, we
see a different pattern emerging. As discussed above,
the decreases in household energy intensities can be
regarded as "permanent” in the sense that these changes
came about on the technology side rather than through
behavioral changes that may have been temporary.
However, much of the savings in final energy are the
result of fuel-switching to electricity and district heating.
Unlike direct heating with fuels such as gas or oil, there
is no possibility to improve electric heating-equipment
efficiency without changing to a new technology, such
as a heat pump. This means that much of the savings
are tapped out in existing homes that have resistance
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heating and relatively good insulation. To be sure,
Uppdrag 2000 (Hedenstrom 1992) found some potential
for improving such homes, through some additional
insulation and improving windows to those with three
panes. The main future improvements, however,
appear to lie in the thermal standards of new homes,
which will gradually raise the old ones. The widespread
use of electric resistance heating and district heating
locks out many future improvements in the individual
heating system in the same sense that these improve-
ments were locked in by their proliferation. While
Sweden has backed out of oil successfully, Sweden has
not moved to other fuels, such as natural gas, with the
result that their overall residential energy system might
be considered less diverse and more inflexible in the
face of uncertainty. Fortunately, the popularity of low
temperature hot-water as the medium for electric heat-
ing, sparked by ELAK, adds an important degree of
flexibility to electric heating, as does the spread of two-
or even three-fueled boilers. And the same can be said
for district heating, which can use fuels like woodchips
or other forms of biomass that are difficult to handle in
small boilers. And the fact that the majority of single-
family homes using oil or wood for the main heating
source also have a second or third source adds diversity.

The outlook for energy intensity and energy use is
thus varied. The current recession will likely lead to a
temporary down turn in household energy use and a
slowdown in investment in efficiency or new equipment
as well. In the longer term (i.e., towards 2000 and
beyond), intensities should continue to move down-
ward. New homes in Sweden have very low heat losses
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already, so little further improvement is expected in this
small sector, but their entry into the housing stock
pushes down average intensities. No one doubts that
there is a potential for continued, if slow, heat saving in
existing homes through home replacement, retrofit, and
renovation. What is uncertain is the pace of this decline,
both for fuels or district heat and for electricity. That is,
consumers appear satisfied with their present level of
energy costs. But electricity intensity for appliances and
lighting may fall more rapidly, prodded by Teknikup-
phandling and price increases as well.

Can efficiency programs be designed that will
truly stimulate individuals and organizations controlling
homes to undertake large investments to reduce heating
needs? The evidence from Sweden’s past is ambiguous.
The programs of the late 1970s and early 1980s led to
much activity, but some investments were barely
profitable (SMK 1985), and some could have occurred
anyway (the so-called "free rider" problem). And the
flurry of installation of heat pumps is still to be validated
as an energy saving measure, although few doubt this
measure effectively promoted electricity in place of oil.

Whether state and local authorities will continue
to have enough resources to offer generous subsidies is
unclear, and so therefore is the pace of any stimulated
retrofit or renovation program. Vattenfall's ambitious
Uppdrag 2000 demonstrated that the potential savings in
electricity use in homes and buildings are modest.
Nevertheless, this program has still not moved beyond
the (successful) experiment stage to a full scale program
of retrofits, particularly in the relatively well-insulated
homes heated with electricity.
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3. THE SERVICE SECTOR

The service sector (ISIC 6-9) encompasses a wide
range of activities associated with the provision of ser-
vices rather than the production of goods. Energy con-
sumption in the service sector represents a small but
growing proportion of total energy consumption in
Sweden. The service sector’s share of delivered energy
increased from 11.7% in 1973 to 13.2% in 1990 while its
share of primary energy increased from 12.7% in 1973 to
16.8% in 1990. The increase in the share of primary
energy is due to the rapid growth of electricity in the ser-
vice sector. The service sector's share of electricity con-
sumption in Sweden has increased from 15% in 1973 to
21% in 1990. As we shall see, part of this growth is due
to substitution of electric heating for oil heating, just as
in the residential sector. However, a larger part of this
growth is due to increased penetration and use of elec-
tric uppliances and equipment in the service sector. It is
this rapid growth in electricity consumption for such
equipment as computers, lighting, and motors, which
may represent the largest source of potential energy sav-
ings in the service sector.

In spite of what appears to be a large potential for
energy savings in the service sector, surveys and end-
use data for this sector have not reached the level of
detail available in the residential and industrial sectors.
As in many countries, energy analysts have only
recently begun to focus attention on the service sector.
A recent survey and report by Vattenfall (1990) provides
the first comprehensive look at the end-use structure of
energy consumption in the Swedish service sector. With
data for only a single year (1989) available at the end-use
level, we determined that it was not yet possible to
break down the service sector into end-uses. We do
have data from PREDECO (Carlsson 1992) with which to
break out heating and water heating (uppudrmning och
varmoatten) from other non-heating uses of electricity
(driftel). Consequently our analysis here is confined to
the level of fuel intensities and two categories of electri-
city consumption-—heating/water heating and other elec-
tricity use.

3.1. Structure of the Service Sector

The service sector includes many commercial
activities such as finance, insurance, retail businesses,
and personal services. For this reason, it is sometimes
called the "commercial” sector. However, we prefer the
term “service” because it also includes many activities
which are not commercial in nature, such as education,
social services and religious facilities. The service sector
also includes activities such as communications and
public utilities, as well as some of the financial and
administrative aspects of transportation industries.

3-1

We measure economic activity in the services sec-
tor by value-added or GDP, just as we do later in the
manufacturing sector. Figure S-1 shows service sector
GDP in constant (1980) SEK from 1970-1990 for the five
major groupings used in the National Accounts (SCB
1992a). The service sector has been responsible for most
of the growth in the Swedish economy, with its GDP
increasing by 52% from 1973-1990, while total GDP
increased by only 36% over the same period.

Since nearly all of the energy consumption in the
service sector takes place in buildings, another measure
of service sector structure is floor area or heated floor
area. FigureS-2 shows the floor area by building type in
1981 and 1990 according io data gathered by the SCB.
Each type of building carries with it a rather different
pattern of occupancy characteristics and consumption.
Offices and retail businesses have consumption patterns
based on the working day. Theaters and concert halls
have low occupancy for much of the time and high occu-
pancy for a few hours per day. Hospitals and restau-
rants are rather energy-intensive, due both to longer
hours of occupancy and to the special types of equip-
ment which tend to be used there.

Unfortunately, there is no way to draw a
correspondence between the economic measure of
activity (GDP) and the physical measure (floor area) for
the given types of buildings and their associated
economic activities. Furthermore, the lack of end-use
detail makes it difficult and inappropriate to address
distinctions among the wide variety of economic activi-
ties and their associated level of energy consumption.
Consequently, we consider changes in energy consump-
tion only at the aggregate level, using data from the
National Accounts for GDP and a time series developed
by PREDECO (Carlsson 1992) for service sector floor
area from 1970-1990. At this level, GDP and floor area
are rather closely related, as suggested by Figure S-3.
Total floor area in the service sector increased by 41%
from 1973-1990 while GDP increased by 52% as previ-
ously discussed. Consequently, we present the results

for energy intensity in terms of energy consumption per
unit of GDP.

32. Fuel Mix and Energy Intensities

Over the period from 1970 to 1990, fuel choices in
the service sector were basically limited to oil, district
heating and electricity. Wood, kerosene, and coal have
played a small role and until recently, gas (city gas in the
past) was negligible. Figure S-4 shows fuel consumption
in the service sector from 1970 to 1990. It is interesting
to note that service sector delivered energy consumption
in 1990, which stands at 173 PJ, is not much different
than it was in 1970, at 167 PJ. However, the differences
in the fuel mix are quite dramatic. Oil consumption was
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cut dramatically over this period to less than a third of
its pre-oil shock level. At the same time, district heating
has more than doubled and electricity has more than tri-
pled. In terms of delivered energy, this has meant only
a modest increase of 10% from 1973-1990, but primary
energy has increased strongly by 61%. However, the
warm winters of 1989 and 1990 have masked some of
the increases in energy consumption. In order to correct
for climate, we apply the same method used in the
residential sector to fuels and to the heating/water heat-
ing portion of electricity consumption, resulting in the
smoother time series shown in Figure S-5. The climate
corrected energy consumption totals show an increase in
delivered energy of 21% from 1973-1990 and an increase
in primary energy of 72%. Thus Swedes should expect
higher energy bills in the future compared to those they
faced in 1989-90.

It is no surprise that the major change in fuel
shares in the service sector in the wake of the 1973 oil
shock was substitution away from oil to district heating
and electricity. The share of oil in service sector
delivered energy use dropped from 63% in 1973 to 20%
in 1990. Over the same period, electricity’s share grew
from 23% in 1973 to 54% in 1990 while the share of dis-
trict heating in service sector delivered energy grew
from 14% to 25%.

These changes do not quite convey the effects of
substitution for oil because of the substantial increase in
electricity use for appliances and other equipment
(driftel) over this period. If we include only electricity
used for heating and water heating, we gain a better esti-
mate of the substitution for oil. In Figure S-6 we give the
fuel shares after discounting driftel. The share of oil was
76% in 1973 and 36% in 1990. Electricity’s share went
from 4% in 1973 to 17% in 1990 while district heating’s
share increased from 20% in 1973 to 45% in 1990. Much
of the increase in district heating arose as existing build-
ings were converted. The use of electricity portrayed for
space heating in Figure S-6 probably underestimates its
real role, as the bulge in the ratio of driftel to floor area
suggests a significant amount of secondary or hidden
heating as well. Still, district heating became the main
replacement for oil as the primary source of
heating/water heating in the service sector over this
period.

Figure S-7 shows the breakdown of service sector
floor area by type of main heating equipment. As in the
previous figures, it shows the declining importance of
oil heating and the increasing importance of district
heating. However it also shows a dramatic increase in
the number of combination heating systems or secon-
dary heating systems in the service sector. Such systems
show up in the "Other” category and grew from only 3%
in 1970 to nearly 20% of floor area in 1990. This category
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includes heat pumps, dual-fuel boilers, use of secondary
electric heat, and miscellaneous other heating combina-
tions. This proliferation of heating systems was a
response to higher oil prices as well as an indication of
the increased cost-consciousness of energy consumers.
The reliance on a more diverse set of fuels and equip-
ment also makes the overall heating portfolio more
robust in the face of uncertainty about fuel prices, espe-
cially in the cold Swedish climate.

33. Evolution of Energy Efficiency and Energy Sav-
ings

Changes in energy intensity in the service sector,
measured as changes in energy consumption per unit of
GDP, are closely related to the changes in the fuel mix
discussed above. Energy intensity is measured as energy
consumption per unit of service sector GDP. Delivered
energy intensity decreased by 27% from 1973-1990. Elec-
tricity intensity increased by 71%, contributing to the
resulting increase in primary energy intensity of 6%. In
Figure S-8, we show the trends in energy intensity after
correcting for climate. Since 1989 and 1990 were warm
winters, the graph reveals that the effective energy
intensity increases were higher than the uncorrected
data suggests. Delivered or final energy intensity
decreased by 20%, while electricity intensity increased
by 77% and the resulting primary intensity showed an
increase of 13%. The increase in electricity intensity for
heating/water heating, at 68%, was only slightly lower
than the electricity intensity for non-heating electricity or
driftel, which was 76%. Useful energy intensity, calcu-
lated by assuming a conversion efficiency for fuels,
decreased 6% from 1973 to 1990.

When it is available, energy intensity based on
floor area, or specific energy consumption, provides a
more useful measure of structural changes in energy
consumption over time because it is based on the physi-
cal characteristics of buildings. We used the SCB lokaler
statistics for 1977-1990 (SCB 1978-1991b) to determine
the specific energy consumption by heating system. We
then used the SCB estimates of specific energy consump-
tion for different vintages to estimate the specific energy
consumption from 1970 to 1976. Figure S-9 shows the
specific energy consumption by main heating system.
Also shown in the figure are the aggregate useful energy
intensity and the intensity of electricity use for all build-
ings. We do not show the specific energy consumption
for buildings with other heating systems or combination
heating systems as this data is only available for a few
recent years.

The trends in Figure S-9 indicate that buildings
heated with oil and district heat have experienced fairly
steady declines in real energy intensity while electrically
heated buildings have not. There are several reasons for
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these trends. One is that the efficiency of oil boilers
improved over this period whereas electric heating has
no combustion losses on which to improve. A second
reason is that the use of temporary heating to supple-
ment main heating systems. A third reason is the fact
that our climate correction probably over-corrects to
some extent. TLis is because service sector buildings are
occupied at different times and periods than in the
residential sector, are more varied in their occupancy
patterns, and are also more dominated by internal loads.
A final, but perhaps the most significant reason, is that
the building upgrades and retrofits of the 1970s and
1980s were often applied to the older buildings heated
by oil and district heat rather than to newer buildings
heated by electricity.

34. Causes for Changes

Two main trends dominated changes in the struc-
ture of service sector energy consumption between 1970
and 1990. The first was the large-scale substitution of
district heating and electricity for oil in heating. The
second is the rapid growth in other end-uses of electri-
city in the service sector, such as lighting and office
equipment. Substitution for oil had the effect of decreas-
ing delivered energy intensity and increasing primary
energy intensity. If we separate changes between 1973-
1980 and changes from 1981-1990, we discover that most
of the improvement in delivered energy intensity
occurred in the first period while remaining flat in the
second period. Furthermore, after correcting for yearly
variations in winter climate, oil use was fairly constant
in the second half of the 1980s, while district heat gained
slightly. The incentive to switch away from oil
decreased after the 1986 oil price collapse. At the same
time, most of the increase in electricity consumption
occurred in the second period. The plateau in oil con-
sumption and the flat curve for delivered energy inten-
sity suggest that Sweden will not find energy savings in
the service sector in the ways it has previously been
doing so—that is to say, Sweden must now look for elec-
tricity savings rather than switching away from oil to
achieve its savings in this sector.

3.5. Prospects

Did Sweden become sloppy in the 1980s after
achieving some notable gains in the 1970s or did the ser-
vice sector simply grow faster than energy policies can
keep up with? The aggregate nature of our analysis of
the service sector prevents us from answering this ques-
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tion properly. However, we suspect that a lack of atten-
tion to potential energy savings in the booming 1980s,
fostered in part by relatively low electricity prices, is the
root cause. In any case, the structure of service sector
electricity demand needs to be better understood in
order to begin to reverse the trends of the 1980s. kigure
$-10 shows the breakdown by end-use for the service
sector according to the Vattenfall study (1990). Lighting
represents roughly 29% of service sector electricity use,
heating accounts for about 16%, and other space condi-
tioning such as motors, ventilation and air conditioning
account for 29%. Computers, food preparation, and
“other" roughly split the remaining usage. Lighting and
space conditioning probably represent the best oppor-
tunities for savings in the near-term. As more end-use
data become available for the service sector in Sweden,
we can better gauge the relative changes in the structure
of energy consumption.

The STIL-project (Statistical Investigation in Com-
mercial Sector) within Uppdrag 2000 included energy
audits and interviews at 900 commercial sector build-
ings. The technical and economic potential was
estimated using a customer perspective based on 1991
prices and a 4-year payback limit for private building
owners, and a 7-year payback limit for official or public
building owners. The study showed that roughly 80%
of commercial buildings have cost-effective potential
under these conditions with an average payback of two
years. The average energy cost savings was 12%
(Hedenstrom 1991, Kruse 1992, Hedenstrom 1992).

The STIL-project has also pointed to the important
behavioral and organizational aspects of energy conser-
vation programs in the commercial sector. The motiva-
tion for energy conservation was found to be correlated
with some expected characteristics such as buildings in
which the owner is responsible for activities and opera-
tions in the building. But the degree of motivation was
also connected to the presence of “fiery spirits," people
who are actively interested in energy conservation.
Furthermore, there were other organizational attributes
which made some groups much more active than others
in promoting energy conservation measures, even when
the economic incentives and physical constraints were
the same. It seems clear than these motivational aspects
must be taken into consideration when pushing conser-
vation programs in the service sector. Ignoring such
characteristics can result in pushing programs where
they may mot be implemented or conversely, providing
incentives where none were necessary in the first place.
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4. THE INDUSTRIAL SECTOR

With its rich endowment of forest and mineral
resources, Sweden has been a leader in heavy industry
for centuries. As Sweden’s economy was transformed
from rural to urban industries in the twentieth century,
however, an increasing share of the raw materials were
transformed into finished products, first quality steels
and paper, then vehicles, tools, complete houses, and
electronics. This transformation has had an important
impact on energy use in manufacturing and other indus-
try, as this section will show.

In our work we adopt several conventions to per-
mit ready comparison of trends in Sweden with those in
other countries. These conventions, which are not
always the same as those used in Sweden, are explained
below:

e Manufacturing (tilverkning) includes all industries in
ISIC 3 (International Standard Industrial Code, for most
industries the same as Svenska Ndringsgren Indelning, or
SNI 3). Our study surveys trends from 1970 to 1990, and
we have examined trends starting in 1960. Our study
breaks manufacturing in to ISIC categories 341 (Pulp
and paper {papper och massa]), 351/2 (Chemicals [Kemi-
kaler]), 36 (Non-Metallic Minerals [Sten och Jord], 371
(Iron and Steel [Jarm och 5tdl], 372 (Non Ferrous Metals
[Icke Jarnhaltiga Metaller]), lumping all the remaining
branches into “other manufacturing”.!

® Other Industry includes mining (ISIC and SNI 2), pri-
mary industries (agriculture, forestry, and fisheries, ISIC
1 [jordbruk, skogsbruk, och fiske, SNI 1]), and construction
(ISIC 5 [byggverksamhet, SNI 5]). But lack of precise data
on fuels used outside of the mining subsector before
1983, or indeed in the entire group of subsectors, pre-
cludes any more careful analysis ~f these industries.
Instead, they are treated primarily as a residual from
manufacturing.?

e We have attempted to count correctly the use of
biomass in the paper and other industries, and to distri-
bute district heating consumption by 2 or 3 digit ISIC
category using estimates made by SCB and NUTEK.

! Previous experience (Howarth et al. 1990, 1991) suggests that
this breakdown may cover most, but not all of the important
trends in energy intensities and structural change that can be
found without going to a 4- or 5-digit level of classification. This is
because of the important role of paper and pulp, and some other
parts of manufacturing in Sweden and Norway. Making this level
of analysis would be very time consuming and, difficult for
Sweden, because of the problems of assigning use of biomass fuels
in the paper industry. We did find that aggregating chemical sec-
tors 351 and 352 for compatibility with other countries only hides a
small shift between the former and latter of these subsectors that
produced effects only 5% as large as those measured when the sec-
tors were combined.

2 Mining is carefully documented, but the other industries
disappear into "Hushdll, Service, mm™ before 1963,

41

Production is measured in real value-added, in
1980 or 1985 real SEK. Where data were available only
in 1985 currency, these were chained by industry back to
1980 using the overlapping year of 1980. The data
source is Nationalrikenskaper. Energy consumption data
come from Industristatstik published by SCB and pro-
vided by Hans Berglund of SCB. These include his
unpublished estimates of the use of district heat by two-
and three-digit industry. The important exception is that
of biomass data, which come from SCB’s Branslestatistik.
These covered the years 1970-1990. Additionally, Stefan
Kornerud provided NUTEK's own processing of these
data for the years 1980-1990. For SCB data we built
worksheets in which we entered each kind of fuel in its
physical units, then converted these to energy units (at
conversion rates provided by SCB), then aggregated to
liquid fuels (including LPG), gaseous fuels (city and
oven gas, natural gas), biomass, solids (coal, coke, etc.),
electricity, and district heating. These worksheets
matched the format of those provided by NUTEK. By
comparing both sets we resolved minor discrepancies.
We also compared our work with a recent analysis by
Prognoskonsult (1993) and found little disagreement,
except that we estimated biomass use for the years
1970-1975 using information provided by NUTEK,
which they did not use.

Three important adjustments have been made.
Since estimates of district heating consumption by 2- or
3-digit ISIC branch, in thermal units, are not published,
SCB provided re-estimates of district heating use for
each industry, based on the published data on district
heating expenditures. Second, after consultation with
SCB and NUTEK, we agreed to use NUTEK's data on
biomass, which agree with Brdnslestatistik but go back to
1970. Finally, blast furnace gas is excluded from "con-
sumption” in industry, since it is produced through use
of coke that is already counted.

4.1. Structure of the Manufacturing Sector

In 1970 industry contributed 36% of Sweden'’s
GDP, of which manufacturing was responsible for 23%
and "“other industry” for 13%. By 1989, these shares had
diminished by two points each. Overall activity in
manufacturing grew unsteadily, rising 6% above 1973
levels in 1976, then falling back to virtually the same
level as 1973 in 1981-82. Spurred by a 1982 devaluation
of the krona, however, activity grew steadily until reach-
ing a peak in 1989, then fell back 3% in 1990. Output in
1989 lay at only 20% above its 1973 level, a somewhat
lackluster performance for a major manufacturing nation.

These developments were spread unevenly
among manufacturing’s subsectors (Figure M-1). The
share of activity in 1981 from paper and pulp was virtu-
ally unchanged from that in 1973, while chemicals grew
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significantly and non-metallic minerals, ferrous and
non-ferrous metals fell back somewhat. By 1989 ferrous
metals had actual risen to a higher share of activity than
in 1973, paper and pulp expanded as well, and chemi-
cals continued its upward trend, while the two other
heavy branches continued to lose share slowly. Taken
together, these five energy-intensive subsectors increased
their share of manufacturing value-added, from 23.7% in
1973 (In 1980 prices) to 24.0 % in 1989. This small change
may seem unimportant, but it is unusual for OECD coun-
tries, most of which experienced declines in the share of
energy-intensive manufacturing.

4.2. Fuel Mix and Energy Intensities

The manufacturing fuel mix in Sweden
underwent an important transformation in the period
we have studied, as Figure M-2 suggests. Whereas oil
provided nearly 47% of the delivered energy in 1973, its
share shrank dramatically in the 1980s from 37% in 1980
to 155% in 1989. The fuels with the largest increases
were biomass and coal, but district heating also
increased to 3% of delivered energy. Electricity use also
rose dramatically, from slightly over 21% of delivered
energy in 1973 to 37% in 1989. While the trend towards
electricity existed before 1973, the trend away from oil
was a break with the past.

Sweden experienced an important phenomena,
growth in the use of electric boilers (avkopplingsbara pan-
nor). This appears to have been a factor in reducing oil
use in later years. By 1990, these were responsible for
9.5 PJ of delivered consumption of electricity (out of 185
P)), up from 4.5 PJ in 1983 and only 1 PJ in 1981. If they
replaced oil in oil-fired boilers that had provided heat at
85% efficiency, implying a savings in fuel of about 11 PJ
in 1990 through this electric substitution. If we compare
these "savings" with the total use of fuel (including
wood wastes), we find they amount to 1.5% in 1983, ris-
ing to over 3% by 1989. But if we compare only with oil
use, we find the heat supplied could have replaced 4%
of oil consumed in industry in 1983, close to 7% in 1988,
and nearly 16% in 1990. This substitution is not negligi-
ble, but still small compared with the total reduction in
oil use. Similarly, the use of electricity for boilers is
never more than 5% of total electricity consumed in
industry. Thus direct substitution of electricity for fuel
in interruptible boilers, while not negligible, is neither a
major use of electricity nor accounts for a major portion
of the decline in fuel intensity.

Indirect substitution of electricity for fuels, mostly
oil, also took place. The rise of electric steel making and
mechanical or thermo-mechanical pulping processes in
Swedish industry, electric paint drying in automobile
manufacturing, and other processes led to an indirect
substitution of an electricity-intensive process for one
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that was based on fuels for heating.

Manufacturing energy intensities declined in
Sweden. Measured as delivered energy per SEK (1980)
of real value added, the intensities of four of the five
"heavy" branches declined precipitously between 1973
and 1989, as Figure M-3 shows. The intensity of remain-
ing industry declined by only 10%. (The upturn in some
branches in 1990 appears to be an effect of the decline in
activity and capacity utilization.) In primary energy, the
declines were smaller; non-ferrous metals and non
energy-intensive industry actually saw an increase in
energy. The difference between primary and delivered
intensities arose because electricity intensities increased
in two branches and fell less in the other four than did
fuel intensities, as Figure M-4 shows.

43. Evolution of Energy Efficiency and Energy Sav-
ings

4.3.1. Aggregate Measures

Aggregate energy intensity in manufacturing in
Sweden fell 28% between 1973 and 1990, while that for
primary energy fell by 11%. As suggested above, the
fact that electricity intensities fell only slightly or even
increased (Figure M-5) lay behind this important differ-
ence. Aggregate electricity intensity increased.

Since reducing dependence on oil was an impor-
tant goal of Swedish energy policies expressed
throughout the 1970s and early 1980s, it is interesting to
see how well this goal was achieved. Oil use in Swedish
industry fell by 74% between 1973 and 1990. Oil intensity
fell 78%.

43.2. Decomposing Changes

We can explore the changes in manufacturing
energy use with Laspeyres indices. Holding the mix of
fuels and activity and individual energy intensities con-
stant at their 1973 levels, we find that manufacturing
energy use rose 22.5% because of changes in activity
alone between 1973 and 1989 (Figure M-6). Changes in
the individual energy intensities decreased delivered
energy use by 22% (Figure M-6) and primary energy use
by 12%. A sharp decline in delivered energy intensities
‘n 1974 was reversed when manufacturing activity fell in
the mid-1970s, but intensities began to fall again in 1979,
and the pace quickened. This decline was centered on
oil use, the intensity of which declined by 77% (holding
the mix of activity constant at 1973 shares).

Structural change, which increased slightly the
role of the five energy-intensive industries in the mix of
manufacturing, also boosted energy use in Swedish
manufacturing. Holding energy intensities constant,
structural change left delivered energy use at virtually
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the same level in 1989 or 1990 as in 1973 (Figure M-6),
and boosted primary energy use by only 1% over the
same period. QOil use fell 1% because of structural
change. The "winners” in this shift were wood and elec-
tricity, representing the important gains made by indus-
tries relying on these energy sources.

The 1989 or 1990 values for all energy hide much
larger fluctuations, however. Contraction of energy
intensive industries reduced manufacturing energy use
in 1975 by a full 8% over 1973 levels. The 1978 devalua-
tion led to a recovery in heavy industry, however, by the
early 1980s.

The structure of Swedish industry is complex, par-
ticularly in the branches of paper and pulp and forest
products. Aggregation of certain subsectors may cloak
some structural change in the form of changes in intensi-
ties. The production of paper (ISIC 3412) in 1987 was
50% higher, in tonnes, than it was in 1973, while the pro-
duction of all kinds of pulp (ISIC 3411) rose by only 7%.
Since paper has a higher value added than pulp, this
change itself reduced energy intensities, in MJ/SEK, in
the combined paper and pulp sector, ISIC 341. Problems
measuring energy use in these four digit sectors, how-
ever, precludes an exact calculation of this effect. The
aggregation of basic chemicals (ISIC 351) and finished
chemicals (ISIC 352), which was done to make Swedish
data compatible with those from other countries, might
also hide important structural change. In this case, how-
ever, we found that the slight increase in the share of
ISIC 352 in the combined total for this industry itself
decreased the energy intensity of the aggregate by only
7%, while the intensities of the two components
decreased by 35% and 69%, respectively, and the aggre-
gate intensity declined by 35%. Thus the effects of
aggregating two branches of chemicals, while not negli-
gible, were still small compared with changes in all
other energy intensities.

Energy prices for Swedish manufacturing
behaved in different ways. Heavy and light oil prices
shot up and lay significantly higher in 1990 than in 1973,
mostly because of taxes. For example, in 1990 heavy oil
lay at nearly 3 times its 1973 real value. Prices for coal
lay at nearly 1.5 times their 1973 value in the late 1980s,
but this fuel was only important in steel and a few other
industries. "Prices” for other solid fuels are not defined,
since they are comprised mainly of wastes gathered in
the paper making process. Prices for -electricity
increased by only 15% over this period, fluctuating both
above and below the 1973 level before rising per-
manently in 1983. This stimulated some of the substitu-
tion of electricity for oil, particularly in temporary
boilers (avkopplingsbara pannor). Thus, while Swedish
industry bore a particularly heavy burden of higher oil
prices, the large reduction in the use of oil, combined
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with the increase in the share of low-priced electricity
moderated and almost offset the overall price increase.

4.4. Causes for Changes

The structural changes that increased slightly the
importance of energy-intensive materials in Swedish
industry were rooted in continual growth in exports of
these materials, particularly forest products. At the same
time Swedish firms succeeded in increasing the share of
pulp turned into paper for export, rather than being first
dried and exported as raw pulp. Indeed, the govern-
ment promoted two important devaluations of the krona
(1978 and 1982) to foster these exports. On the other
hand, these devaluations could not totally compensate
for Sweden’s high wages. As a result, Sweden has
attempted to boost its high-tech manufacturing. Should
this strategy succeed in the future, we might expect the
mix of industrial activity in Sweden to shift away from
raw materials.

What caused the decline in energy intensities in
Swedish industry? Higher oil prices certainly stimu-
lated both the overall decline in fuel intensity in general
and the backout in particular (Figure M-7). Comparison
of our study with EK (1967) and EPU (1974) as well as
private calculations from Vattenfall show a long-term
decline in energy intensities, using either physical or
monetary units to measure activity. But electricity inten-
sity was not declining, and indeed was rising slowly in
some industries. The oil crises of 1973 and 1979 should
best be seen as accelerating these long-term trends. But
the pressure from higher oil prices was offset by flat
electricity prices and access to biomass.

Other forces contributed to the accelerated decline
in manufacturing energy intensity. Government efforts
to foster improved efficiency focused on aiding smaller
sized firms in the short term (in the late 1970s), and on
increasing R&D into new processes into the longer term.
Additionally, funds were available for switching away
from oil. Finally, there was increased pressure in
Sweden to remain competitive in the markets for energy
intensive steel and paper products, in part by cutting
energy costs. Certainly these forces all contrihuted to the
drop in energy intensities.

4.5. Prospects for Energy Use

The prospects for energy use and efficiency in the
manufacturing sector are clouded by the deep recession
of the 1990s. This recession was accompanied by a slow
down in the rate of decline of energy intensity, due both
to low capacity utilization and a slow down in invest-
ment in new technology, much of which reduces inten-
sity. The industrial downturn of the 1990s is very deep,
and may have profound affects on the structure of
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Swedish industry. We believe that the present recession
will affect heavy industry (steel, chemicals) where
Sweden has less of a natural advantage more than other
branches (paper and pulp) where the advantage is clear.
At the same time, the de facto devaluation of the SEK in
1992 and 1993 against the US Dollar and DMARK mean
that Swedish engineering products, plagued by high
labor costs, will gain significant advantage over those of
other countries. The overall effect could be to both boost
the demand for Swedish finished products over that for
raw materials and to boost domestic demand for
domestically made products, by raising the cost of
imports of finished products. This change will reduce
the importance of energy intensive industry in Sweden,
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thereby reducing the aggregate energy intensity of
industry.

Recent relaxation of the higher energy taxes on
industrial fuels, particularly oil, should further the rate
of decline in energy intensity, although the decline
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