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ABSTRACT

This reportanalyzes the evolution of energy use in Denmark since the early 1970s in order to shed
light on the future path of energy use in Denmark, with particular emphasis on the role of energy
efficiency. In a recent policy document, Energi 2000, the Danish Ministry of Energy set forth an ambi-
tious plan of action to achieve an environmentally sustainable energy future (Energiministeriet 1990).
Energi 2000 calls for the reduction of energy-related carbon dioxide emissions to at most 80% of their
1988 levels by 2005, with even larger reductions in emissions of oxides of sulfur and nitrogen. Most of

. these reductions will take piace within the eoergy sector, but about one-thirdis expected in homes, build-
ings, manufacturing and other industry. The heart of the plan for these final-demand sectors lies in the
adoption of higher energy taxes and accompanying policy measures to achieve enhanced energy

. efficiency and restraint in energy-using activities. Regeringens transporthandlingsplan for milj_ og
udvikling (Trafiknu'nisteriet 1990a) examined the transportation sector separately. The transportation plan
calls for a less ambitious drop in CO emissions, closer to 5% compared with 1988. In both plans2
improved energy efficiency plays a cent/al role.

How much did efficiency in Denmark improve in the past? We found that improvements in end-use
energy efficiency reduced primary energy requirements in Denmark by 22% between 1972 and 1988.
This change accounts for two-thirds of the decline in the ratio of energy use to gross domestic product
that occurred during this time; the rest of the decline was caused by changes in the mix of goods and ser-
vices produced and consumed by Danes. Additionally, increased efficiency in the energy conversion sec-
tor itself contributed important energy savings in Denmark, We also found that the share of oil in final
energy use fell from 78% to 55%, with large declines in ali sectors except transportation. Including ali
primary energy losses, the share of oil fell from 93% in 1972to 48% in 1988 as oil was almost eliminated
from the power sector.

Focusing on developments in six individual sectors of the Danish economy (residential, manufactur-
ing, other industry, service, travel, and freigh0, we found that the residential, manufacturing, and service
sectors have led the improvements in efficiency since 1972. For example, by 1988 residential space heat-
ing intensity had fallen by almost 50%, household appliances required 10% less electricity, manufactur-
ing used 14% less final energy, and the primary energy intensity of the service sector fell by over 20%.
By contrast, travel showed few significant efficiency improvements and the efficiency of freight transpor-
tation worsened. In fact, 62% more energy was required to move freight in 1988 than in 1972.

Our international comparisons showed that the structure of energy use in Denmark is less energy-
intensive than that of most high-income OECD countries, with the exception of Japan. Total energy sav-
ings achieved between 1972 and 1988 in Denmark ranked among the highest we measured in any major
OECD country; that is, if energy intensities had not fallen, Denmark would have required 31% more
energy in 1988 than was actually used. This is more than would have been required for the U.S. (29%),
West Germany (22%), Japan (17%), and Norway (3%).

Overall, we concluded that most of the energy savings achieved in Denmark were brought about
through improvements in technology. Short-term changes in consumer behavior were significant in
reducing energy needs for space heating and, through shifts from car to bus and rail travel, in transporta-
tion as weil. qhese changes have reversed somewhat since the early 1980s, but do not threaten the
overwhelming part of total energy saved through technology improvements. We also found that an
important stimulus for improved efficiency was higher energy prices, led in no small part by significant

" taxes imposed on small consumers of heating oil, electricity, and motor fuels. Energy-efficiency pro-
grams accelerated energy savings in homes and commercial buildings. Programs currently in piace prom-
ise to boost efficiency in ali sectors where electricity is used. Future programs could push efficiency of
all energy uses even farther, if supported by high prices.

The rate of improvement of energy efficiency in Denmark has slowed down significantly since
1984, consistent with trends we observed in other major countries. While many of the energy-efficiency
goals stated or implied in Denmark's Energi 2000 are achievable over a very long period, present trends
to not point towards achievement of these goals by 2010 or even 2020. Strong measures will have to he
developed by both public and private authorities if energy efficiency is to make a key contribution to
reducing environmental problems associated with energy use in Denmark.
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ENERGY USE IN DENMARK: OVERVIEW AND SECTORAL ANALYSIS

1. INTRODUCTION

Nearly twenty years ago, Danish policy makers and the public at large were confronted by unwel-

come and unanticipated increases in energy prices. While world oil markets previously had been marked

- by relative stability, 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-IraqWar. The impacts of

these events on the Danish economy should not be underestimated. In each case, the rise in oil prices was
w

followed by a deep and prolonged recession as producers and consumers adapted to new conditions and

the government made compensating adjustments in economic policy.

Denmark was particularly vulnerable to the oil price shocks of the 1970s because the nation

depended almost entirely on imported energy and because oil supplied a full 93% of gross energy use. 1

Not surprisingly, the energy shocks triggered significant changes in national policy and individual

behavior that substantially reduced the nation's dependence on oil imports. In electricity generation,

Denmark substituted coal imported from ostensibly secure regions of the world for oil and developed

indigenous resources of oil and renewable energy. Today Denmark is for the most part energy self-

sufficient. The changes that occurred were not limited to energy supply. Changes in the structure and

efficiency of energy demand led gross energy use to decrease by 4% between 1972 and 1988 despite a

44% increase in Gross National Product. This record of achievement, coupled with recent developments

in oil markets, has largely alleviated concerns about the security of energy supplies. In the mid-1980s, oil

prices collapsed due to curtailed world demand and increased production in non-OPEC nations. While

prices rose briefly during the Persian Gulf Crisis of 1990, even this major event had only fleeting impact.s

on the supply of oil.

In the 1990s, the "energy problem" has been redefined in light of concerns over the relationship

between energy use and environmental degradation. Fossil fuels are a major source of urban air pollution

and contribute to the acid deposition that threatens terrestrial and aquatic ecosystems in Northern Europe

and Scandinavia. Nuclear power imposes risks related to reactor safety and the storage of high-level

radioactive waste. Perhaps most importantly, carboniferous fuels such as coal, oil, and natural gas are a

driving force behind the greenhouse effect, which threatens to bring about highly uncertain but potentially

devastating changes in the earth's climate. The energy successes of the 1970s and 1980s had both posi-

tive and negative impacts on the environment. Certainly enhanced energy efficiency reduced the environ-

. mental burder.__associated with energy use. Increased reliance on coal and coal-based electricity, how-

ever, has exacerbated the environmental impacts of Danish energy use and poses a special challenge to

future policy: How can the nation enhance its energy security while reducing energy-related environmen-

• tal insults to acceptable levels?

I Gross energy use is the sum of domestic energy production aridnet imports before conversion to
finished energy products. The energy data discussedinthissection were provided by Energistyrelsen. The
data on economic activity are from Damnarks Statistik.
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In a recent policy document, the Danish Ministry of Energy (Energiministeriet 1990) set forth an

ambitious plan of action to achieve an environmentally sustainable energy future. The plan calls for the

reduction of energy-related carbon dioxide emissions to 80% of their 1988 level, with even larger reduc-

tions in emissions of oxides of sulfur and nitrogen. A portion of these reductions would be achieved

through expanded reliance on renewable energy sources such as biofuels and windpower, along with the

substitution of natural gas for more polluting coal and oil. The plan precludes the development of domes-

tic nuclear power. The heart of the plan, however, lies in the adoption of higher energy taxes and accom-

panying policy measures to achieve enhanced energy efficiency and restraint in energy-using activities.

Under the plan, energy use would fall by 15% by 2005.

The goals of the national energy plan are certainly achievable both in principle and in practice.

Nevertheless, both the specific policies required to realize these objectives and their impacts on Danish

society are difficult to foresee. While energy use showed no net growth in the 1970s and 1980s, such res-

traint was won at the cost of higher energy prices and foregone economic opportunities.

This report reviews the long-term evolution of Danish energy use, focusing on developments in six

sectors of the economy: residential, manufacturing, other industry, service, travel and freight. Where pos-

sible, we start our investigation in the 1950s or 1960s, although lack of data constrains our ability to con-

struct 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 intensities, 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 Danish energy use in a broader perspective, drawing detailed comparis-

ons to developments in other nations. First we compare energy use in Denmark to that in other OECD

countries (Sweden, Norway, Italy, France, the U.K., West Germany, Japan and the U.S.) on a sectoral

basis. Then we assess Denmark's standing amoung four of these countries (Norway, West Germany,

Japan and the U.S.) in terms of sectoral activity levels, the structure of energy use, and energy intensities.

1.1. Aggregate Energy-Use Trends

The development of Danish energy use between 1950 and the present is characterized by two funda-

mental trends: strong energy growth in the 1950s and 1960s and comparative restraint in the 1970s and

1980s. Between 1950 and 1972, gross energy use grew explosively from about 282 P_'to 821 PJ (Figure

1-1). While energy use in 1950 was dominated by the use of coal, coal use shrank considerably during

this period as energy users switched to oil because of its relative cleanness and convenience at the point

of end use. As noted above, oil was the major energy input to the Danish economy in the early 1970s, a
problematic fact given the upheaval in oil markets during that decade. During the 1950s and 1960s, the

ratio of gross energy use to gross domestic product (GDP) grew at an average rate of 1.0 %/yr (Figure 1- lr
2). This change was driven largely by lifestyle changes---larger homes, higher appliance ownership, and

increased personal mobility----during a period when there was little emphasis on using energy efficiently.

The events of the 1970s led to a break from the energy growth trends of the 1950s and 1960s.

Although oil is still an important gross energy input, its share in 1988 was only 46% as compared to 93%

in 1972. Coal and to a lesser extent natural gas and renewable energy were substituted for oil. Simul-

taneously, the nation developed its domestic petroleum resources in the North Sea. Even more striking,
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however, is the fact that energy use has shown no net growth since the early 1970s, decreasing

significantly during the recessions that followed the 1973 and 1979 oil price shocks and increasing during

periods of strong economic growth. Some of the reasons for this relative stability are intuitively obvious.

Over the short mn, higher energy prices forced Danes to "tighten their belts," or make short-term

sacrifices during a period of economic disruption and uncertainty. Over the longer term, the efficiency of

. energy use improved substantially, allowing higher living standards without accompanying increases in

energy use.

" 1.2. The Energy Sector

The effects of the post-energy-shock transition are clearly evident in the energy sector, where gross

energy inputs are converted into finished energy products such as refined petroleum, district heat, and

electricity. The production of district heat and electricity accounted for about 90% of Danish coal use

during the 1970s and 1980s. The increase in coal use during the period was thus due mainly to the substi-

tution of coal for oil in heat and power generation, not the response of final energy users to altered market
conditions.

The share of gross energy use lost in energy production and distribution remained relatively con-

stant at around 25% during the 1970s and 1980s (Figure 1-3). This fact does not, however, imply that

there were no improvements in the conversion and delivery of energy carriers. The share of electricity in

final energy use (energy at the point of end use evaluated in thermal units) rose from 9% to 18%between

1972 and 1988, while the share for district heat rose from 10% to 14% (Figure 1-4). Since conversion

and distribution losses are associated mainly with these energy carriers, the total loss share would have

increased substantially in the absence of efficiency improvements. Further light is shed on this subject by

a look at some of the details. In 1972, Danish central heat and power stations produced 11 units of dis-

trict beat and 32 units of electricity for every 100 units of fuel input for a wtal conversion efficiency of

43%. By 1981, overall efficiency was raised to 48%, with district heat production at 16% of thermal

input and electricity at 32%. By 1988, the district heating component rose to 19%, while electricity

edged up to 34%. Overall efficiency was thus 53%, a relative improvement of 24% over the 1972 figure.

A small improvement also occurred in pure district heat plants, where conversion efficiencies were raised

from 81% to 84% between 1972 and 1988. Electrical transmission and distribution losses remained rela-

tively constant at 7%, while the distribution losses for district heat systems fell from 25% to 21%.

While the developments in the Danish energy sector are interesting given the special role district

. heat and central heat and power systems play in the nation, they are not the primary focus of this report.

We are interested in characterizing the forces that shape final energy use--the technological and

behavioral factors that determine the demands that are satisfied by energy-sector activities. Trends in

• final energy use for the most part followed gross energy-use trends. Final energy use fell substantially

following the 1973 and 1979 energy shocks, but rose modestly during periods of economic expansion. In

1988, Denmark used 572 PJ of final energy, 7% less than in 1972.

Primary energy use is a helpful measure of energy use when we are concerned with total system

requirements. This is certainly true when measuring the environmental impact of energy use, the impact

of fossil fuel use. Trends in final energy use weighted by the calorific values of energy carriers present a
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somewhat misleading picture of the demands placed on the energy system. Given the relatively strong

growth of district heat and electricity use, it is important tD count the losses incurred when primary fuels

are converted tD these final forms. Primary energy use, another measure of energy utilization, counts

these losses. A simplified measure of primary energy use adds tDdistrict heating a loss of approximately

15% for preparation, and tD electricity a loss of 240%. Other losses (petroleum refining, gas transmis-

sion) tend tD be much smaller as a share of the final consumptionof other fuels, and are usually ignored in

analyses similar to ours (although they appear in their own right in the energy sector.)

Our estimates of primary energy losses represent approximate OECD averages and not actual Dan-

ish figures, lt is important to see whether our approximation leads to any important distortions in our

results, particularly as we assume a constant ratio of primary tD secondary conversion losses for both

electricity and district heat.

The actual figure for losses in producing electricity in Denmark is lower than ours, according tD the

ENS convention, because of the importance of combined heat and power. In 1990, 2.8 units of primary

energy were required to provide 1 unit of final electricity consumption, considerably less than the OECD

average of 3.24 we used. The actual figure for losses incurred in providing district heat in Denmark, 1.25

units of primary energy to produce 1 unit of heat reaching a building, is higher than file figure of 1.15 we

used. The "efficiency" of production of district heat, according to Danish figures, is 128% in 1990, i.e.,

0.78 units of extra fuel were required tD produce 1 unit of heat at the plant, an average of heat-only plants

and CHI' plants. What raises the primary requirements of district heating are the large distribution losses,

20% of production. In 1972, the overall intensity of production was 1.33, a result of high losses (25% of

production) and a production efficiency of only 102%.

The overall unit losses for both electricity and district heating production in Denmark each fell

significantly between 1972 and 1990. But offsetting these trends was the continually increasing impor-

tance of each energy carrier in the final energy mix in Denmark. This increase more than offset the

impact of improvements in the generation of either district heating or electricity on primary energy losses.

Consequently, the difference between primary and final energy utilization in Danish households (or

indeed in other sectors) diverged between 1972 and 1990, as our figuresshow. Using the Danish conven-
tions for calculating primary energy use, which count actual conversion losses for district heat, combined

heat and power, and thermal power plants according to each year's actual performance, the resulting

divergence is only slightly smaller from the result we obtain if we use our own convention. Since we use

the results from our analysis for international comparisons repeatedly, we use them in the Danish sectoral

analyses as weil. We therefore also consider trends in primary energy use, where the final use of district

heat is weighted by a factor of 1.15 and electricity by a factor of 3.24 tD account in an approximate way

for conversion and distribution losses. While these figures do not exactly match the true figures for Den-

mark, that represent OECD averages that facilitate comparisons with other nations. Between 1973 and

1988, this primary energy use grew by 5%.

Both delivered and primary energy use lagged substantially behind GDP growth over the period so

that the final energy/GDP ratio fell by 39% while the primary energy/GDP ratio fell by 28%. Electricity

use per unit of GDP, on the other hand, grew by 27% between 1972 and 1988.
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1.3. Methodology

Trends in aggregate energy use and economic activity are often used as indicators to gauge
improvements in the efficiency of energy utilization over time or to anticipate future develoIxnents.

While broad-basedmeasures are indispensablebecause they convey facts in simple and hence digestible

terms, they often hide informationthatis crucialin understandingthe natureof energyuse. Energy, after

. all, is not used in the abswactto produceabstractunits of GDP. Instead, it is used to carryout numerous

specific activities such as maintainingcomfortable indoor temperatures;providingmobility in automo-
biles andother vehicles; and producingchemicals, steel, and otherrawmaterials.

Previous research has shown that the structureof energy use--its disposition amon_ different

activities--changes substantiallyover time in response to demographictrendsand changes in lifestyles
and technologies (Schipperet al. 1989;Schipper,Howarth,a_xlC,eUer 1990; Schipperand Meyers 1992).

To see thatthis is true, it is useful to break final ,energyuse down into six end-use sectors: residential,

manuf_turing, other industry, service, travel, and freight. As Figure I-5 shows, the residential and

manufacturingsectors are the most important end-use sectors in Denmark,accounting respectively for
38% and 23% of final energyuse in 1972. The share in the residential sector fell to 32% by 1988, while

the manufacturing share remained relatively constant over time. Little change was observed in the shares

of the service sector and other industry category, which in 1988 accounted for 12% and 8% of final

energy use. The energy share for the travel sector grew from 12% to 15% between 1972 and 1988, while
the share for freight rose from 6% to 9%.

For each end-use sector, it is possible to define an indicator of aggregate sectoral activity that

represents in broad terms the factors that drive energy use. 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 the disposition of energy use between specific activities. In

the residential sector, it is interesting to consider developments in space heating, water heating, cooking,
lighting, and appliance energy use. In manufacturing one may divide energy use among different subsec-

tors 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.

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 ene_'_D,intensities. In formal terms, let A/t represent the aggregate

activity level in sector i in year t, Sijt (/"= 1,2,...,n) be the level of specific activity j per unit of aggre-

. gate activity, and 10t be the energy intensity of specific activity j. Then the energy use of sector i is:
tl

Eit --Air _",Sijtlijt .
,,. j--I

While this formula is simply an accounting identity, it provides the basis for constructing meaningful
indicators of the determinants of energy use in a given end..usesector.

To measure the relative change in energy use that would have occurred over time if sectoral struc-

ture and energy intensi:ies had remained fixed at base year (t = 0) values while aggregate activity had fol-
lowed its actual development, we calculate the activity effect as:
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n

%AEAi = (A_ Y_Sijolijo- Eio)/Eio .
j-i

Similarly, the hypothetical change in energy use given constant aggregate activity and energy intensities

but varying sectoral structure (the structure effect) is:

tl

%&Esi - (Aio _.,Si)t lijo - Eio)/Eio
j-I

and the proportional change in energy use given constant activity and structure but v,u-_mg energy inten-

sities (the intensity effect) is:
II

%&Eli - (Azo_Sijolijt ""Eio)/E_o .
)..1

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 judge-

ment; the specific definitions we use in each 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 lie

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 therefore 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.

Combining the changes in activity level and structure, we obtain a measure of energy services. This

measures 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,

change3 in the ratio of energy services to GDP affect the energy/GDP ratio independently from the effects

of evolving energy intensities.

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:

fl

%E savings in sector - A_ _Sijt(lijo- iijt )/E_ .
j=l

.r
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Table I-I, Definition of Factors for Impacts of Changing Activity Levels, Sectoral Structure, and
Structure-AdjustedEnergyIntensityon SectoralEnergyUse.

Sectorfmdicator Definition/descriptionof factors

RESIDENTIAL

• Activity Population

Intensity Space heat energy per unit of home floor area. electricity per
appliance,energyper capita forcooking and hot wateradjusted
forhomeoccupancy, lighting energyuse peruni: of floorarea

Structure Household floor areaper capita, persons per household, appli-
ance ownershipper capita

MANUFA_G

Activity Manufacturingvalue added

Intensity Industry-groupenergyuse/valueadded

Structure Industry-groupvalue addedshares

OTHERINDUSTRY

Activity Value addedin agriculture,forestry,fishing, mining, and con-
stmction

Intensity Energyuse/value added

Structure Not applicable

SERVICF_

Activity Servicesector value added

Intensity Energy use/valueadded

Structure Notapplicable

PASSENGER TRANSPORT

Activity Passenger-km/year

Intensity Modal energyuse/passenger-km
Structure Modalmix

. FREIGHTTRANSPORT

Activity Torme-km/year

Intensity Modal energyuse/tonne-km
Structure Medal mix
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2. THE RESIDENTIAL SECTOR

The residential sector, which accounted for 38% of Danish final energy use and 35% of final oil

consumption in 1972, was the object of furious public and private efforts to save energy in the 1970s and

1980s. By 1979, residential energy use had grown slightly relative to that in other sectors, but by 1990,

the share had fallen to around 32% for both final energy and oil. Total energy use in the sector lay below

, its 1972 level Did efforts to save energy in this sector succeed and thereby bring down household energy

use? Thissectionwin discuss the answertothisquestion.

. The evolution of energy use in Danish households has taken many dramatic mms. A rapid rise in

total energy use in the 1960s and early 1970s, driven by improved living standards, was interrupted tem-

porarily by the first oil shock and permanently by the second. A large drop in energy use occurred in the

1980s, a result of very deep cuts in energy use for space heating and significant reductions in energy use

for water heating and household appliances as well. The fuel mix, which was dominated by oil in 1972,

shifted away from oil by the mid-1980s. The shares of fatal energy supplied by district heat, electricity,

and natural gas increased significantly, although oil still heats more than 36% of ali homes and provides

nearly one-third of final energy use.

While the physical standards of Danish homes and the material comfort of Danish people continued

to rise into the 1990s, the period of rapid growth in the main amenities that drive energy use is probably

over, so energy demand should grow very slowly if at all. Siglfificant reductions in energy use could be

achieved if existing energy-efficiency opportunities were exploited.

In this discussion, we have analyzed energy use for space heating, water heating, cooking, lighting,

and major electric appliances. 1 The major driver of activity in this sector is population, and the broadest

measure of energy intensity is energy use per capita. The structure of residential energy use is related to

physical measures of the standard of living: house area and the number of appliances per person. Addi-

tionally, family size is related to the structure of energy use, because smaller families tend to have higher

per capita energy use than larger ones: energy services are shared over more occupants in large families.

We discuss energy intensities (or unit consumption, when referring to a particular end-use or appli-

ance) on a per household or dwelling, per square meter, or per appliance basis. We have made many

assumptions based on our ongoing analyses of the patterns of energy use in Danish households that began

in 1981 (see Schipper 1983). For derivation of figures used in this section, see Appendix A.

t Sonunerhuse, or vacation homes, are excluded from our definition of the residential sector. The fuel

- consumed in vacation homes is unavoidably counted in the residential sector, but makes up a very small
share. The electricity consumed in summer homes is excluded from our calculations, and appears in the resi-
dual consumption we have not accounted for. For farmhouses (landbrugsejendom and stuehuse), only the

portion of electricity used to support residential activities is considered based on the assumption that con-
sumption of electricity for household purposes, in kWh/household, in farmhouses is identical to that in par-
celhuse, or detached single-family dwellings. Energy use for heating mad household purposes in farmhouses
is counted in the residential sector.
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2.1. Sectoral Activity and Structure

In 1972, Danes had some of the highest housing comfort levels in Europe. The penetration of cen-

tral heating lay above 80%, the share of detached or semi-detached home.s in the housing stock was above

50%, and the average dwelling had a gross area of nearly 100 m2. Given the average family size of 2.64,

the typical Dane living in a home or apartment had close to 37 m2 of total space at his or ber disposal.

Almost every home had a television and a refrigerator or combined refrigerator-freezer, and nearly half

had freezers and washing machines.

The Danish material standard continued to improve after 1972, even as oil prices skyrocketed.

Ownership of clothes dryers and dishwashers rose rapidly. Freezer and washer ownership had also

increased substantially. By the time of the second oil shock in 1979, average home area passed 106 _.2,

or 43 m2 per capita. But the second oil shock sent Denmark's economy into a tailspin, slowing home

construction and appliance acquisition during the first part of the 1980s. Still, the average Dane had 31%

more living space and far more (and larger) household appliances in 1990 than in 1972. Almost 96% of

ali homes had either central heating or fixed electric heating panels in almost every room. These changes

increased comfort and convenience levels in Danish homes, but also increased energ_ ase, as we will see
below.

Figure 2-1 portrays data that illustrate long-term trends in indoor housing comfort. Using figures

from Danmarks Statistik, as well as our own estimates for energy consumption and central heating pene-

tration in the 1950s, we have estimated the growth in population, the housing stock, home floor area, and

total "comfort," all indexed to 1950 values. 2 By this standard, heated area has risen by over a factor of 2.4

since 1950. The growth in these parameters appears to have neared saturation in the mid 1970s, coincid-

ing with the first energy shock. By this time, 90% of all homes had central heat or full electric heating.

Thus the rise in housing standards in Denmark has been a long and slow process, although the entry of

first oil, and more recently natural gas, into the heating market has been rapid. While we do not present a

forecast of these trends, it is clear that future changes are likely to be slow, a fact reflected in Energi 2000

(Energiministeriet 1990).

2.2. Fuel Choice and Fuel Shares

Supporting the rise in household comfort was an important shift in fuels. Whereas coal supplied

most household heat in the 1950s and early 1960s, oil rapidly replaced coal in the 1960s and served as the

most important heating fuel by 1972. District heating based principally on oil was a distant second.

Many families still used coal or kerosene in heating stoves, while some had city gas, particularly in apart-

ments in larger cities. By the time the second oil shock occurred, the shares of oil and solids had fallen

only slightly; these fuels were replaced by district heat and, particularly in new homes, electricity. But
,a,

after the second oil shock, and particularly after 1985, natural gas and district heating together reduced

2 "Condon" is measur_las the indexA* (1 + %CH)/2. wh_'eA is thepercapitaarea of homesand
%CH is the shareof homeswithcentralheator fixedelectricradiators.This formulationreflectsalgebrai-
callythe fact thatoccupantsin a homewithcentralheatingtypicallyuse abouttwiceasmuchenergytopro-
videwarmindoorenvironmentsthanthose in ahome withindependentroomstoves. Theindexreachesthe
totalareaheatedpercapitawhenalihomeshavecentralheat.
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the share of homes using oil fromslightly over 50% to around 36%,a far greaterpercentagedrop than

had occurredbetween 1972 and 1985. Finally, solids, which consistedprincipallyof renewables(wood,
straw,etc.)increasedtheirshareofhomesheatedafter1979,thenfellbacksomewhat,settlingataround

3%. Solids also provided secondaryheating in many homes whereoil was the principalheating source.

Electricity's share grew only slowly, providing8% of all homes with principal heating in 1990.

• Electricityuse was boosted by increased ownershipof electric water heaters andcooking stoves, as well

as continuedincreases in appliance ownership. The Danishhousehold fuel mix was cleaner at the point

of end-use (i.e., less coal andoil, more electricity, gas, and districtheat) in 1990 than in 1972, although

substantialincreases in the use of coal forelectricity generationmeantthat,directly and indirectly,house-

hold energyuse still emitconsiderableamountsof pollution. Much of the pollution now occurs at power

plants, where it can be removed, rather than in residential areas or city centers. This development also

improvedcomfort standardsby reducing someof the pollution associatedwith usingenergy in thehome.

2.3. Energy Use and Energy Intensity

What is strikingabout the historical trendsin energyuse in Danish homes is that they tend to first

outpace the activity changes implied in Figure 2-1 (Cf. Table 1-1 in the introduction), then tum in oppo-

site directions. The reasons for this evolution lie both in changes in efficiency and changes in behavior.

Before 1965--a poorly documented period--it appears that household energy use rose rapidly to feed

both the rise in indoor comfort and convenience (Danmarks Statistik 1967). This development took place
as real energy prices fell and incomes increased.

Figure 2-2 shows the total use of fuels forhouseholds from 1965 to 1990.3 By contrast with the pre-
vious period, final energy use in the residential sector remained relatively constant in the 1970s and

decreasedin the 1980s. The high value, 248 PJ,was reachedin 1972, while the low of 181 PJoccurredin

1983, as Figure 2-2 shows. The 1990 level was 186 PJ. Primary energy use, measured accord!rigto the

convention discussed in the introduction, increased during most of the period, starting at 264 PJ in 1970,

rising to 289 PJ in 1978, falling sharply to 265 PJ in 1982, thengrowing slowly to 271 PJin 1990. 4

The aggregate intensity of residential energy use in Denmark, measured in per capita or per house-
hold terms, declined considerably in the 1970s and again in the early 1980s. To be able to see this, we

have to aggregate fuels, district heating, and electricity. We define useful energy as the energy reaching
the interior of the home after on-site combustion losses are subtracted. We count 66% of the energy in

liquid and gaseous fuels, 55% of the energy in solids, and 100% of the electricity and district heat

• deliveredtothehome asusefulenergy.5 Intensity,measuredinusefulenergyperdwelling,increased

3 Unless otherwise noted, ali data arecorrectedto normalclimate (see Appendix A). Actual energy use in
. 1970 was higher than that in 1972, but 1970 was nearly 10%colder thannormal, while 1972 was almost 5%

warmerthan normal.

4 Counting primaryenergy using the Danish convention, which has lower losses for electricity but higher
losses fordistrict heating, would reveal approximatelythesame pattern.

S Thisconvention eliminates much of the distortion that arises when electricity and disuict heating, ener-
gy sources with almost no losses within homes or buildings, are aggregated with fossil fuels and biomass,
whose use entails significant combustion losses. The figures we use model averagecombustion efficiency.
In reality the combustion efficiency improvedover the period we studied. Energistyrelsen uses somewhat
lower figures for conversion efficiency in the early 1970s and higher figures for the end of the 1980s. By
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through1972, as Figure 2-3 shows. There was a sharpdecline through 1975, a brief recoveryuntil the
second oil shock of 1979, then an even more marked fall until a plateauwas reached in the mid 1980s.

Overall, useful energy per dwelling fell by some 30%. Useful energy per capita fell less, by 25%,

because the numberof people per dwelling fell by 18%. This decline in household size reduced energy
use for cooking and waterheating, two uses particularlysensitive to the numberof people in a home. Fig-

ure2-4 presents per capitaenergyutilizationforeach end use.

In measuring changes in energy intensity in homes, we have to average the changes thatoccurred to

several important end uses. The indicators presented in Figure 2-4 are not calculated to take into account
important increases in comfort (el. Figure 2-1) and other energy services. To rectify this problem, we

develop new indicators. As noted above, we defined population as our activity variable, and then exam-

ined several parameters of the "structure"of residential energy use. Space heating intensity is defined as

the ratio of useful energy consumed to area heated, with the area weighted by the index of central heating.

By this measure, the intensity of space heating in Denmark fell by 48% between 1972 and 1990.

Indicators for intensity of cooking and water heating are much harder to define, because we have no

direct indicators of the quantities (or temperature) of hot water consumed, or of the number of meals

cooked. However, in another study (Schipper et al. 1989), we observed that energy consumption per

household for these purposes tends to vary with the square-root of household size, other things being

equal. With this in mind, we define an indicator of energy intensity of water heating, or of cooking, as

the ratio of fuel and electricity consumed for each purpose, divided by the square root of household size.

We compare the change in fuel and electricity per household for each purpose to the change in the

square-root of household size over time. A change in energy use that is less than that we would expect

from changes in household si _,ealone is attributed to changes in the actual intensity of energy use for

these purposes. By these measures, the intensity of water heating in Denmark fell 10% between 1972 and

1988, while that of cooking was almost unchanged or even increasedslightly over the same period.

Measuring changes in the intensity of lighting and electric appliances is somewhat more straightfor-

ward. We expect that electricity use for lighting will vary with home size; lar,,er homes have more lights.

Therefore, we compare the ratio of electricity consumed for lighting to home area in any year with that in

the base year to estimate changes in the intensity of lighting. To track the evolution of electric appli-
ances, we calculate the consumption of electricity for the six major appliances that would have occurred

had ownership levels been frozen at their 1972 values while intensities (taken from M¢ller and Nielsen

1991) changed. We take the result, expressed as a ratio, to represent ali electricity uses in the home not

counted in heating, water heating, cooking, or lighting. By this measure, the intensity of electric appli-
ances fell by almost 12% between 1972 and 1988,and is still declining.

theirfigures,improvedcombustionefficiencyraisedtheamountof usefulenergyprovidedforeachunitof
energydelivezextto thecombustionsystem.Ourapproximationthusoverstatesthedeclinein usefulenergy,
i.e..whatactuallyreachedroomsandwaterfaucets.
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2.4. Decomposing the Changes in Energy Use

We can characterizethe majorforces behind the changes that occurredin household energy use

using the system of calculations describedin the introduction.Figure 2-5, for examp',e,shows how final

energy use changed between 1970 and 1990; Figure 2-6 shows the same resultscomputed for primary

energy using our convention. Figures 2-7 and2-8 portraythe evolution of electricity use for majorappli-

• ancesandforall electricityuse.6

"Activity" shows how much energy ,lse would have changed had only population grown. This
. effect was minor, the Danishpopulationbarelygrewduringtheperiod 1972-1990. "Structure"illustrates

the impact on energy use of increased horae areaper capita, more central heat, more appliances, and

smallerhouseholdsize. A strongincrease in energy use, approximately35%, occurredbecause of rising
living standards.For electric appliances,0le s_actural increasewas greaterthan 50%,and for ali electri-

city uses the structuraleffect was similar. "lr,tensity"isolates the impactof changesin the energyintensi-

fies of spaceand waterheating, cooking, md individualelectric appliances. As "Intensity" shows, how-

ever, there was a 46%drop in finalenergyuse, anda 34% drop in primaryenergy, due to reduced energy
intensities for ali majorend uses except cooking.

Comparisonof Figures 2-5 and 2-6 shows thatprimaryenergyintensity fell less rapidlythanthatof

delivered energy. This is because the intensityeffect was less notable for electricappliances (Figure 2-7)

or for electricity as a whole (Figure 2-8) than for ali energy uses, where space heatingdominates. Since

electricity is weighted more heavily in primarythan in final energy, the overall intensity effect appears

smaller in the primaryenergy representation. Some of this divergencecould arise because of the direct

substitutionof electricity for fuels is responsible for only a small partof this divergence.

This increase in the shareof homes using electricity for certainpurposesled directly to reductions
of fuel use (predominantly oil) of perhaps 15 PJ. But the increase in electricity use, 10 PJ, was far

smaller than the decline in overall household energy use from the intensity effect, which reachednearly

100 PJ. 4n other words, the decline in householdenergy intensities in Denmarkwas fargreaterthan can

be explained by factorsrelated to fuel accounting. Thus the drop in householdenergy intensities in Den-

mark,howevermeasured,reveals that Danes savedsignificant amountsof energy in theirhomes.

Figure 2-8 contains a hiddeneffect causedby the evolution of the shareof homes using electricity

forheating, cooking, and waterheating. That is, electricity use for a given purpose is comparedwith ali

homes, not just those using electricity for that purpose. Since the sharesof homes using electricity for

these purposes increased, total electricity use for certain end uses increased, although the unit consump-

• tion for each purpose decreased. As noted above, this substitution raised electricity use by almost 10 PJ
between 1972 and 1988. Consequently, the "intensity" line in Figure 2-8 does not fall as much as the

• 6 The calculationsused in Figure2-8 differ fromthose appliedto electricity in othersectors. In other sec-
tars, it is difficult to count the number of users of eleccicity for eny particularuse, so we can only measure
the overall electricity intensity of the other sectors. But in the residential sector, we know the numberof

homes using electricity for virtuallyevery importantpurpose. We mn.sider thus in Figure2-8 the intensity of
each electricity use aselectricity used/numberof users. Electricity intensity for hea_ingis thus measuredove_
homes with electricheat, and similarlyfor otheruses. The "conservationeffect" shows theresultsof this cal-
culation, as distinctfrom the "intensity effect".
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intensity of each electricity use fell. 7 The "Conservation" effect shows the impact of changes in electricity

use intensifies on electricity uses, given that a household has that individual electricity use. This effect

was substantial, as can be seen from the divergence between "intensity" and" conservation" in Figure 2-8.

2.5. The Decline in Household Energy Intensities

The enormous reduction in heating intensity in Danish homes between 1972 and 1990 can be

explained as the product of changes in behavior, higher equipment efficiencies, and improved building

shells. The DEMO Project (N_rg_d 1977) suggests that indoor temperatures in Denmark were well
i.

above 21°C in 1972, in pan to keep poorly insulated homes warm. Following the 1979 oil price shocks

through the mid-1980s, space-heating intensities fell considerably. The decline was far too rapid to have

been caused by careful retrofit of building shells, windows and equipment. Hence, behavioral change

may have accounted for as much as 50% of the decline during that time period. In recent years, indoor

temperatures as well as other measures of conservation behavior have fluctuated. Recent ScanTest sur-

veys (ScanTest various years) indicate that the vigilance of Danish householders has relaxed somewhat

since the mid-1980s. Nonetheless, Danes still heat their homes to lower temperatures (probably 2-3

degrees C lower) than they did prior to 1973. Ali in all, we estimate that approximately 25% of the

decline in heating intensities between 1972 and 1990 stemmed from behavioral changes.

Technological improvements accounted for most of the remaining decline. Energistyrelsen figures

estimate that between 1972 and 1990 the conversion from delivered energy to useful heat rose from 55%

to 70% for heating oil and from 40% to 50% for various solid fuels. District heating and electricity

remained constant at 95% and 97% respectively. The fact that the intensity of oil heating declined more

than the intensity of district or electric heat is a result of greater improvements in the oil-heating equip-
ment.

Improvements in building shells---increased insulation, caulking and weatherstripping, new win-

dows, etc.--aiso contributed to the reduction. Additionally, the acquisition and use of heating controls

(thermostats, shunts, etc.) reduced unnecessary heating and allowed for better control of the heat pro-

duced. These controls also contributed to better performance of heating equipment by permitting better

ntatching of load to output.

Overall, higher energy prices have played an important rule in depressing household energy use in

Denmark. As Figure 2-9 shows, major changes in household energy prices occurred over the observed

time period. In 1989, heating oil prices lay at 335% of their 1972 value, whereas household electricity

prices had reached only 44% of their 1972 level. The price of natural gas followed that ofoil closely; as a

result, save biomass or other sources of non-commercial solids, Danish households have no "cheap"

energy aitematives. Still, the prices for district heat, gas, and oil rose markedly relative to that of electri- c
city (shown in Figure 2-9), leading to some substitution towards electricity.

7 Calculation of the intensity of elecmcity use in Figure 2-8 is consistent with the way electricity was
treated for the manufacturing, industry, and service sectors. But in other calculations presented in our discus-
sion of residential energy use, we compare the use of electricity for heating, water heating, and cooking with
the number of homes using electricity for these purposes.
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One of the initial goals of energy policies aimed at the residential sector was to reduce the impor-

tance of oil use in this sector, which i_ what occurred. Two important effects were responsible for the

large decline in oil use we observed. Until 1982, declining use of oil in homes heated with oil reduced oil

use; after 1982, substitution to other fuels became increasingly important and by 1985 drove almost all of

the continued reduction in household oil use. This distinction is important: the unit consumption of oil in

• homes healed with oil appears to be level, but the number of homes heated with oil is still sinking in

1991, to the advantage of gas. Thus oil use in Danish homes should continue to decline in the 1990s.

Although electricity prices rose far less dramatically than oil prices, the share of new homes using

electricity remained relatively low, because the Heat Plan placed restrictions on electric heating (see

below) and consumers still perceived the price of electricity as unreasonably high. lt was only when

natural gas became more available that a large number of Danish households abandoned oil.

The policies promulgated by the Danish government also contributed to the significant decline in

household energy use. The Danish government has undertaken one of the most ambitious household

energy-efficiency programs ever attempted by an OECD country (Wilson ct al. 1989). Billions of doUars

have been poured into grants and subsidies to encourage home owners and occupants to reduce their use

of energy.

Trying to determine the relative impacts of prices and policies on energy use--and to disaggregate

the effects of each--proves elusive. However, a quick survey of Denmark's policies provides some

insight into the effect of government intervention on household energy consumption. Take, for example,

the subsidies for retrofits that were available in the late 1970s and early 1980s. While these may have

reached their targets, they could have accounted for only a pan of the overall drop in heating intensity

observed between 1978 and 1981 (Schippcr 1983). And the Varmesynsordningen (Heat Consultant

Plan)---which required sellers of homes to offer energy audits of their properties to buyers (the Varmetat-

test) and encouraged inexpensive inspections to ali interested panics---had an impact in the mid 1980s,

but lhc total number of homes affected was only a small part of the overall stock (Birch & Krogboe

1986). The levels of insulation required by the building codes (Bygningsreglement, or BR) of 1979 and

1982 certainly forced an even greater increase in insulation levels of new homes, which represented more

than 10% of the stock by 1990 (Byggestyrelsen 1982). Additionally, the Heat Plan forced even more

marked improvements in homes for which electricity was to be the heating source, since these homes had

to be designed so that space heating losses would make up less than half of the total energy requirements

for the homes, so-called lavenergihus. In short, many different policies coaxed energy use in homes

• downward. Yet a rough estimate of the impact of these various measures (see Schipper 1983) suggests

that they do not account for ali the savings: a significant amount either arose because building occupants

heated differently, or because occupants or owners undertook retrofit measures for their own account.

• Moreover, virtually no pol_:ies Were applied nationwide to non-heating household electricity use

(efficiency standards, etc.) until the late 1980s. While it would be very difficult to account for the exact

marginal effects of government programs, we believe that they "caused" less than half of the total energy

savings in Danish homes. This does not, however, mean that programs were ineffective, only that other

forces, prcdominately price changes, caused even more improvement in energy use than programs.
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2.6. The Plateau of Household Energy Use: Implications

The summary figures document the significant savings of energy in Denmark between 1972 and

1990. The curves also show a clear stagnation in this effect after 1986, aside from a brief upturn in inten-

sities for heating that occurred in 1986 and 1987, the years of the large decline in oil prices. Indeed,

residential energy prices have been flat since the oil pricecrash. The rapid energy savings developments

in Denmark have clearly ceased.

These developments are reflected in interviews with house occupants. The ScanTest interviews

show a clear drop-off in the number of households adding key efficiency improvements to their homes.

Some of this decline is caused by saturation of measures. The same interviews also show that through

1986 there was a steady increase in indoor temperatures, then a rum around, then stagnation. Some of

energy saved by lowering temperatures in the early 1980s may have been "taken back" by careful retrofit

measures taken in the mid 1980s. That is, people cut back on comfort until they were able to make

investments to reduce the energy costs of that comfort. Danes have not lost interest in energy efficiency,

but they have lost some of the zeal they showed in the early 1980s.

The plateau in energy intensity should not be surprising. Real oil and gas prices fluctuated only

slightly after 1987, while household electricity prices, which had dipped sharply in 1984 and 1985,

recovered somewhat, though not to their highest level in 1982. The stagnation or fall in energy prices

explains much of the reason for the plateau in energy intensity in Danish households.

A key issue for Danish policy makers is whether the potential for improved efficiency, which is well

documented, 8 can be harvested. Declining interest in the Varmesynordningen and even obtaining an

energy certificate (Energiattest) (EK-Sekretariet, 1991), suggests that the retrofitting of existing homes

will be very slow. And the minuscule rate of new construction, estimated by Energistyrelsen at around

20,000 homes per year (out of a total stock of more than 2.3 million units) suggests that replacement of

older homes by new will be rather slow. Thus reducing he_ng needs in Danish homes, while attractive

economically, will take a long time.

More positive steps may be those aimed at household electricity use. A variety of utilities have

begun to offer low-energy compact fluorescent lamps (see Mills 1991a). Others are aggressively market-

ing information on efficient appliances, including the low-energy refrigerator of BrCdrene Gram. And the

leadership of Denmark in NORDEFF and NORDNORM appears to be leading to an efficiency standard

for refrigerators and like equipment, which could accelerate the improvements that already have occurred.

s Thesewere carriedoutby Fritzelet sl. (1991),M_ller(1987), Energistyrelsen(1990), andN_rg_rd
(1989).
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Energy in Denmark: Long Term Trends
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Household Energy Use in Denmark
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Household Energy Prices in Denmark
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3. THE MANUFACTURING SECTOR

The manufacturingsector(ISIC1 3) is involved in the processingandassemblyof rawmaterialsinto
finishedcommodities. The sectoris importantin both energyand economic terms,accounting for 23% of

final energy use and 18% of GDP.2 While manufacturingoutput, measuredby real value add_l, grew at

4.8 %/yr during the late 1960s and early 1970s, the growth rate fell substantiallyfollowing the energy

• shocks in 1973 and 1979 (Figure3-1). Over the entire 1973-1990 time period, output growth avenged

only 1.5 %/yr, with no net growth in themid- to late-1980s.

,. Aggregate sectoralenergyuse grew from 121 PJin 1966 to 155 PJ in 1973 (Figure 3-2). The level

of energyuse was relatively stable between 1973 and 1978, declined by 24% between 1978 andits low in
1983, and rose somewhat in more recentyears. The most pronouncedchanges occurredin oil, which fell

by 58% between 1973 and 1988 while its shareof finalmanufacturingenergyuse fell from77% to 40%.

Electricityuse rose by nearly a factorof two between 1973 and 1988 while its sharerose from 10% to

23%. Naturalgas use reached 14% of finaldemandby 1988, even thoughgas was not availableuntil the

mid-1980s. The use of solid fuels fluctuatedover the period, but increased in its shareof total energyuse

from 11% in 1973 to 21% in 1988. Small amounts of districtheat (about2% of sectoral energyuse) are
usedtoheatmanufacturingbuildings.WhiletheenergydatafromDanmarlmStatistikon whichthis

analysisisprincipallybasedextendonlyto1988,supplementarydatafromEnergistyrelsenindicatethat

finalenergyuseshowednonetchangebetween1988and1990.Becauseelectricityusegrewby7%,pri-

maryenergygrewby2%.

Aggregatemanufacturingenergyintensity,orenergyuseperunitofvalueadded,fellsubstantially

overtheperiodofanalysis(Figure3-I).Thisratiodeclinedby 1.3%/yrbetween1966and1973,by3.7

%/yrbetween1973and1979,andby6.9%/yrbetween1979and1983.Aggregateintensityrosebya

• total of 16%between 1983 and 1987 but then fell by 9% between 1987 and 1988. The reductions that

occurredwere focused mainly on oil use. While oil use per unitof output fell by 66% between 1973 and

1988, aggregate intensity increased by 50% for electricity and by a smaller proportion for solids.

Between 1988 and 1990, final energy intensitydropped by 3%, while electricity intensity rose by a simi-
lar figure.

3.1. The Structure of Energy Use

To make furtherprogress in understandingmanufacturing energy trends it is necessary to look at

some of the details that lie behind this aggregate picture. The sector's energy use may be describedby
-

. either the physical or economic context in which it occurs. While broadindicatorsof the energy used to
provide process heat, power electric motors, or perform other physical tasks are useful in certain

contexts---for example, evaluating the potential for the cogeneration of heat andpower--the great diver-
sit), of the sector and the technologies it employs complicates both the definition and measurement of

I International Standard Industrial Classification.

2 Both the energy and national accounts data discussed in this section are drawn from Danmarka Statistik.

While Energistyrelsen reports less energy use in manufacturing than Datunarks Statistik (104 vs. 124 PJ in

1988), the masons for this difference are not entirely clear. We use the Danmarka Statistik data because they
provide details on the breakdown of energy use by sector not available from Energistyrelsen.
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generic energyservices. While case studiesof particularfacilities can yield importantinsightsinto tech-
nological trendsand opportunitiesto save energy, the statistics producedby government agencies typi-

cally disaggregateindustrialenergyuse by economic classificationandnot by physical process. For these

reasons, we focus on the sectoral breakdownof energy within manufacturing,not on its allocation by
physical process.

Previousstudies have found thatenergyintensity(energyuse perunitof value added)varies greatly

across manufacturingindustries(HowarthandSchipper, 1991). While value added is dominated by the

productionandassemblyof finishedgoods, energyuse is typically concentratedin theprocessingof basic
materials by thermal, mechanical, and electrochemicalmeans. In most OECDnations, five basic materi-

als industries--the paperand pulp (]SIC 341);chemicals (]SIC 351-2); stone, clay, and glass (]SIC 36);

iron andsteel (ISIC 37l); and nonferrousmetals (]SIC 372) sectors--account for70% of finalenergyuse.

In Denmark,these industriesaccount for 34% of manufacturing energyuse butonly 17% of manufactur-
ing value added.

Since the industrygroupsenumeratedabove are2.6 times as fuel intensive and2.4 times as electri-

city intensive as the rest of the manufacturingsector, changes in their economic importancewould have

significant implicationsfor sectoralenergy use. Between 1973 and 1988, the value-addedsharerose from

2.1% to 2.5% for paperand pulp; from5.4% to 8.9% forchemicals; andfrom0.7% to 1.1% for iron and

steel. The outputshare fell from 7.8% to 4.3% for the stone, clay, and glass sector and from 0.3% to

0.2% in for nonferrousmetals. The share of output originatingin other industrygroups remained nearly
constantat around84%.

To gauge the impacts of such structuralchange on sectoral energyuse, we calculated the develop-

ment of energy use that would have occurredif total manufacturingoutput and the energy intensities of

each industrygrouphad remained constantat their 1972 levels while the outputsharesof each industry

group had followed their historical paths.3 The details of this calculation are explained in the introduc-

tion. On the whole, the results indicate that changes in the structure of the manufacturing sector had only

modest impacts on energy use over the period of analysis (Figure 3-3). While structural change, given
constant output and energy intensities, would have reducedenergy use by 7% between 1973 and 1982, a

slight shift back to energy-intensive industries occurredduringthe mid- to late-1980s. Structuralchange

had little impact on oil and electricity use, while the use of solids would have declined by 26% between

1973 and 1988 given constant output and energy intensities. The decline for solids was due mainly to the

decreasedoutput share of the stone, clay, and glass industry, which accounted for 66%of manufacturing
solids use in 1973.

3.2. Energy Intensity

More important were changes in the energy intensities of the various manufacturing industry

groups. Between 1973 and 1988, energy intensities fell by 42% for paper and pulp; 75% for chemicals;
29% for stone, clay, and glass; 68% for iron and steel; 59% for nonferrous metals; and 12% for other

3 The1972baseyearis chosenforcompatibilitywithsectorswhereenergy-usedataarenotavailablefor
1973.
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industries(Figure 3-4). The level of final energy use given constant (1972) manufacturingvalue added
andoutput sharesbut actualenergy intensifies would have fallen by 30% between 1973 and 1988 (Fig-

ures 3-5 and 3-6). Oil intensity, adjustedfor structuralchange, fell by 66% between 1973 and 1988. A

substantialincrease occurredfor solids, while structure-adjustedelectricity intensityrose by 50% (Figure

3-7). Althoughthedetaileddataonwhichthesecalculationsdependextendonlyto 1988,little structural
• change occurredbetween 1988 and 1990. Thus the 3% 1988-1990 reduction in aggregate final energy

intensityreportedabove---andthecorresponding3% increaseinelectricityuseperunitofmanufacturing

valueadded--areindicativeofchangesinenergyintensitiesattheindustry-grouplevel.
lm

Considerationoflong-termtrendssuggeststhattheenergyshockshada significantimpacton

developmentsinenergyintensity.Manufacturingenergyintensity,adjustedforstructuralchange,fellby

1.6%/yrbetween1966and1973.The rateincreasedfollowingtheenergyshocksto3.1%/yrbetween

1973and 1979and5.4%/yrbetween1979and1983.Between1983and1987,however,structure-

adjustedintensityincreasedby 3.7%/yr,althoughanapparentdecreaseof8% occurredbetween1987

and1988.Whetherthe1987-88reductionwasrealorduetoshortcomingsinthedataisnotaltogether

apparent.The rateof changeinstructure-adjustedenergyintensitybetween1983and 1988was

-l.0%/year.

3.3. Primary Energy Use Trends

The calculations presented above arebased on finalenergy, ignoring the transformationand distri-

bution losses occurringin the energy sector. To gauge the evolution of the mta]direct and indirect energy

requirementsof the manufacturingsector, we evaluatedthe impactsof changes in industrial structureand
energy intensifies on primary energy use as defined in the introduction. The results indicate that the

trends for final and primary energy were similar in shape but different in magnitude (Figure 3-8).

Because of the strong relative growth in electricity use, primaryenergy use showed no net decrease

between 1973 and 1988, while finalenergy use declined by 20%. Energyintensity, adjustedfor structural

change, decreased by 15% for primaryenergyand 29%for finalenergy. The impactsof structuralchange
were small for both energy aggregates.

3.4. Interpreting the Results

The analysis presented in this section raises a numberof interesting questions. First, why did elec-

tricity intensity grow so rapidly in Danish industry? Industrialelectricityprices peaked in 1974 and then

. fell by over 50% as of 1988.4 All else equal, this decline hada stimulative influenceon elecuicity utiliza-
tion. An analysis of technological trendsin Danishindustry,however, shows that other factors were also

at work (Andersen et al., 1991; see also Mikkelsen, 1987). In the 1960s, Danishmanufacturingwasdom-
" inated by small, labor-intensive establishments. The 1970s and 1980s saw the introductionof modern,

larger-scale technologies more in line with Europeanstandards. In such facilities, human labor was

replaced to a significant degree by the work of machines powered by electricity. Hence the increase in

electricity intensity reportedheredoes not necessarilyindicate reducedtechnical efficiency.

4 Industrial energyprices arediscussed in furtherdetail laterin the paper.
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A second question relates to the plateau in energy intensity that occurredduring the mid to late
1980s. The reductions in oil prices that occurredduring this period certainly softened manufacturers'

direct concernfor saving energy. As we noted above, however, substantialimprovementsin energypro-

ductivity were achieved in the 1960s and early 1970s, a period of low and stable energyprices. Over the

long term,energy intensity is shaped not only by price-inducedfactorsubstitutionbut also by technologi-

cal developments that reduce requirements for ali inputs, energy included (Ingham et al. 1991). New

technologies, however, are incorporatedinto the stock of capitalequipmentonly when new factoriesare
burr or old ones areretooled. Inthe late 1960s andearly 1970s, manufacturingoutputgrewby more than

4 %/yr,providing rapidpenetration for state-of-the-arttechnologies. In the mid- to late-1980s, on the

otherhand,manufacturingoutputwas stagnant,and the rate of investmentslowed to a crawl. As a result,

theentryof new, more efficient technologies slowed as didthe improvementin energyintensity.

The implications of these trends for future energy use areuncertain. While manufacturingoutput

fell disproportionatelyduringthe recession of the late 1980s, over the long term the shareof GDP ori-

ginating in manufacturing has been relatively constant. Resumed economic growth therefore should

imply renewed growth in manufacturing. While this growth in mm should lead to reducedenergyinten-

sity, the rate of improvement will depend on national policies regardingthe pricing of fuels and electri-
city. Although Danish consumers pay stiff taxes on energy products,privatefirms may credit the energy

taxes they pay against their value-addedtax assessments. The result is that energy taxes are effectively

zero except forprivate households,a fact that reduces the incentive in industryto save energy.
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Denmark Manufacturing Energy Use
Varying Industry Structure
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Denmark Manufacturing Energy Use
Varying Energy Intensities
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4. OTHER INDUSTRY

In addition to manufacturing,there are several industries thatuse significant quantities of energy:

agriculture,mineralextraction, and construction. While we do not analyze these sectors in detail, we
describeprincipal trends in each sector's production,energy use, and energy intersity. Together, these

sectorsaccountedfor 8% of Danish finalenergyuse in 1988 (Figures4-1 and4-2).1

" Onthe whole, energy use trends in these sectorstaken as a groupresemblethose in manufacturing.

Reduced energy intensities led to reducedenergy use even while sectoraloutputgrew substantially. But

. while manufacturingelectricity intensity grew at a rapidrate,electricity intensity was relatively constant

in non-manufacturingindustries, where a large share of energy is used tractors,constructionequipment,

andothermachinerynot well suitedto electrification.

4.1. Agriculture

The agriculturalsector as definedin this reportconsists of ISIC sectors 11 through13 and includes

activities relating to forestry and fishing in additionto fanning. The sector's final energy use increased ..

from 42 PJ in 1966 to 48 PJ in 1973 (Figure 4-3). Energy use fell duringmost of the 1970s and early

1980s, reaching a low of 33 PJ in 1982. By 1988, the level had increased to 37 PJ. In 1973, oil

accounted for 92% of sectoral energy use as comparedwith 8% for electricity andless than 1% for dis-

trict heat. Duringthe 1980s, interfuelsubstitutionreducedthe oil shareto 70% in 1988 and increased the

sharesof other fuels to 4% for naturalgas, 9% for solids, 5% fordistrictheat, and 12% forelectricity.

Agriculturalvalue addedshowed little growth in the late 1960s and early 1970s, butgrew by 63%

between 1973 and 1984. In the mid-1980s, however, Danishagriculturestagnatedwith thenationalecon-
omy. While the energy intensity of the sector increased in the late 1960s, substantial reductions were

realized in the 1970s andearly 1980s. Between 1973 and 1984, energy intensity fell at an averagerateof
7.5 %/yr. In more recent years, however, this trendwas partially reversed,with an intensity increaseof
13% between 1984 and 1988.

4.2. Mineral Extraction

The mineralextraction("mining")sector consists of ISIC sector 2 excluding activities relatedto the

extractionof crudeoil and natural gas (ISIC 20099). In fact, the sector is dominatedby a single facility

engaged in salt extraction. Mining accounted for only 2.6 PJ of energy use in 1973 and 2.2 PJ in 1988

(Figure 4-4). The data, obtained from Danmarks Statistik, indicate an unexplainedjump in energy use
• between 1973 and 1974. Sectoral value addedrose by 22% between 1973 and 1988, while energy inten-

sity fell by 31%. While oil was the dominant fuel in 1973, by 1988 final energy use was 30% oil, 62%
. solids, and8% electricity.

' I As in manufacturing, the economic and en_gy data discussed in this section are from Datunarka Stat/s-
t/k.
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4.3. Construction

The energyuse of the const_.:ctionsector(ISIC50) is somewhatdifficult to ascertain. WhileEner.
gisryrelsenreportsfinal energyuse for recentyears, long-termdataareavailableonly from theDanmarks

Sua/sak (DS) energy z_counts, which count the use of tar and related materials as oil consumption.

Based on a comparisonof the two sources, we estimate that suchnon-energy uses accountfor 60% of the

oil use reported by DS. To approximatelong-termtrendsin com.tructionenergyuse, we use the DS data

but subtractout the estimated non-energyuse of oiL The results indicate that finalenergy use fell from

about 6.5 PJ in 1973 to 4.8 PJ in 1982, v;sing back to 6.6 PJ in 1988 (Figure 4-5). Oil is the majorfuel
w

used in the sector, accounting for an estimated 79% of energy use in 1988. The electricity share was

14%, while gas andsolids accountedfor 1% and 6% respectively. Sectoral outputfell by 14% over the

period, while energyintensity ,,_i'_weda net increaseof 16%.
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$. THE SERVICE SECTOR

The service sector (ISle 6-9) shares characteristics with both the residential and industrial sectors in

terms of its organization and energy-use patterns. As in the residential sector, service sector energy use is

dominatedbytheprovisionof braidingservices--spaceconditioning,hotwater,lighting,and theopera-
tionof electricalequipment.As in industry,energyis used to supporteconomicactivityin an environ-

• mentwheremanagershaveexplicitincentivesto reducecosts. Thisanalogyshouldnotbetakentoo far,
however,since servicesectorenergyuse accountsforonly a smallshareof an establishment'soperating
costs and decisionsregardingenergyusearedecentralizedamongstnumerousindividualswhohave lim-
itedknowledgeconcerningenergyoptions.

Dataon servicesectorenergyusearenotavailableforyearspriorto 1972. In 1972,thesectorused
7S PJof energy,or 13%of total finalenergyuse (Figure5-1). Energyuse fell in the aftermathof the
energy shocks in 1973 and 1979, but the total level did not changesubstantially over time. In 1990,a

year with only 83% of the normal number of heating degree days, final energy use stood at 69 PJ. These

aggregate figures hide interesting details concerning the breakdown of energy use by type. In 1972, off

accounted for 56% of final energy use, compared with 24% for dis_ct heat, 25% for electricity, and 1%

for city gas. The energy shocks led to substantial reductions in oil use, decreasing its share to under 20%

in 1990. Meanwhile, the district heat share increased to 35% and natural gas came to provide as much as

10% of all energy. 1 Between 1973 and 1990 electricity grew from 13 to 26 PJ. As a result of the conver-

sion and distribution losses associated with district heat and electricity, primary energy use grew by 16%

over the period despite the reduction in final energy use.

Available data do not permit a breakdown of sectoral energy use either by economic sector or physi-

cal process. The small share of the building stock heated by electricity tells us, however, that most elec-

tricity is used for lighting, machines, motors, and other electric-specific purposes--a finding confirmed by

Nielsen (1987) and Johansson and Pedersen (1988). These studies provide estimates of electricity utiliza-

tion for particular end uses but lack the time-series data necessary to track historical developments.

As a result, it is impossible to look behind the aggregates to understand the structure of the sector.

At an aggregate level, service sector activity may be measured either in terms of value added or floor

area. Ali else equal, sectoral energy use tends to grow in proportion to floor area since many energy using

activities--the provision of light and space heat, for example--are physically tied to building utilization.

We rely on value added as our activity indicator because it captures the economic orientation of the sec-

tor. Sectoral output, measured in 1980 currency, grew by 38% between 1973 and 1988, from 47% to 53%

• of GDP (Figure 5-2). This growth was not constant over time, but was punctuated by periods of stagna-
tion in 1973-1975, 1979-1981, and 1986-1988.

. Final energy intensity, or energy per unit of service sector value added, fell by 43% between 1972

and 1988. This reduction was concentrated in the 1972-1983 period with no net 1983-1988improvement.

1 The shm'eof service-sectorfloorareawannedbydistrictheatincreasedfrom41% to53% between1977
and 1989 (DanmarksStatistik, BBR), while the shareheatedby oil droppedfrom56% to 359'0.These
changeswereamajorreasonforthechangesthatoc_:urredin thesharesof energyuseattributedtoeachener-
gycerrier.



5-2

Thermal energy per unit of value added fell by 56%, while electricity intensity increased by 31%. Thus

primary energy intensity, which accounts for the losses associated wi_ the production and distribution of

district heat and electricity, showed a net 23% reduction between 1973 and 1988 (Figure 5-3).
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6. PASSENGER TRANSPORTATION 1

This section examines energy use for passenger transport, or travel. Environmental concerns have

focused increasingly on this sector, the growth of which has been important to the rise in air pollution.

Having grown rapidly with increased mobility and automobile use in the 1960s, energy use for travel

comprised 12% of final energy use in 1972. By 1979 this share was still at 12%, but it grew to 15% by

• 1988 as the level of travel grew and energy use in other sectors contracted. Most studies indicate that

energy use in this sector will continue to grow. Hence a clear understanding of the underlying forces in

. this sector is important if policies to restrain growth in this sector are to be effective.

6.1. Activity and Structure

Total travel grew rapidly in Denmark, from around 12 billion passenger-km in 1950 to over 50 bil-

lion passenger-km in 1972. Fueling this increase was rising GDP, but travel grew more rapidly than

GDP: The ratio of travel to GDP nearly doubled during that period. Thereafter travel grew more slowly,

and the ratio of travel to GDP fell slowly to 85% of its 1970 value.

Figure 6-1 illustrates trends in per capita travel by mode. In 1950, Danes stayed at home---or on the

farm---as they each moved only 2700 passenger-km by motorized means (and perhaps 500-1000 km/year

walking and cycling). By 1972, mobility had increased by a factor of 3.5, to 10,040 passenger-km/capita.

This rapid rise was slowed significantly by the two oil price shocks and the associated periods of reces-

sion. Mobility in 1978 was slightly higher (10 700 passenger-km/capita), but the following year began a

significant decline in travel that hit bottom in 1982, driven down by high fuel prices and recession.

Thereafter, Danes started to move again, as fuel prices fell and the economy picked up: By 1990, Danes

were moving 12,500 passenger-km each year in domestic travel, and possibly as much as 1000

passenger-km in foreign travel as well (Trafdo,ninisteriet 1990a).2

Long-term changes in mobility in Denmark, as well as short-term fluctuations, have been driven by

similar changes in the role of automobiles, as Figure 6-2 shows clearly. In 1950, Danes had very few

private vehicles, about 40 per 1000 people. High taxes and other factors prevented large-scale imports of

vehicles. By 1972, however, there were 256 cars (including taxis and light trucks) per 1000 Danes.

Given the high traffic volume--each car was driven about 16,500 km--in total, cars delivered about 7500

passenger-km per capita, or 82% of ali travel in 1972.

Automobile travel and ownership were struck hard by high fuel prices and recession. Per capita

. ownership fell in the early 1980s, and appears to have stagnated after 1988. New car sales fell (and bicy-

cles grew in popularity!). Ministry of Transport figures show a decline in traffic through 1975, a brief

recovery, then a sharp decline from 1979 to 1983 as both the number of cars and the utilization of each

' car fell. Since the number of people per car appears to have declined over the long run as well (see

Appendix B), all these factors together led to a drop in per capita auto traffic from 1978 to 1983, and an

I In thisreport,"ear"refersto automobilesandlighttrucks(varebUer)withundertwotormescapacity.
2 AppendixB gives detailsconcerningour derivationsof thesedata. We usedifferentassumptionsthan

do Danishauthoritiesaboutthe useof automobiles,whichleadsto significantlydifferentfiguresfortotalau-
tomobileCavel.Theseassumptionshavean importantimpactonour conclusions.
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even deepercut in per capita travel by car, from 8250 passenger-kmin 1972 to only 7400 passenger-km
in 1982. After this low point, however, auto traffic (vehicle-km) and auto travel (passenger-km)

increased steadily. Automobile travel surpassed its 1978 peak in 1987 and has continued to rise since
then as weil.

The avenge weight of a Danishcar increasedby only 5%between 1972 and 1989, accordingto data

on thenumbersof cars in different weight classes. This slow change is due in partto the fact that Danish

ears are taxed very heavily on the basis of value and to a lesser extent on weight as weft. These taxes,

which cml increase the ultimate price of a car by nearly 200% over its base price, force Danes to buy
small cars and keep them forlong periodsof time. Similarly,the high cost of obtaininga car meansthat

those cars in the stock areused heavily. As we will see from the international comparison,travel in Den-
mark is characterizedby an unusualrule forautomobileuse.

While the automobiledominates travel, changes in travel by other modes were slow but important,

as Figure 6-1 shows. Bus travel, which accounted for 30%of total travel in 1950, peaked in 1965, fell
back,then grew in the 1970 and 1980s. Rising from 10%of travel in 1972, the shareof buses increased

slowly in the 1970s, jumped after the 1979 oil price increases and subsequentrecession, and peaked at

nearly 16% of travel in 1986, thenceforth declining by to only 15% in 1990 as automobile travel

increased. Similarly, rail, which held 28% of the travel market in 1950, also peaked in 1965, fell back

considerably in the early 1970s, then grew again in the 1980s, surgingafter the auto fuel prices increases
and recession of the early 1980s. However, traffic stagnated in the mid 1980s, and the market shareof

rail fell steadily after peaking again in 1982s. Significantly, the combined shareof bus and rail in total

travel, 16%in 1972, increased steadily through 1982 to 24%, then fell back slowly, but still lay above its

1972 value in 1990. Total per capita travel in rail and bus has increased or remained constant during

most of the 1980s; the rise andfall of the use of cars with both fuel prices and economic fortunesplayed
the key role in swings in total travel, and therebythe sharesof both railand bus travel.

Two other modes of travel account for the remaining small share of total domestic travel. Ship

travel, mostly by ferries, provides about 1% of total travel, but has been declining. Air travel by

scheduled carrieraccounts for about the same share, butits importancehas been risingslowly. Interna-

tional air travel throughKastrup, the airport in Copenhagen, is far more important than domestic air

travel. Accotmting for more than 10 times the fuel consumptionof domestic travel, it is likely that inter-

national air travel for Danes is 10 times the level of their domestic travel.3 Although these modes of

domestic travel are not importantto total mobility in Denmark, they are important energy users because
they are energy-intensive, as we will see below.

As can be surmised from the preceding discussion, the overall rise in travel since the mid 1980s has

been driven principally by automobiles. One reason is the rise in consumer incomes. Another is the rise

in the number of families with two wage earners, a situation that usually forces one member to use a car

to get to work. But work trips are only part of the story. Equally important has been the increase in free-

3 Ifhalfof alidepartingpassengersfromKastrupwereDanesandtheytravelledonaverageasfarasthe
fuelloadingwouldpermik thenreturnedonplanesfueledinothercountries,thentheirtotaltravelwouldbe
inproportionto thefuelusedin Denmarkforinternationaltravel.
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time activities. The 1986 Trafdmndersc_gelsen (Trafffcministeriet 1988) shows that while the pattern of

driving in weekdays is strongly influenced by work trips, a high share of which are taken on public tran-

sport, weekend travel is dominated by family business and free time, and dominated by use of cars. Not

surprisingly, by the late 1980s, cars were increasing their share of travel again.

lt is possible to explain some of the shifts in modes by comparing the cost of fuel for cars with the

• cost of using buses or trains. In 1982, when the share of bus and rail had risen for three years, rail and bus

travel costs had risen 72% and 30%, respectively, over their 1975 levels, while gasoline costs had risen by

. 160%. By 1988, the reverse had occurred: the price of gasoline had risen by only 39% compared to

1980, while the price of riding the bus increased by 125% and rail by 90% (Danmarks Statistik 1985,

1991). These relative price changes, combined with the recession of the early 1980s, certainly explain

pan of the shift towards mass transit in the early 1980s and the shift back to cars.

The decline in the number of people per car, or load factor, has slowed the trend towards rising car

travel. Lund (1975) estimated there were between 2.00 and 2.05 people in a car on average in 1973 (the

load factor). Our own analysis of cross-tabulations from the 1981 Trafdcundersegelsen (Trafduninisteriet

1983), shows that the ratio of passenger-km travelled by drivers and passengers (including children under

16 years) to that travelled only by drivers lay around 1.84. A similar analysis applied to data from the

1986 Survey (Trafdoninisteriet 1988) suggests this factor fell to 1.74 by 1986. 4 One reason for the decline

is the increased number of trips to work where the driver is alone. Others include the fall in household

size (fewer family members) and the slow increase in the number of second cars in a household. The

decline in load factor is significant, because it implies that traffic is increasing more rapidly than travel.

The 1987 analysis of how Danes use time (Andersen 1988) and the companion analysis of time stu-

dies going back to 1964 (Viby-Mogensen, 1990) indicate that total time spent in travel has risen from

under 25 minutes per day in 1964 to as much as one hour in 1987. Time spent for leisure travel (and to or

from services) lies above that for travel to or from work, indicating the importance of leisure travel. Con-

surnption surveys (Brodersen, in Viby-Mogensen 1990) show a steady increase in the share of private

expenditures (excluding housing) for transportation, rising from 7% in 1955 to 19% in 1976. While the

share fell to 16% in the recession year of 1981, it returned to 19% in 1987. Not surprisingly, expenditures

for public transportation fell through 1966 as more Danes took to private cars. These expenditures then

began to increase in the late 1960s, presumably as more Danes flew. As a share of ali transport expendi-

tures, expenditures for public transport fell through 1971, then rose in the recession year of 1981, then fell

back. Both measures of time use and measures of consumption expenditures mirror the rise in travel, the

• shift in shares, the drop in 1981, and the second rise in the late 1980s. By ali measures, Danes are on the

move again!

4 The1981valuethatwederivedfrom1981TrafOcundersegelsen(seeAppendixB)agreeswiththevalue
suggestedbyareportfromVejdirektoratet(Vejdirelaoratet,1981).We estimatedthecontributionfromchil-
drenbasedonthestudybyVejdirektoratasweil.For1986,weassumedaslightlysmallernumberofchildre_
percar,consistentwiththe declinein familysize. Foraliyearswe havealsoaveragedin lightmlcks,whose
loadfactoris assumedtobe 1.4.
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6.2. Energy Use and Intensities

Total energy use for travel lay at 73 PJ in 1972 and rose to 78 PJ in 1978. After the second oil

shock consumptionfell rapidly,hitting a low of under70 PJin 1981, but then it has risenever since (Fig-

ure6-3). Oil dominatesenergy use for travel,althoughelectricity accountsfora small shareof delivered

energyuse (it provided 15% of the deliveredenergyfor passengerrailtravel) in _.988. Automobilesdom-

inate travel, so their gasoline is the dominant fuel for travel, although the number of diesel cars rose

markedlyin the 1980s to nearly 5% of the vehicle stock. By contrast, the number of cars using clean-

burningLPG has fallen to under 10,000, well under 1%of thevehicle stock. .11

Total energy use followed travel patterns closely. Figure 6-4 shows the modal intensifies (i.e.,

energyper passenger-km)of the main travelmodes. Only air travelshowed a significantimprovement,a

drop of 38% in energy intensity, between 1972 and 1988. Automobile vehicle intensity fell (i.e.,

MI/vehicle-km) by over 15% but modal intensity (IVIJ/passenger-km)in 1988 was only slightly lower

than it was in 1972. The decline in the load factor offset most of the energy savings offered by smaller,

more efficient automobiles. Intensityfor rail was also lower in 1988 than in 1972,even if we countelec-

tricity in units of primary energy equivalent. In 1988, the aggregate travel energy intensity in Denmark

lay 2% lower than it did in 1972. hl other words, it took nearly as much energy to move a Dane a kilome-

ter in 1988 by motorized means as it did in 1972.5 Clearly there was little major saving of energy for
motorized travel in Denmark.

The vehicle intensity of the Danishcarfleet fell significantly between 1972 and 1988, by nearly1%

per year (Figure 6-4). Much of the decline occurred after 1980. The vehicle intensity of new cars

decreased as well, by approximately25%. (These new-car figures are derived from tests, which rarely
match on-road figures, but the tests generally indicatewhat will happento on-road fuel economy of new

cars. See Viby-Petersen, 1991.) Whenthe effect of the falling fuel intensity of these new cars is averaged

into the stock, the stock shows clear improvementabove and beyond any uncertaintiesin the datafor both

fuel consumed and distance driven. The internationaltrendtowards more efficient vehicle technology

more than compensatedfor the increasein weight and power in Danish cars. Clearly high taxes, particu-

larthose pegged to theprices of cars,have limited the increasesin powerandweight.

6.3. Summary of Evolution of Energy Use

We can estimate the relative importance of the growth in travel activity (passenger-km), shifts in the

structure of travel (i.e., the modal mix), and the energy intensities of individual modes in changing energy

use for travel in Denmark (Figure 6-5). The rise in travel activity alone caused a 22% increase in energy
use between 1972 and 1990, following a 400% rise between 1950 and 1972. Shifts in the mix of modes,

which boosted travel-related energy use by some 33% between 1950 and 1972, led to a slight decline of

5% in travel energy use by 1988. Changes in the energy intensities of individual modes led to a decrease

in travel-related energy use of 3% between 1972 and 1988, with most of the gain coming after 1985, the

5 Givensignsthattrafficbymotorcycles,bicycles,andwalkingmayhaveincreasedsubstantiallyduring
the 1970sand 1980s,thereductionin energyuseperpassenger-kmmaybegreaterthanwhatwhichis
presentedhere.Walkingandbicyclesmayaccountforasmuchasonethirdof alitripsand109'oof totaldis-
rancetravelled(TrafOa,ninisteriet1990a.)
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year of the peak automobile modal intensity.6 If automobile load factors had not declined, changing

modal intensifies would have reduced travel-relatedenergy use by some 18%, andthe aggregateenergy

intensity of Danish travelwould have declined by nearly 15%. Although the use of trainsandbuses rose
somewhatduring the 1970s and 1980s, we can say that while travel-related technology permittedenergy

savings in Denmark,changesin travel behaviormore than offset those savings. And the impact of modal

• shifts on energy use was roughly the same size as the impactof lower energy intensities of each mode!

This resultchallenges energy and environmentalplannersin Denmarkwho foresee significantreductions

in futureenergy use accompanyingincreases in travel (COWIc.,,tsult 1990a).

What explains the apparentbehavior of the componentsof travel-relatedenergy use in Denmark?

Fuel prices in Denmark inc_; the real price of motor gasoline was more than 30% higher in 1988

than in 1972, andautodiesel (including taxes) was about 20% higher. There_er real prices tell some-
what, in partto discourage Danes in SCnderjylland frombuying fuel in Germany. The fall in fuel inten-

sity of gasoline cars almost offset the increase in fuel prices, so that it cost only 5% more to pay for fuel
forone kilometer in 1989 thanit did in 1972.

Given the cost of travel in Denmark, it may seem surprising that load factors in cars dropped. The

reasons, however, are clear, as we noted above: smaller families, particularlyone person driverhouse-

holds and more two-worker families. Offsetting this trend somewhat has been increased driving for

pleasure, when the entire family tends to be in the car. And it is clear that when real fuel prices were at

their highest level in the early 1980s, Danes drove considerablyless. Gradually, however, they appearto

have adjustedto this level of prices, as theircars became less fuel-intensive, and their driving returnedto
its historical higher level.

The change in the energy intensifies of other modes are relatively straightforward to understand.

'nae energy intensities of rail and bus travel are much lower than that of car travel, so changes in fuel
prices areless importantto these modes. But the rise al _ fall of travel in these modes affects load factors.

Since the energyuse per vehicle is almost independentof its load, a rise in the numberof passengers per

vehicle reduces the energy use per passenger. Air travel is different. Fuel prices are a large part of the

costs of running airlines. Hence, improvements in this sector were large, driven principally by world-
wide improvements in the fleets of airliners (Schipper and Meyers et al. 1992). In fact, the ratio of

passenger-kmto vehicle-km in domestic flights in Denmarkfell somewhat,which would have increasea

energy intensity, had the fleet of aircraftnot improvedas it did.

• 6.4. Implications

We found that little energy was saved for travel in Denmark between 1972 and 1988, despite
. improvements in vehicle efficiencies of cars and aircraft. We also noted that travelcontinues to increase

in Denmark, although its evolution is marked by changes in fuel prices and costs of travelling by other
modes, as well as by economic swings. Yet given the high level of taxation of b_th vehicles and travel, it

is not clear what might be done to restrain either travel or energy use.

6 The datado not permit a meaningful evaluation of intensities in the period before 1972or after 1988.
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Certainly,thereare technicalmeans for lowering automobileenergyuse. As Viby-Petersen(1991)

points out, there are already automobiles available on the world and Danish market whose use would

lower average fuel use per km. Viby-Petersen and other Danish sources (such as the Ministries of

Finance and Taxes) seem to propose changes in the taxation of new cars to favor acquisition of light-

weight, safe, fuel efficient ears. Equally important are changes in the variable cost of driving to

discourage some uses: City tolls, higher parking fees, pay-as-you-go insurance, and even higher fuel

prices ali have this effect. We noted that the relation between fuel prices and the cost of using the bus or
the train had a notable influence on the choice between cars and altemative modes of travel. If mass tran-

'9

sport is to play a key role in the future travel plans of Danes, however, considerable economic pressure

(or otherpolicy instruments) must be raised against auto travel and forother modes. Recent discussion of

city roUs in Copenhagen, as well as the new parking costs, may have to be part of the package that

reduces the incentive to use cars. Improving the efficiency of rail and bus transport appears to depend as

much on technology (better,perhapssmaller vehicles) as on increasing the load factors on these vehicles.

Data provided by HT, the GreaterCopenhagen TransportAuthority (Vexoe 1992), illustrate well the

trends in public transportation visible in the aggregate national data. The average numberof passengers

per bus in the HT region was only 17.6, down slightly from 19.3 in 1986. Significantly, total travel by
bus feU in 1989 and 1990 from its level of almost 1.6 billion passenger-km in 1985-1988. These rough

figures indicate falling travel by bus and declining load factors as weU. OveraU,the total number of trips

in HT (bus, S-tog [commuter train], and a combination) dropped from over 300 miUion per year in the

early 1980s to 238 million in 1989 and 1990. HT figures also indicate a slight increase in the modal

intensity of their buses. While other buses, particularly for schools and tourism, may have higher load

factors and continue to provide important services, the trend away from collective travel is ominous if

restraining energy use for travel is important to an environmental strategy.
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Per Capita Travel in Denmark
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Denmark Transport Energy Use, by Mode
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Danish Travel Energy Use
Activity, Structure, Intensity Effects
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7. THE FREIGHT SECTOR1

Domestic freight in Denmarkhas closely trackedtrendsin the economy as a whole. Because freight

volumes in the 1980s grew slightly more rapidlythan did travel, energyuse for freight, while still less

than that for travel, has become progressivelymore important. 2 This is significant, because much of the

discussion about energy use or emissions from the transportation sector in Denmark (and elsewhere)

• focuses on the automobile. As we shall see, the energyintensities of truckfreightin Denmarkperformed
poorly, particularlywhen comparedwith those for automobiles. This developmentis well illustrated by

. Figure7-1, which shows trends in domestic travel and freight activity relative to GDP. And this discus-

sion omits international freight, which may make up 5 times more volume in tolme-km that domestic

freight. Thus the freight sector, which is often neglected in energy studies, represents an important and

growing use of energy.

Figure 7-2 shows the development of domestic freight in Denmark by mode. The level of domestic

freight grew rapidly after World War II, rising from only 4.5 billion tonne-km in 1950 to 10.5 billion

torme-km in 1972 (Knudsen 1975).3 Thereafter the level swung with the fommes of the economy, peak-

ing in 1979, fairing by almost 20% to a low level of 11.0 billion torme-km in 1982, then recovering

steadily to 15.7 billion tonne-km by 1990. (Excluding pipelines, which accounted for half of the growth

between 1983 and 1990, the value in 1990 was 13.8 billion tonne-km.) The ratio of domestic freight to
GDP increased from 0.26 x 103 tonne-km/1980DKK in 1950 to 0.33 x 103 tonne-km/1980DKK in 1972,

then edged up to 0.36 during the 1976-1979 period. In the 1980s, this ratio fell to as low as 0.30 x 103

tonne-km/1980DKK in 1982, recovering only to 0.31 x 103 tonne-km/1980DKK by 1990. This behavior,
first a rise in the GDP intensity of freight, then a slow decline, is found in many countries. Were we to

include ali overseas freight, it is likely that this ratio would show much slower growth, since Denmark

was already an important trading country in 1950. In other words, the trends we are studying reflect prin-

cipally the development of the domestic economy, particularly the enormous increase in the shipment of
goods by truck over shon distances.4

The modal shift in the composition of freight reflects this change, too. Whereas rail provided

almost 50% of ali goods movements in 1950, that share fell to only 18% in 1972. The same fate awaited

shipping, whose role fell from 1950 through 1972, settling on about the same share as rail by then. At the

same time, truck freight increased in volume more than six-fold, increasing its share to around 75% of

freight in 1978. This share dropped to around 70% of shipments for the period after 1983. Domestic

Danish freight became almost totally dominated by road traffic. International freight, by contrast, is led
o

I In this report, "truck" refers to both small and medium-sized trucks (varebiler abovetwo tormes) and ali
heavy trucks(lastbiler).

. 2 If we exclude the contribution of pipeline activity to total freight volume, total travel grows more than
total freight. However, energy intensity for aggregate freight in 1988 was higher than in 1972,so the share of
freight-related energy in total energy for transportationincreased.

3 Truck freight through 1979 was adjusted (Trafdaministeriet1990a) to reflect anew method of accounting
introduced in 1979, in accordance with a Ministry of Public Works internal memo of January 1984. Using
this memo and figures from the Ministryof Traffic (Trafdoninisteriet 1990a), we obtained a consistent series
1970-1988.

3 With pipelines, this ratio stabilized at0.34.

4 These figures include transit rail freight, which made upless than39'oof the total by 1990.
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by shipping(Trafikministeriet 1990a).

Pipeline shipmentsof oil andgas, excluded fromthese figures,were firstrecordedin 1984 andactu-

ally reached over 10%of total freight including pipelines by 1990. This is importantsince naturalgas

substitutesfor domestic or importedoil in boilers, and providesan importantexportas weil. Some of the

freight activity representingshipments of oil is recordedin ourdomestic freight, as is the energyused for

this freight. Unfortunately,no figures forthe energy requirementsfor utilization of pipelines are avail-
able, so we mustexclude these fromour energyanalysis. This means that we have underestimatedsome-

what energyuse fordomestic freightin Denmark.

What is driving the shift to trucks? Two factorslay behind this shift. First, data fromthe Ministry

of Transport5 indicate that increasing numbers of goods are shipped over shorterdistances, for which
trucks are ideally suited. Second, the same dataalso indicate that truckshave been operating at progres-

sively lower load factors, with more empty backhauls(SOrensen1991). Third, less bulk andmore bytes,

i.e., high value-addedarticles, are being shippedin most domestic economies (Griiblerand NakiCenovi_

1990). These smaller shipments also favor trucks. This high value puts an increased premium on time,

which means that more trucks, particularlysmaller tracks for rapid local collection and distributionof

goods, are used. As a result, trucks carrymore and more freight, in smallervehicles, every year, a shift

that is clearfrom the Ministrydata.

Total energyuse for freight is poorly known because of uncertaintiesover trucking,as we note in

AppendixB. Nevertheless, Figure 7-3 gives a fair representationof the distributionof total energy use

for freight by mode. The dominationby trucks is clear. All of the energy is provided by oil products,

electricity being assigned to electric passenger trains and transit.

The energy intensities of Danish freight modes vary in puzzling ways that reflect both real changes

in freight conditions as well as wide uncertainties in data (Figure 7-4). The intensity of rail freight fell

during the period 1972-1988. But during the early 1980s, when the volume of freight fell by 20%, inten-

sity increased, as trains were underutilized. The intensity of domestic shipping, on the other hand, fell

through 1981 but rose in the mid to late 1980s, although a net improvement occurred between 1972 and
1988.

The energy intensity of trucks increased substantially, beyond attribution to the uncertainties impli-

cit in the data. Truck energy intensity was around 3.93 MJ/tonne-km in 1972, above average by interna-

tional standards, and then climbed steadily to a peak of 5.3 MJ/torme-km in 1984 before falling to around
4.5 by 1988. At first it is tempting to reject this finding,yet it is consistent with other data (SOrensen

a

1990; Sommer 1992) showing both a fall in the load factor of trucks as well as a decided shift towards

smaller trucks. Quite simply, total vehicle-km for trucks increased considerably faster then the total

tonne-km shipped, raising energy proportionately. As a result of all of these changes, the energy required
to ship one tonne of freight in Denmark rose steadily after 1979.

5 Thedatabasewasmadeavailableto thisprojectbyScrensen(1991).TheMinistrypublishesmanyof
thesefiguresinTransportsta_istik,a yearlyhandbook(Trajikministeriet1990b).
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Our analysis permitsus to separatethe components of changes in energy use for freight, excluding
pipelines. Figure 7-5 smnmarizesthe findings. Increasedshipments alone increased energy use by 28%

between 1972 and 1988 given constant sectoral structure and energy intensifies. Note, too, that the

overall volume of freight experienced wide swings, driven by cyclical changes in the economy as a
whole.

• Shifts among modes, principallytowards trucks,boosted energy use for freight by 10% between

1972 and 1988. (By contrast,the increase fromthe sameeffect in theperiod between 1950 and 1972 was

, close to 20%.) Changesin modal energy intensities alone raisedfreightenergy use in Denmarkby almost

12% between 1972 and 1988. Almost all of this change was caused by the changes in the energy inten-

sity of trucks that took place after 1978. Ali in all, 28%more energy was requiredto move freight in

1988 thanin 1972. Hencein Denmarktherewas no energy saved in freight; the slight decrease in volume

(excludingpipelines) was offset by an increased, though small, shift towards trucks. While these results

are open to some question because of data problems, independent study of the structureof truck use

confirmsthe shift to smallertrucks anddecline in truckloadings as likely causes of the increase in energy

intensity for this importantmode. And it is clear that changes in all threecomponents--activity, structure,

andintensity--drove energyuse upward.

The rising importanceof fuel consumptionfor freight,particularlyin trucks, challenges policies that

aim m restrainboth energy use and resultant emissions. While there are many proposals and designs for

great improvementsin the engines and emissions of ali si:es of trucks(Schipper and Meyers et al. 1992),

there is little encouraging evidence that such improvements are being realized. Certainly the energy

efficiency of individual vehicles has improved over the past two decades. But changes in how freight

vehicles have been used caused changes in energy use that morethan offset the savings available. Unfor-

tunately, this trend is found in many if not most industrializedcountries (see Chapter9). The continual

shift of freight to smaller trucks and the shrinkingof loads really representsa tradeoffof energy for time.

The growth in fuel use for trucksis due in large partto rapid growthin the importanceof smallertrucks

(varebiler) of between two andsix tonnes capacity, whosediesel andgasoline use cannotbe distinguished

from the fuel use of heavy trucks fortheentire time period.
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Energy Use for Freight in Denmark
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Energy Use for Freight in Denmark
Activity, Structure, Intensity Effects
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8. SUMMARY: INTEGRATING THE RESULTS

Policy-makers in every country have asked: what are the quantitative results of improved energy

efficiency? This question cannot be answered by examining a country's overall energy/GDP ratio because

the energy use/GDP ratio is clouded by effects not related to changes in individual energy intensities

(Schipper and Meyers et al. 1992; Schipper i991a; Schipper 1991b). Certainly, per capita energy use in

. Denmark was lower in the 1980s than in 1972 (Figure 8-I). However, for a complete understanding, we

must quantify the impact of changes in individual energy intensities on sectoral energy use, as well as

gauge the impact of structural change itself on sectoral energy use. To do this, we turn first to a review of
t,

the sectoral findings and then to more detailed calculations that separate most of the effects of changes in

structure and activity from those that arise principally from improved energy utilization. The first calcu-

lation uses the sectoral findings that show how much changes in energy intensities alone reduced (or in

some cases, increased) energy use. The second method estimates how much energy use would have been

in 1988 had energy intensifies not decreased (or increased). Since downward changes in energy intensi-

fies are related to "energy conservation", both of these calculations offer a useful measure that can be

evaluated over different time periods or compared with results from other countries. Despite their imper-

fections, these calculations illustrate the impact of reduced energy intensities on total energy demand far

better than the aggregate numbers.

8.1. Review of Sectoral Findings

Significant reductions in fuel intensity were achieved in the Danish residential, service, and

manufacturing sectors between 1972 and 1988, while electricity intensity rose rapidly (Figures 8-2 to 8-

4). Figure 8-5 shows that year-to-year behavior of these intensity indices. The rise in electricity inten-

sity, of course, need not imply reduced efficiency in end-use technologies; instead, the growth may be due

to fuel switching and the increased penetration of electrical equipment. The provision of energy services

grew substantially in these sectors with the affluence afforded by economic growth. On balance, final

energy use decreased by 6% to 26% in these sectors while electricity use grew by 77% to 112%. The

changes in primary energy use ranged from a 10% decrease to a 24% increase.

The other industrial (combined agriculture, mining, and construction) sector differs from this pat-

tem. Although final energy intensity fell by 21%, there was essentially no growth in sectoral output.

Electricity is not an important energy carrier in this sector. As a result, final and primary energy use

trends are closely similar.

• The travel and freight trarmponation sectors also break the mold. In travel, structural change

reduced energy use by about 4%, and energy intensities lowered energy use by a similar degree. Thus

. sectoral energy use was most strongly influenced by a 24% increase in travel activity. In freight, the level

and structure of sectoral activity both changed in ways that increased energy use by nearly 40%, as did

energy intensities, which alone caused a 12% increase in energy demand.
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8.2. Detailed Intensity Calculations

The first of our detailed calculations shows what Danish energy use would have been if energy

intensifies had matched their 1988 levels but the level and structureof energy-using activities were in

their 1972 configuration.This is done by summing the effects of changes in energy intensities, sectorby

sector,on total energy use. By comparingthis hypothetical level of energy use against the actual 1972

level, the impactsof intensity changes between 1972 and 1988 become apparent. Figures8-6 through8-8

show the results of this calculationover time applied to finalenergy use, electricity alone, andprimary

energyuse as weil. This quantifiesthe overall impactof lower energy intensities on Danishenergy use,

with structureand activity measures in each sector remaining constant. Using this method, we startby
noting that in 1972 primaryenergydemandin Denmarkfor the sectors we studiedtotaled 757 PJ. Recal-

culating this demandusing the lower 1988 energy intensifies foreach sector yields a demand of 597 PJ.

As shown in Table 8-1, this is a 21% reductionin primaryenergy. We also calculatedthat between 1972

and 1988,energy intensity reductionswould have reducedfinalenergyuse in 1972by 31% and increased
electricity use by 33%.

The second calculation estimates how much energy would havebeen used in Denmarkgiven 1988

activity and structurebut 1972 energyintensities. By comparingthe result with actual 1988 energyuse,

one obtains a gauge of the energy savings achieved by reductionsin energy intensity over the period.

This second calculation takes into account the fact that changesin the level and structureof energy-using

activities on balance raisedenergy use between 1972 and 1988. Using this calculation, primaryenergy
use in the 6 sectors would have reached 1022 PJ, about 30% higher than it actually was, in 1988.

Equivalently, intensity reductionsover the period reducedthe level of primaryenergy use by 24% (Table

8-1). Note that for freight, there were no savings, i.e., with actual energy intensities, more energywas
used in 1988 than would have been used at 1972 intensities. We also calculated that between 1972 and

1988, growth in energy-using activities would have increased finalenergyuse by 32% and electricityuse

by 41% given constant 1972 energy intensities.

Neither of these calculations is perfect, however. These methods ignore the interactions among

intensity, structure,and activity that took piace in the real world. For example, had Danes not reduced
their use of energy for space heating markedly,they would have had to reduceexpenditures for other

goods and services in orderto pay for space heating. And if Danes had not bought automobiles in the

1975-1988 period that were less fuel-intensive than those they drovein 1972, the cars they drove in 1988

would have used more fuel perkilometer, lt is likely they would have driven less than they actually did
in 1988 with such cars, in order to reduce their expenditures for fuel. These effects should be bome in

m

mind when interpreting our results.

8.3. Danish Energy/GDP Ratio

Between 1972 and 1988, the Danishenergy/GDP ratio declined by 38% in terms of finalenergyand

28% in terms of primary energy. However, these decreases are significantly largerthan the energy inten-

sity declines we calculate above, indicating that the energy/GDPratio should not be construed as a pure

indicator of changes in energy efficiency. The reason for such differences is straightforward:real GDP

grew by 44% over the period, significantly more than the growth in energy-using activities. Put another
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way, the ratio of energy use to GDP in Denmarkfell 8% becausegrow_ in energy services was slower
than growth in GDP. The energy/GDP ratio fell both because of reductions in energy intensifies and

becauseof relativelyweak growthin energy-usingactivities.

8.4. Denmark's Energy Efficiency Plateau

• The development of energy-using activities and energy intensities was not consistent over time.

The growth in energy services, for example, slumped during the sharprecession that fell on the Danish

economy afterthe 1979 oil price shock. More striking,however, is the developmentof energy intensity.

While reducedenergyintensities would have led energyuse to decline by 3.1% per year in termsof final

energyand2.2% peryear in terms of primaryenergy between 1972 and 1981 given fixed specific activity

levels, little change has occurred in more recent years. This means, in effect, that although Danes

managed impressiveimprovementsin energyefficiency in the 1970s and early 1980s, this progress came

to a standstill as energyprices eased in the mid-1980s (Figure 8-9).

The behavior of either of these measures of intensity over time shows that increases in energysav-

ing, as we measure ithere, were concentratedinto two importantperiods following each oil shock. Using

the second measure, for example,savings rose to 9%of actualuse by 1975, then increased slowly to 14%

of use by 1979. The following year savings shot up again to 23%,then increased untilhitting a maximum

of 32% of actual energy use in 1984. That is, the Danish economy would have used 32% more primary

energy in six major sectors than it actually did in 1984 hadnot energyintensities fallen. After 1985, how-

ever, the rate of savings fell back, failing below 30% between 1985 and 1987, then returningto 31% in
1988.1

Overall,these detailed calculations show that the impact of lower energy intensities reached a max-

imum in the mid-1980s and thenfell back somewhat.Energy efficiency in Denmark,to the broadextent it

is related to energy intensifies, seems to have hit a plateau.

I The figures for 1985-1987 are affected by the uncertainties in the manufacturing sector.
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Table 8-1: Energy Savings in Denmark 1972-1988

Method One

Energy Use (PJ)

Actual 1972 1972 Activity & Structure

Sector EnergyUse OY) 1988 EnergyIntensities % Difference .

Residential 297 196 -34%
,a

Manufacturing 176 154 -13%

OtherIndustry 70 59 -16%
Services 106 81 -24%
Travel 75 71 -5%

Freight 33 36 +8%

Total Primary Energy 757 597 -21%

Method Two

EnergyUse (PJ)

1988 Activity & Structure Actual 1988

Sector 1972Energy Intensities Energy Use ft'J) %Difference

Residential 418 264 -37%

Manufacturing 222 187 -16%

Other Industry 71 59 -17%
Services 170 132 -23%

Travel 90 84 -7%

Freight 51 56 + 10%

Total Primary Energy 1022 782 -24%
I

Method One: Energy demand with the structureand activity levels of 1972 but energy intensities of

1988. The difference shows the impact of changes in energyintensities between 1972 and 1988, other
factorsheld constant.

Method Two: Energydemand with the structureand activity levels of 1988 but the energyintensities of

1972. The difference shows how much energy was saved relative to the level thatwould have prevailed

in the absenceof intensityreductions.
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9. INTERNATIONAL COMPARISON

There aremany importantreasons for comparing the structureand efficiency of energy use in Den-
mark with that of other industrializedcountries. One obvious reason is political. In the international

community countries are positioning themselves for the United Nations Conference on Environment and

Development (UNCED) and beyond. Points of competition among nations are both the present state of

, energy efficiency as well as future plans for improvements. Each nation needs to know where the others
stand.

There is also a very practical reason for understanding differences between energy use in one's own

nation and elsewhere. Certain energy use patterns in another country may resemble those that form the

goals at home. Understanding how the other country arrived at a particular pattern may provide insights

on how to steer one's own course. For example, careful study of the efficient state of housing in Sweden

led to many ideas for promoting efficiency in the U.S. (Schipper, Meyers, and Kelly 1985). Such interna-

tional study may turn up important technologies that save energy as well as key policies that promote

energy saving.

The final reason for undertaking cross-country comparisons of energy use and efficiency is to iden-

tify boundary conditions in highly efficient countries. That is, the inter-country differences in some par-

titular policy parameter are often great enough to permit policy analysts to isolate the effects of that

parameter on a particular energy use. For example, Denmark has very high taxes on automobiles and

authorities in other countries considering such policies could learn a great deal from studying the Danish

experience. In the U.S. there is great interest among some policy analysts in understanding how energy

use for travel could be reduced significantly. Onemethod is through gasoline taxes. Unfortunately, there

is virtually no modem experience in the U.S. with fuel prices as high as those in Europe. Only study of

Europe can illuminate how individuals andsociety as a whole adjust to higher energy prices.

The following comparison of energy use in Denmark and other countries aims to satisfy ali of these
purposes. We will show how energy use patterns in Denmark differ from those in other industrialized

countries. We will briefly compare the sectoral trends in the structure of energy use in Denmark and
other countries. We will also compare key energy intensifies in Denmark with those in other countries.

We shall see that while Denmark was a relatively energy-intensive country in 1972, energy saving, as

well as some structure change, has markedly reduced energy use in Denmark. Energy savings in Den-
mark are now among the highest in OECD countries.

. 9.1. The Residential Sector

Danes enjoyed some of Europe's largest and most well-outfitted homes in 1972. However, these

• homes were inefficiently heated. After two oil crises and much conservation activity, though, Danish

space heating intensity fell to one of the lowest levels in Europe, while Danish-made appliances began to

take honors world-wide for their efficiency. While families in other countries narrowed the gap some-

what, the comfort in Danish homes in 1990 was still among the very highest in Europe. Tl_i.'ssection
explores how household energy use in Denmark compares with that in other countries.



9-2

In 1972, Danish households had a relativelyhigh standardof comfort,as measured by house area

per capita (Figure 9-1).1 Penetrationof central heating was over 90%. Compared to Sweden, Danish

homes were actually larger,but the penetrationof central heating was lower. However, Danish standard
of living was more "advanced"thanthat of Norway or theWesternEuropeancountriesoutside of Scandi-

navia: largerhomes, more central heating, and more electric appliances. Per capita home areain these

countries grew slightly faster thanit did in Denmark,but, as the figure shows, thegap between Denmark

andothercountries in We,stem Europewas still significant in the late 1980s.

In 1972, Danishhomes were well equipped withelectric appliancesby WesternEuropeanstandards,

hut had somewhat fewer (and smaller) appliances than did homes in Sweden (Tyler and Schipper 1990).

Electric appliance holdings in Denmark expanded rapidly in the early 1970s, then slowed in the early

1980s, an apparent consequence of slow economic growth. By contrast, appliance ownership grew

rapidly in Norway, France, and West Germany duringthe same period (Tyler and Schipper 1990), nar-
rowing the gap with Denmark. By 1990 ownership levels of majorappliances were similarthroughout

WesternEuropeand Scandinavia.

9.1.1. Fuel Mix

In 1972, Danish homes were critically dependent upon oil, as Figure 9-2 shows. Sixty-two percent

of Danish homes used heating oil, LI_, or kerosene (petroleum) for space heating in that year. While

Sweden had a higher shareof heating systems reliantdirectlyon oil in 1972, Denmark hada highershare

of oil, kerosene, and LPGuse in the residential fuel mix. As a result, total residentialoil use per capita in

Denmarkwas the highest in Western Europe.

The reduction in oil use in Danish homes that occurredafter 1972 was drastic. The principal cause

of thedrop in total residential oil consumption in Denmark was an approximately 50% decline in specific

consumption for this fuel. This decline appearsto have been the greatestdrop in the specific consump-
tion of any heating fuel in any major OECD country. Figure 9-3 shows that over 50% of the homes were

heated directly by oil in Denmark (as well as in West Germany)through themid 1980s. In contrast, the

shareof homes heated directly by oil tumbled drasticallyin both Sweden and France startingin the late

1970s. Although massive substitutionaway from oil set in after 1985, the penetration of oil heating in
Danish homes stillremains (as in West Germany) the highest in Western Europe.2 But with the unit con-

sumption of oil so low, and the share of homes using oil now falling rapidly, total oil consumption in

Danish homes is heading downward. As Figure 9-3 shows, the share of oil in household energy use in

1989 was close to that of most other European countries that were initially dependent upon oil for most
residential energy (France, West Germany, and Sweden). By 1990, the backout of oil from Danish homes

was one of the most thorough experienced.

1 The area for Denmark, "samlade utnyttade area/", appears to include some commercial space and other

spaces not always heated. Using this definition, Danish homes were over 107 m2 in 1989. This may put
Demnark's figures about 10% too high. That is, the figure for the average Danish dwelling that would be
comparable with those from other countries is probably about 98 m2, about 10% less. Using this figure
would boost the heating intensity by 10%, as shown below.

2 See Schipper and Ketoff, 1985.
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In 1972, Denmark had the highest share of homes in the OECD heated with district heat. District

heating was an important factor holding the dependence of Danish homes on direct oil heat from reaching
even higher levels in the early 1970s. A consequence of the high penetration in 1972, however, was that

changes in the share of homes heated with district heat after 1972 came slowly. Nevertheless, by 1990,

fully 45% of ali Danish homes were heated this way, a high level shared only with Finland and Sweden.

Interestingly, the penetration of district heat into single-family dwellings in Denmark is the highest in
R

Western Europe.

Electric heating has remained relatively unimportant in Denmark. While far over 33% of homes in

• Sweden, 30% in France, and 20% in the U.S. relied on electricity for their principal heating source in the

late 1980s, the share for Denmark is less than 8%. Certainly the Danish Heat Planning Law is one reason

for this.3 But the high price of residential electricity in Denmark is another reason,_aspointed out in Tyler

and Schipper (1990). In Holland and West Germany, high electrieiW prices, relative to those of other
fuels, have also discouraged the spread of electric heating.

9.1.2. Energy Use, Energy Intensities, and Efficiency

By internationalstandardshousehold energyuse in Denmark was high in 1972. Figure9-4 shows

each major end use for Denmark andother OECD countries.4 Denmark's residential consumption ranked

second, after the United States. Given the large size of Danish homes, its position vis-a-vis other coun-

tries in Europe is not surprising.

By 1988, however, the picture had changedconsiderably. Per capita householdenergy use in Den-

markfell to lower than the level in either Norwayor Sweden,two countriesthat saw a very high penetra-

tion of electricity (and district heat in Sweden) that helped reduce oil use as well as delivered energy.

Note, too, that energyuse percapita in Norway and Sweden as well as in theEU-4 (Italy,France,Britain,

and West Germany) and Japan as well, increased over this period, while it fell only in Denmark and the

U.S. The increase in the penetration of central heating and appliances ownership in the EU-4 and of ali

energy-based amenities in Japan was more rapid than in Denmark, which explains some of the reason

why the gap in energy consumption between Denmark and most other countries narrowed. More impor-

tant, however, were the declines in key energy intensities in Denmark, as discussed in the chapter on Dan-

ish residential energy use.

For example, in 1972 Danish homes had one of the highest space heating intensities in the OECD,

as Figure 9-5 shows. If we only compare single-family dwellings centrally heated with oil, then Den-

mark, West Germany, France, and the U.S. ali lie very close (Schipper and Meyers, et al. 1992). Clearly

3 California has a similar law restricting electric heating to cases where insulation is so well applied that
one can show that small electric heaters yield the lowest lifeeycle heating cost for the owner.

a

,1 In our international data base, Denmark has 3141 degree days (DD) to base 18C in a normal year. For

comparison, West Germany has 3116DD, Sweden and Norway nearly 4000, the U.S. 2600DD, and the EU-4
(Italy, France, U.K., and Western Germany, weighted by population) 2700 DD. The Danish index is calculat-
ed as the Energistyrelsen index plus 450 degree days (see Appendix A). For this comparison, we have sealed
energy use for space heating to 2700 Deg-Days Celsius, the average of the EU-4 and close to that of the U.S.
This adjustment lowers the figures for Norway and Sweden by some 40%° lowers those of Denmark by about
10%, and increases those for Japan by 509'0.
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the high heating intensity for Denmark is explained in part by a high level of central heating, and, at least

in 1972, high indoor temperatures. But by 1985, space heating intensity in Denmark had declined more

than in any other OECD country, even when only homes with central heating are compared. Even after a

slight rebound in space heating intensity (still subject to some data uncertainties) in the late 1980s, Den-

mark now has one of the lowest space heating intensities, lying close to those of Sweden and Norway at

near 120 KJ/m2/degree day. And while there are few direct measurements, we believe that the intensities

of fuel or electricity used for water heating in Denmark also decreased more rapidly than those of other
countries.

D

Household electricity use per capita in Denmark is markedly lower than electricity use in other

countries in Scandinavia or in the U.S., but lies close to average for Western Europe and Japan (Figure 9-

6). Denmark has a very high share of electric cooking, but a very low share of electric heating or water

heating by European standards, which explains in part the distribution of electricity sales that are indi-

cated in Figures 9-3 and 9-6. Growth in electricity use was moderate in Denmark compared to other

countries with even higher prices such as West Germany, Italy, and Japan and far below the_rates of

growth apparent in Norway, Sweden, and France, where increases in electric space and water heating

were especially strong. (The reverse in the U.K. was caused by the entry of natural gas, which dislodged

electricity from significant positions in both space- and water-heating markets.) Given the structural

increases driving electricity use in Denmark, it is clear from the international comparison that increased

efficiency played a prominent role in restraining growth in household electricity demand.

The decline in the intensity of electric heating seen in Denmark also seems to have been experi-

enced in France and the U.S., two countries with relatively important markets for electric heating, as well

as in West Germany, with a small electric heating market based mostly on night-time storage heating. In

Sweden and Norway, ve_ little decline in the intensity of electric heating in existing homes was

observed, but electricity prices were low in both countries for most of the period we observed. In Den-

mark, as well as in France and Sweden, eamest efforts were undertaken to reduce needs for space heating

in homes using electricity, efforts that paid off. In the U.S., electric heat pumps captured a significant

share of heating in new single-family dwellings, lowering the average electricity use for heating there

significantly.

The evolution of electricity use for electric appliances in Denmark is unusual for Europe (Figure 9-

7). Weighted by 1972 ownership levels, the decrease in average consumption of the six major appliances

(refrigerator, combination refrigerator/freezer ["combi"], freezer, washer, dryer, dishwasher) in Denmark

was nearly 25% by 1988, the largest improvement in stock-wide average consumption for these appli-

ances of any country in our OECD sample. Improvements in the average consumption of new appliances

were even greater. (The Gram refrigerator that appeared in Denmark in the late 1980s is recognized

around the world as the leader in efficiency.) 5

5 Mills(1991b)questionswhetherthere is anysignificantdifferencein the mixof appliancesofferedfor
salein DenmarkandSweden. Danishwashingmachinesuse farless waterthan thoseinSweden,according
to BoysenandMosbaek(1992). They also pointedout that a substantialshareof new freezersin Denmark
are "superinsulated",while none of these have even been offered for sale in Sweden. And a very low
electricity-usingrefrigeratordevelopedby Eleetroluxfor a Swedishgovernmentprogramwill appearvery
soonon theDanishmarketas weil, withno governmentprompting.This reinforcesour suspicionthat appli-
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Two obvious factors help explain the path that residential energy use has taken in Denmark since

1972. One is its aggressive conservation policies, which we have reviewed in a comparative light else-

where (Wilson et al. 1989). Most notable are the wide-reaching retrofit programs and the significant

tightening of thermal requirements (walls) of new homes. Figure 9-8 shows changes in thermal require-

merits in OECD countries over time. 6 Note the 1972 code value in Denmark was high by present Scandi-

. navian standards, but very low compared to the rest of Europe. On the other hand, practices in Denmark

before 1960s appeared to have put little insulation into homes. Hence the codes in 1972 and 1979

represented a large improvement over the average for the entire stock before 1973, a similar situation to

" that in Europe outside of Scandinavia. Thus Denmark had to "catch up" to Sweden, using policies to

accelerate changes that have taken much longer elsewhere in Western Europe.

The other important factor is Denmark's high residential energy prices. Using 1980 purchasing

power parities to convertprices from 1980 real local currency into U.S Dollars (or DKK), 7 we compared

residential oil and electricity prices in Figures 9-9 and 9-10. Because of very high taxes imposed on both

heating oil and electricity in the late 1970s and thereafter, Danes faced the greatest increases in residential

energy prices of anyone in Europe except Italy. While heating oil was taxed heavily in Sweden and

France, electricity was relatively inexpensive in those countries. Conversely, electricity has been expen-

sive in West Germany, but heating oil was only very lightly taxed. Other fuels are also expensive in Den-

mark: prices for district heat and natural gas follow those for oil closely. Hence, Danes have had no

"cheap fuel". They have experienced the greatest upward change in heating fuel prices of virtually any

European nation, changes that persisted through the late 1980s.

Thus, we have seen that in an international context Denmark started the 1970s with high residential

energy intensifies and high living standards, relative to other countries, but finished with moderate or low

energy intensities and even higher residential standards. An aggressive energy-efficiency policy that

combined high prices with building retrofit programs, thermal codes for new structures, research and

development, and an active role of government as coordinator of much of the effort, lay behind this

record improvement among OECD countries, lt remains to be seen whether the same relative improve-

ments can be realized as part of the new Environment Plan.

mw.esboughtinDenmarksreemongthemostefficientin theOECD.At the sametime,ElectroluxScandina-
via (Jonzon1992)warnsthatrefrigeratorsize is an importantfactor,too. MostDanishrefrigeratorsarebuilt
to a 55 cnawidth,andunder160cnainheight,whichcomplicatesaddinginsulation.In all, the reductionin
intensityof householdappliancesin Denmarkis sogreatas tobestronglysuggestiveof ourobservationthat

" appliancesactuallysoldthereneemoreefficientthanthosesoldelsewhere,at leastinSweden.
6 Databasedon buildingcodesforalicountriesexceptU.S.;U.S.valuesarefromasurveyof actualprac-

rices(Schipper,Howarth,andGeUer,1990).
• 7 Theconversionratetendsto lowerthe valueof the krone,makingDanishhouseholdelectricityprices

appearrelativelylow. Recallthatpurchasingpowerparitiestakeintoaccountthat factthatothergoodsand
servicesin Denmark,andnotjustenergy,areexpensive.The conversionfactorwe use, 8.69DKK/$in 1980
money,reflectstheserelativeprices.The marketexchangeratewascloserto 5.7 DKK/$in thatyear, but if
othercountriesmarketrateswereused,Denmark'spriceswouldnotshiftmuchrelativeto Sweden,Norway,
WestGermany,or France,butwouldriseby almost309orelativetoItalyand20%relativeto Japan,andby
50%relativeto theU.S.
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9.2. Manufacturing Sector

Danish manufacturing energy trends are similar in many respects to developments in other nations.

A comparison of Denmark, Norway, Sweden, West Germany, France, the United Kingdom, the U.S., and

Japan (the OECD-8) (Howarth and Schipper, 1991), found that the impacts of changes in manufacturing

output, energy intensity, and industry structure served to reduce final energy use by an average of 18%

across nations between 1973 and 1988 (Figure 9-11). Growth in Danish manufacturing output, which

averaged 1.5 %/yr over the period, trailed only Japan (3.3 %/yr) and the U.S. (2.8 %/yr) among the eight

nations considered (Figure 9-12). Manufacturing output in West Germany and Sweden grew 1.1%/yr
,o

and 1.2 %/yr, while almost no growth occurred in Norway and the United Kingdom.

Energy intensity, adjusted for structural change, fell by 20% to 35% in every nation (Figure 9-13).

The Danish improvement of 29% was close to the 28% achieved in Sweden and a bit better than the 20%

managed in Norway. Structural change had relatively minor impacts in most nations, lowering energy

use by 12% in West Germany while little change occurred in Sweden (Figure 9-14). In Norway, on the

other hand, the development of electricity-intensive industries placed strong pressure on sectoral energy

use.

Despite these similarities, Danish manufacturing differs substantially from the international norm.

The difference is evident in the relatively low proportion of GDP originating in manufacturing--16% in

Denmark as compared with the eight nation average of 24%. Also of interest is the low penetration of

energy-intensive industries, which account for only 17% of manufacturing output in Denmark as com-

pared against 24% in Sweden and 32% in Norway. These statistics arguably underestimate the true

disparity. The energy-intensive industries are not homogeneous, but produce many different products

with varying degrees of energy intensity. In Denmark, the chemicals sector accounts for more than half

of energy-intensive output, yet the energy intensity of this sector is only 13.4 MJ/1980USD versus 43.5

MJ/1980USD in Norway or the eight nation average of 29.9 MJ/1980USD. 8The low energy intensity of

the chemical sector in Denmark is due to its focus mainly on the production of finished products and less

on the production of the chemical building blocks that dominate energy use in most nations.

At an aggregate level, however, the energy/value added ratio of Danish manufacturing is 26% above

the level in West Germany, but 9% lower than the U.S., 44% lower than Sweden, and 62% lower than

Norway (Figure 9-15). These differences persist for the most part when the aggregate energy intensity of

each nation is adjusted to reflect the average output mix across the eight nations (the OECD-8), although

the adjustment lowers energy intensity in Sweden and Norway. The raw materials sector is generally less

energy-intensive in Denmark than in other nations, presumably because the sector is less concentrated on

the most energy-intensive phases of materials processing. For the "other manufacturing" category, how-

ever, Danish energy intensity is twice the eight nation average. One potential reason for the difference is

the importance of the Danish food industry (ISIC 31), which accounts for 25% of manufacturing value

added and 32% of final energy use. While the food sector is less energy-i.aensive in most nations than

s National currencies were convened to USD using 1980 purchasing power parities.
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the raw materials industries, it is more. energy-intensive than the light manufacturing activities that dom-
inate value added in other nations. 9

The trend towards increasing electricity intensity in Danish manufacturing is of special significance.

Electricity intensity, adjusted for structural change, grew by 50% in Denmark between 1973 and 1988. In

no other country was there an increase of more than 13%. Nonetheless, the share of electricity as a frac-

• tion of total energy use in Danish manufacturing (23%) is close to the eight nation average of 22%. In

Sweden and Norway the electricity shares are much higher (37% and 60% respectively), reflecting the

comparatively low electricity prices in those nations. Since Danish manufacturing electricity intensity is

close to the international average, the large increase that has occurred does not imply that electricity

efficiency is low in Denmark.

An examination of international trends in industrial energy prices provides interesting insights into

the determination of energy use. Figure 9-16 shows the development of heavy fuel oil prices measured in

constant U.S. Dollars (USD). Industrial oil prices in Denmark are low by intemational standards, roughly

half the level in Sweden and Japan and lower even than the U.S., often regarded as a low-price nation. In

each nation, oil prices rose sharply following the 1973 and 1979 energy shocks. By 1988, however, Dan-

ish heavy oil prices had receded to the 1973 level, lt is interesting to note that the trends towards reduced

oil intensity in Danish manufacturing persisted in the mid- to late-1980s even though oil prices fell sub-
stantially. This was caused in large part by the entry of gas into the industrial fuel market in 1984.

Figure 9-17 shows the development of industrial electricity prices. In 1988, the Danish price of

0.023 1980USD/kWh matched the level in Sweden but was lower than prices in West Germany and the

United States by roughly 50%. Electricity prices in Denmark have been rather unstable over time, rising

sharply in the mid-1970s as higher oil prices raised the cost of electricity generation. Since 1980, how-

ever, electricity prices have declined by 41%, a change not matched in other nations. The trend towards

increased electricity intensity was undoubtedly facilitated by this price reduction.

9.3. The Service Sector

We are just completing our updated report on service sector energy use in nine OECD countries

(Schipper and Meyers et al. 1992). At this writing, some preliminary conclusions regarding develop-

merits in Denmark compared to other nations can be made.

As in the residential sector, the Danish service sector was highly dependent upon oil heating in the

early 1970s. Figures 9-18 and 9-19 show fuel and electricity intensity in Denmark and other OECD

" countries from 1970 to 1988. Significant reductions in fuel intensity have been observed in almost every

country, as has an increase in electricity intensity. Most of the decline in fuel intensity was caused by

• heat-saving measures. Because of the small share of built space heated with electricity in Denmark (less

9 The highenergyinttmsityandlargeoutputshareof the foodsectorsuggestthatit mightbe interestingto
separateit from the "otherindustry"categoryin thecalculationsoutlinedabove. Wecarded out thecalcula-
tionsusing bothaggregationschemesand foundthat the differencesin the resultswereminor. To preserve
comparabilitywithother nations,we rely on the six sectorbreakdownas the basisof our analysis. Between
1973and 1988,the shareof manufacturingvalueaddedoriginatingin the foodsectorincreasedfrom20% to
24%. The sector's finalenergyintensitydecreasedby309'0,whileelectricityintensityincreasedby 73%.
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than 4% compared with 25% in the U.S. and over 30% in Sweden and Norway), most of the decline in

fuel intensity represents energy saving, although some fuel has been saved as increased use of electricity

for non-heating purposes created "waste heat" that warmed buildings. The increase in electricity inten-

sity, on the contrary, appears to represent electrification, the purposeful increase in the number of

electricity-using devices per m2 of building space. While such relative increases have been observed in

Sweden and Norway, most of the increase is accounted for by the higher penetration of space heating.

9.4. Passenger Transportation 1°

Denmark has one of the lowest values of per capita energy use for travel of the major countries in

Europe, and Danes have a relatively low level of domestic travel using motorizedvehicles. One reason

for Denmark's low per capita energy use is a clear improvement in the fuel intensity of Danish cars that

was unmatched by most other countries in Europe.

The ownership of cars in Denmark lies at 320 per 1000 people, one of the lowest levels in Northern

Europe. There are over 400 ears per 1000 inhabitants in Norway, Sweden, Germany, France, and Italy.

Among the Northern European countries we have studied, only the ownership level for Great Britain lies

close to that of Denmark (Figure 9-20). 11 Danish ears are driven more than cars in any other country in

Northern Europe, nearly 17,000 km/year in 1988 (Figure 9-21). But the low number of ears, combined

with a load factor that is close to the European average, means that per capita domestic travel in automo-

biles in Denmark is close to the average among the EU-6.12

The small geographical size of Denmark might be one reason that Danes travel significantly less in

cars than other Europeans. Indeed, the average automobile trip in Denmark, as estimated from

Transportundersegelsen-86 (TU-86), lies at around 11 km, slightly less than the values of 13 km and 15

km in Germany or the U.K. Yet even in the U.S., the average trip length in 1990 was only around 15 km,

suggesting that country size alone does not determine yearly distance travelled.

Related to the low number of cars in Denmark is the relatively high share of travel provided by rail

and bus. The large share of travel in these modes (23% in 1988) helped boost total per capita travel in

Denmark to slightly above the average level of the other countries in Europe (Figure 9-22). 13 Yet Den-

mark is one of the only countries where per capita travel on trains and buses was significantly higher in

1988 than in the early 1970s (Figure 9-23).

Indeed, the share of total travel in Denmark provided by cars in the 1980s was the lowest in the

European countries we studied (Figure 9-24). Economic pressures, including high automobile and fuel

taxes, were largely responsible. The most obvious pressure is from the high price of fuel (Figure 9-25),

but the high price of cars also places severe pressures on Danes to buy small cars. Typically, cars in Den-

mark cost more than twice what they cost in other Northern European nations (Automobil-

10 Recall that in this report, "car" refers to automobiles and light trucks (varebiler) with under two tormes
capacity.

11 Cal"ownership in Japan, not shown in Figure 9-20, is well below that in Denmark.

12 The EU-6 are Norway, Sweden, Germany, France, Italy, and the U.K.

13 These figures exclude the small contributions of motorcycles, boats, and non-motorized modes.
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importererernes Sammenslututning 1991). Interestingly,however, the cost of using gasoline per km

driven in the averageDanish car was only 10%higher in 1988 than in 1972, a situationnot too different
from most other countries. Although the real price of gasoline in Denmarkwas significantly higher in

1988 than in 1972, the use of gasoline perkm had fallenalmostenough to offset this change. Not surpris-

ingly, the use of cars in Denmarkhas been slowly increasingas it has in other countries, as Figures9-21

, and9-24 suggest Thus the main and most persistentdifference between Denmarkandthe other countries

portrayedis the low numberof cars,not overall mobility.

. The vehicle energy intensifies of cars in Denmarkm2.4 MJ/vehicle-km or 7.41/100 km---rankswith

thatof Italy as the lowest in the 9 countries we have studied (Figure9-26). Franceand Norway lie at lev-

els approximately15% higher. The improvement in Denmarkbetween 1972 and 1988, a reductionof

nearly 15%,also stands out forEurope.

If we comparethe price of gasoline and the fuel intensity of cars in major countries, we obtain a

relationship that approximatesa straight line (Figure 9-27). 14Similarly, there is a relationship between

the price of fuel and automobile fuel consumptionper capita (also shown in Figure 9-27), although the

functional form is less obvious and there is considerablymore scatter. In either case, Denmark has the

highest fuel prices and nearly the lowest specific fuel consumption. The low energy intensity of cars in

Denmark, and the improvement duringthe period we studied,should not be surprising. The government

taxes new cars more than does virtuallyany other governmentin WesternEurope. These taxes have been

progressively increased and there are virtually no company car tax privileges which contribute to the

ownershipof heavy or powerful cars as in England,Sweden, Germany and Norway. To call Danish cars

"efficient" is misleading,however. They aresimply small.

Danish modal energy intensities behaved differently from those in most other Europeancountries.

Danish automobiletravel was about4% less energy-intensivein 1988 than in 1972. This drop may seem

small, but in most other countries, the energy intensity of automobile travel increased because the fuel

intensity of automobiles only improved marginally while load factors decreased. The decline of modal

intensities for Danish buses since the early 1980s is unusual, while the fluctuationsin rail modal energy

intensity aretypical for Europe. Differences amongcountries reflect load factorsand operations as much

as intrinsic differences in vehicle intensity. The downward trend in the energy intensity of Danish air

travelis als0 typical, but the fluctuationsare unusualand highly uncertain. In virtuallyeveryother OECD

country, the energy intensity of domestic air travel declinedsteadily becauseof improved aircraftdesign

and increased proportionof seats filled. Energy use per passenger-km thus fell by as much as 40% in

" Europe and 50%in the U.S.

Figure 9-28 summarizes the difference between travel energy intensities in Denmark and other

• OECD countries. The first bar for Denmark shows actual energy intensity in 1988, measured in

MI/passenger-km. The second bar shows the figure that would have prevailed in Demnark given the
nation's own modal energy intensities but the averagemodal mix for the OECD. lt is clearthat travel in

Denmark is less energy-intensive than thatof most other OECDcountries. Moreover,when the average

14 In this figure, the U.S. is seen in the upper left, then Germany and the U.K., then Japan, then Sweden
and Norway, then Fr_mcesnd Italy.
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OECD modal mix is applied to Denmark's modal energy intensities, the resulting aggregate intensity is

significantly higher than otherwise. In other words, Denmark's modal mix is intrinsically less energy-

intensive than that for the other nations considered in the figure. Thus both modal mix and modal intensi-

ties (efficiency) reduce the energy intensity of travel in Denmark relative to its value in other OECD

countries.

If we decompose the overall changes in energy use for travel in Denmark into components due to

changes in sectoral activity, structure, and intensity, we find results that are rather unusual for the OECD.

The increase in per capita travel in Denmark was somewhat below average for the countries we studied.

On the other hand, Denmark stands alone as having actually reduced energy use, relative to 1972, because

of significant shifts towards bus and rail travel. Indeed, Denmark had the greatest net increase in the

share of rail and bus in total travel among the countries studied, although some of that increase was

reversed in the past few years.

Energy efficiency in Danish travel showed a slight improvement between 1972 and 1988. Corrected

for modal shifts, travel in Denmark experienced marginal decline in intensity of 2% between 1972 and

1988 (Figure 9-29). Most other European countries experienced an increase in this important indicator.

Indeed, most European countries experienced an increase in energy use per passenger-km for automobiles

(Schipper, Steiner, Duerr, An, and Str0m, 1992). Thus the relatively minor improvement in energy

efficiency of travel in Denmark is actually rather good for Europe.

These findings earl be illustrated in another way. Figure 9-30 shows the contrast between the evolu-

tion of per capita energy use for travel in Denmark and in other countries we have studied. The strong

decline in the fuel intensity of autos led to a drop in this indicator for the U.S. In Japan and the EU-6, by

contrast, per capita energy use for travel increased strongly. The increase in Denmark was much less.

What happened in Denmark? Clearly the impact on energy use of improvements in vehicle

efficiency was partially offset by the decline in the load factors of automobiles. Instead, improvements

were the result of the combination of slow growth in travel volume and a net shift to rail and bus in the

mid 1980s that restrained energy use for travel in Denmark. A combination of higher fuel and travel

prices, as well as two periods of economic contraction, reinforced by a tradition of taxation of automo-

biles, underlay this evolution. The fiscal burden on vehicles and travel in Denmark is one of the highest

in ali of Europe, hence energy use for travel evolved somewhat differently in Denmark than in other

countries in Europe. But the use of automobiles is rising and that of bus and rail is lagging behind. If

restraint is important, Denmark will have to work hard to restrain energy use for travel. More important,

other countries may have to consider the fiscal stimuli the Danes have become accustomed to if energy
use for travel is to be restrained elsewhere.

9.5. Freight Transportation 15

Freight has played a minor role in driving fuel demand in Denmark and many other countries. But

the increasing role of trucks and the worsening of fuel economy of truck freight in North America and

15Recallthat in this report,"truck"refersto both smallandmedium-sizedtrucks (varebilerabovetwo
tonnes)andali heavytrucks(laxtbUer).
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many European counUies, coupled with expectations of greater freight activity after the prospective Sin-

gle Market, means that energy use for freight is on the rise. Additionally, pollutant emissions from

freight vehicles, particularly from trucks, have only been lightly regulated in the past. Hence, future

energy use for freight, dominated as it is by trucks, will be of increasing international concern.

In Denmark,the per capita level of domestic freight activity is high compared to other OECD court-

" tries in Europe (Figure 9-31).16 The lack of a large base for raw materials processing in Denmark reduces

the natural role of inland shipping and rail freight, which is important in countries where industries like

. forestry, mining, energy extraction, and ore benefaction play a great role, such as Sweden or the U.S. On

the other hand, the importance of agriculture and food processing in Denmark does piace large demands
on bulk shipping, which compensatesfor the lack of raw materials processing in Denmark.

The modal mix of freight in Denmark is not unlike that for many countries in Europe, dominatedby

trucking (Figure 9-31). The rise in importance of pipelines (over 10% of freight in 1988) is also typical

for a country with newly discovered oil and gas resources (U.K.), or one in which a significant switch to

using gas has been underway (U.S., U.K., France, Germany).

The energy intensities of each freight mode in Denmark lie well within the range we found for other

OECDcountries. The important exception is trucking (Figure 9-32). Fluctuations in the energy intensity

of truck freight are almost universal, a result of real uncertainties in data. Yet tile upward trend evident

from Danish data is highly unusual. The upward trend in the intensity of truck freight has been observed

in many OECD countries, but the rate of increase has been considerably slower;,the rise in importance of

smaller trucks and the decrease in loading size apparently also has caused the intensity of truck freight to

rise in the U.S. Contributing to the high value in Denmark may also be geography: there is simply very

little long-distance trucking, measured by distance standards in most other European countries. Only

where the vehicle intensity of trucks fell significantly were there large energy savings in this mode.

While the clear increase in the energy intensity of trucking per se is not unusual, the rate of increase is

cause for concern: either the data are wrong, or the important forces named above are causing an unparal-
leled increase in energy use for trucks.

The impacts of modal shifts and changes in modal energy intensities on freight energy use are simi-

lar to what occurred in most OECDcountries. In most nations, the importance of trucks increased during

the 1970s and 1980s, raising energy use proportionately. That the aggregate intensity of freight in Den-
mark increased by 49% (excluding pipelines) stands out as among the highest increases we have
observed. When we hold ali factors except modal intensifies constant, the results for Denmark are

" dramatic, as Figure 9-33 shows.

The contrasts in energy use for freight in Denmark and other countries are best illustrated in Figure
• 9-34. While per capita energy use in Denmark is close to that in the remaining European countries we

studied, the increase over the period shown was somewhat greater than in other nations. The magnitude

16TransittrafficbetweencontinentalEuropeandScandinaviaplaysa smallroleinthetotalfreightship-
mentsof Denmark.Wehavecountedthisfreightin thetotal,sinceweareunableto separateenergyusefor
thisfreightfromthatfordomesticfreight.Abouthalfofthe"transit"trafficis actuallyDanishfreightheaded
forothercountriesbyrailortruck.
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of the decline in the efficiency of truck freight is the principalreason why Denmark is different.

Finally, manyobservers expect that one important impact of the possibility of a Single Market will

be greatly increased international freight. Trends in truck energyuse for freight may be different in this
activity, since international trucking is dominatedby larger trucks that travel longer distances, mostly on

motorways. Still, restraint in energy use in trucking will have to be an important part of any strategy to

restrainfutureenergyuse.

'_.6. Summary: Energy Use in Denn_trk and Other Industrialized Countries

In this concluding section we s_anmarize the results of our comparison of energy efficiencies in

Denmark with those in other countries. We also compare the achievements in energy savings in Denmark

with those in other major countries. (_e Schipper, Sprunt, Christie & Kibune 1992, Schipper, Howarth

& GelIer 1990, Sehipper, Howarth & Wilson 1990, and Schipper 1988.) We find that the structure of

energy use in Denmark is somewhat less energy-intensive than in other important OECD countries.
Intensities of energy use in Denmark, on balance, are lower than in other countries. But intensities

dropped more in Denmark than in mos_of the other countries. Thus, in 1972, Denmark was a relatively

. energy-intensive country. During the ensuing period up to 1988, D,*.nmark'seconomy and energy use
were transformed considerably.

9.6.1. Is Denmark Different?

Figure 9-35 shows per capita primary energy use by sector in five countries (Denmark, Norway, the

U.S., West Germany, and Japan) in 1988. The obvious variations arise out of differences in the levels of

sectoral activity, the structure of activity in each sector, and the energy intensities of each activity, ali of

which shape each country's energy use. Differences in fuel mix, which we have not analyzed in detail,
play some role as weil.

The aggregate figures presented in Figure 9-35 hint at some of the most important differences in

energy use that we will encounter. Per capita energy use in Denmark lies near the middle for the five

countries shown, well below that of the U.S. or Norway, but close to that of Japan or West Germany.
Consumption in some sectors (residential, for example), is greater in Denmark than in most of the other

countries.17In other sectors, notably manufacturing/other industry and, travel (if Japan is excluded), per
capita consumption is considerably less in Denmark. These aggregate comparisons illt_s_ratebroad differ-

ences between Denmark anti the other countries, yet they tell us very little about the real differences

among the countries. To understand these, we must consider activity, structure, and intensity in each sec-
tor.

, Sectoral activity differs among the five countries. Since we have normalized by population, part of "

the difference arising from differences in activitymthe effect on the household sector----disappears.
Differences in overall economic output as me_ured by GDP (in industry, or in services) account for some

of the differences, too. As the international comparison showed, per capita freight in Denmark is

17 The U.S. mad Norway rank higher because of the high penetration of electricity, which increases the
primary energy values shown here.

J
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somewhat higher than in the other countries (except the U.S.). And the fact that Danes travel about as

much as Germans or Norwegians, but more than Japanese and far less than Americans account for other

important differences in activity. In all, these activity differences would tend to lower per capita energy
use in Denmark relative to that in the other countries.

The structure of energy use in Denmark differs from that of the other four countries in important
w

ways:

• Danish homes are larger than those in every country except tt,,e U.S., and the Danish climate is colder

" than that in every other country shown except Norway. Central heating is more prevalent in Denmark

than in any other country shown. Electric appliance ownership lies about equal to that of Norway and

West Germany, above the levels in Japan, but below the levels in the U.S. These factors increase house-

hold energy use in Denmark relative to values in the other countries shown.

• Danish manufacturing produces less energy-intensive products than does manufacturing in all other

countries analyzed. This effect would reduce energy use in Danish manufacturing relative to that in the
other countries.

• Denmark has more built area in the service sector, per capita, than all other countries except the U.S.

• The mix of travel modes in Denmark, while considerably more energy -intensive than that of Japan, is

still less energy -intensive than the mixes in the other three countries. Danes own fewer cars than Ameri-

cans, West Germans, or Norwegians, but more cars than Japanese. The affect of this low car ownership on

energy use is partially offset by the fact that Danes drive their cars more than ali but Americans.

• The mix of freight modes in Denmark is similar to mixes in Japan, West Germany, and Norway, but is
far more reliant on trucks than is the mix in the U.S.

A rough weighting of these structural factors suggests that, other things equal, they cause Denmark to

consume slightly less energy per capita than the other countries, except for Japan. 18

The differences in energy intensities between Denmark and the other countries are important as they
are closely related to energy efficiency.

• Danish space heating in homes and buildings is the most efficient of the countries shown, with Norway

and the U.S. close behind. Only homes in Sweden show consistently better thermal performance than

those in Denmark. Danish appliances are slightly more efficient than those in the other countries.
is

Is Energyuse inJapan, Itlthough heavilyweightedtowardsindustry, has a structurethat reducesenergy
use thererelativeto ali countriesshown,becausethelevelof travel(andits su'cloture),andthe size of homes

- (andquantityof equipment)is so lowrelativeto the U.S.andNorthernEuropeancountries. Similarly,ener-
gy use in the U.S., althoughless influencedby industry than theenergyuse in manyother countries,has a
structurethatraisesenergyuserelativetoalicountriesshown,becauseof theenormousrole of u'ansportation
(bothtraveland freight),andthe fargreaterpercapitaareaof bothhomesandbuildingsin theservicesector.
But Denmarkis considerablylessdependenton heavyindusta3, than eitherWestGermanyor Norway,and
has lower levelsof both traveland freight.The only sector thatstandsoutas more energy-intensivein Den-
m_k Lh_-.in okh_er_,>3_ontriesis the residentialsector. However.if percapitafloorarea is multipliedby heat-
ingdegree-daysfor bothDenmarkandthe U.S.,theresultsaresimilar.Thismeansthatthe importanceof the
colderclimateinDenmarkis aboutoffsetby largerhouseareain theU.S.
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• Danishindustry'senergyintensifies are aboutaverage for the countriespresented.

• Danish travel is less energy-intensivethan travel in every other country,largely becauseDanes have the

least fuel-intensive cars of any countrydepicted.

• Danish freightis the most energy-intensiveof any countrywe have studiedbecause Danish truckfreight

is veryenergy-intensive.

On balance, energy intensities reduce energy use in Denmark slightly relative to the other coun-

tries. The greatest differences, however, are in sectors dominated by small consumers, services, homes,

and travel, sectors where energy use has been taxed very heavily.

From this brief comparisonwe can explain why per capita energyuse in Denmarkwas so low in

1988 comparedto thatof the othercountries(except Japan). First,sectoralactivity levels are in largepart

comparableor slightly lower than those in the other countries (again, with the important exception of

Japan.)Second, the structureof Danishenergy use is less energy-intensivethan that in any of the other

countries except Japan. Third, Danish energy intensifies are averageor lower than average, except for

those for _ight. These factors reduce energy use in Denmark relative to most wealthy industrialized
countries.

In Chapter 8 we noted that the growth in energy services in Denmarkmthe combined effects of

changes in sectoral activity and changes in the structure of each sector---pushedup energy use in Den-

mark at a lower rate than the growth in GDP. In other words,the structure of Danish energy use evolved

towards less energy intensity between 1972 and 1988. This means that in 1972, Denmark was a more

energy-intensive country than in 1988. This change, coupled with the high level of energy savings in

Denmark, led to important reductions in energy use there relative to developments in other countries, as
discussed in the next section.

9.602. Energy Savings Achievements Since 1972: International Comparison

In this section we review the energy-savingachievements in Denmark, comparingthem to those we

have measured in other countries. In the aggregate, Denmark ranks at the top of the list of energy savings

compared to either 1972 or 1988 consumption. But these savings were focused in only a few sectors,

which is cause for some concern. In other countries, savings were distributed more evenly about many

sectors. Finally, the rate of savings in Denmark has slowed markedly. This observation is consistent with

an international trend that reflects changes in both the kinds of energy-using equipment being designed

and sold in the largely international market, as well as conditions in each country that affect the adoption

of energy-using--and energy-saving--equipment.

Our specific findings are:

• Denmark leads ali OECD countries we have studied in savings of heat and electricity in households

since 1972. The dramatic decline in space heating intensifies is not surprising because Danish households

and building owners faced the greatest relative changes in energy prices for electricity and heating fuels

of virtually ali OECD courttries. Moreover, the Danish effort to promote energy savings in households

and services was one of the most thorough of any country. This effort continues today with particular
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focus on electricity in both households and in services.

• Danish manufacturing intensities declined less than those in other countries studied in detail (except

Norway), but about average for the six European countries we analyzed (Howarth and Schipper 1991).
Danish industry experienced relative price changes similar to those in other countries. But the structure of

Danish industry is weighted less towards energy-intensive production, which may explain why the reduc-

. tions in energy intensifies in Denmark were less than elsewhere: energy costs play a smaller rule in
overall costs there thanin theothercountries.

- • The fuel intensity of cars on the road in Denmark fell by over 15% in the period we studied, one of the

largest improvements we measured among European countries. At the same time, the number of people• .._G.

per car decreased somewhat. Overall, the energy required to move a .Dane one kilometer was only

slightly less in 1988 than in 1972. By contrast, this indicator increased in both West Germany and Japan,

fell slightly in Norway, and dropped dramatically in the U.S. Danish drivers saw somewhat greater fuel

price increases than did those in the other countries (through 1988), and always faced very high taxes on

new ears. This helps to explain the somewhat better performance of this sector than in Japan or West

Germany, where neither fuel prices nor car taxes increased as much as in Denmark. Imposition of fuel

efficiency standards on new cars in the U.S. is an important reason why so much improvement occurred
there.

• Danish freight showed the one of the worst performance of freight of any country we studied. The

important role of relatively inefficient truck freight lies behind this resulL This is likely related to

Denmark's small geographic size and the increasing role of smaller vehicles in the freight system. Hau-

lage in the other countries is more reliant on larger, long-distance trucking, particularly as long-distance
traffic shifted from rail to truck.

We summarize the impact of energy savings on energy use in several other countries, including

Norway, the U.S., West Germany, and Japan using the same measures discussed in Chapter 8. Energy-
saving achievements in Denmark occupy a leading position among those of the countries we have stu-

died. Figure 9-36 shows the impact of changes in energy intensities on primary energy use over time in
each of these countries between 1973 and 1988, ali other factors held constant. (This is the first method of

measuring energy savings discussed in Chapter 8.) For comparison, energy use in 1973 is set to 100. lt

can be seen that the intensity effect in Denmark was second to that observed for the U.S., and slightly

greater than that of West Germany. By contrast, Japan, which is often credited with leading energy sav-

• ings achievements, lies in fourth piace, while Norway shows almost no energy savings. Note the slow-

down in the rate of decline of the intensity indicator after 1985 in every country.

Rankings of these changes by sector explain the position Denmark attained. Figure 9-37 comparesi,

the energy intensities in 1988 with their 1973 values on a sector by sector basis. As noted above, Den-

mark leads in energy saving in homes (and buildings), achieved average performance in manufacturing,
other industry, and travel, but actually lost considerable ground in the freight sector.

Using the second method described in Chapter 8, we can estimate how much more energy would

have been consumed in Denmark and the other countries had intensities not fallen. Figure 9-38 shows the

results, portrayed for each country as the amount by which energy use would have differed in any given
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year had not energy intensities fallen. For Denmark, 31% more energy would have been required in 1988

without energy savings, close to the 29% in the U.S. West Germany lies in third place, at 22%, followed

by Japan (17%) and then Norway (3%). 19The position of Japan may seem odd, given Japan's reputation

for energy efficiency. In effect, the improvements in Japan were concentrated into two sectors, manufac-

turing (with other industry) and freight, that are tied to international competition. Other sectors performed

poorly by our measures, hence the overall results for Japan fall behind those for Denmark, the U.S., and

West Germany.

We can now compare the importance to the evolution of total energy use of both intensity changes

and structural or activity changes in Denmark with developments in other countries. Figure 9-39 shows

the activity, structure, and intensity effects for Denmark and the other countries studied. The activity

effect in Denmark had a small impact on energy use, far less than that in Japan or the U.S. The structural

effect was median; structural changes boosted energy use in Norway and West Germany far more than in

Denmark. The intensity effect was second only to that in the U.S.

Figure 9-40 shows the impact of changes in activity and sectoral structure in a different light. We

calculate the changes in energy services for each country (Cf. Chapter 8). By this measure, Denmark

experienced the smallest increase in energy services, 32% as weighted by 1973 energy use pattems. As

Figure 9-40 shows, growth in energy services kept pace with that of GDP in the U.S. and Germany but

lagged GDP considerably in Japan and Norway. This helps explain the difference between the intensity

effect and the change in the actual ratio of energy use to GDP that we have measured in each country. In

Denmark the ratio of energy/GDP fell considerably more (27%) than could be explained by the decline in

intensities alone (20%). In other words, the ratio of energy/GDP overstates considerably the decline in

energy intensities, and therefore the improvements in energy efficiency, achieved in Denmark. This dis-

tortion is considerably greater if we consider Japan or Norway, bu,t smaller for the U.S. and negligible for

West Germany.

These international comparisons reinforce an important lesson: The ratio of energy use to GDP is

poor measure of energy efficiency; changes in that ratio over time give a poor measure of improvements

in efficiency over time. This measure distorts the comparison of countries' performances over time. The

distortions that arise when this simplistic ratio is used for Denmark are significant, although not the larg-

est among the countries we have studied.

9.6.3. Issues and Implications

This international comparison shows that improvements in energy efficiency in Denmark between

1972 and 1988 had a significant impact on total energy use there. The achievements rank among the

greatest of the five countries we have studied in detail. From other evidence (Schipper 1991; Schipper and

Meyers et al. 1992) we can assert that inclusion of France, Great Britain, It',,ly, and Sweden in this com-

parison would not alter Denmark's position among the leaders in energy saving. But several results from

19 The base year for other counu'ies we have studied is 1973. To make the comparison with these coun-

tries fair figures in this section reflect extrapolation of 1972 trends in Denmark to 1973, for which Danish

data w_'e ordy --.vr.-:l-,,,bl¢for one sector. Figtu'es given irl ',he i.'adividual r.ector-,d chap_,"rs for _--m_,ark use

1972as thebaseyear.
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this comparisonhave implications for considerationsof futureefficiency achievements andenergyneeds.
Given the well-documentedpotential for furtherincreases in energy efficiency in Denmark,Danish policy

makersshould focus on the problemsnamedbelow if they wantto harvest thatpotential.

First, the Danish energy-saving achievements were concentrated in the household andservice sec-

tors. Improvementsin efficiency in manufacturingkept pace with those in most other countries. Improve-

- merits that occurredin the travel sector were minor, albeit better than average for Europe. The energy
efficiency of travel in Denmarkis now improvingover its 1972 level, a bettersituationthanin most coun-

tries in Europeor in Japan. The situation with freight, however, raises concernssince the trends towards.I

higher energy intensity areso much moremarkedthan in other countries. Thus, Denmark scores high for

energy savings in the aggregate,but this achievement hides the mediocre performance of the travel sector

and poorperformanceof the freightsector.

Second, the slowdown in the rate of improvement of efficiency economy-wide is consistent with

what we have found in most other industrializedcountries. This slowdown is related to the stagnationor

fall in real oil prices, which has influenced most domestic fuel prices as well. Related to this develop-
ment is the relaxation of efforts by multinational and local firms to improvethe energy efficiency of con-

sumerproducts,although some efforts, such as the coordinationof electricityefficiency efforts in Scandi-
navia, have brought new products to the market. Thus Denmark, like other countries, will have to act

with resolution to stimulate both development of more energy-efficienttechnologies for domestic indus-

tries (or in those producing for the world market), as well as to accelerate the uptakeof efficiency meas-
ures in the Danisheconomy.

Finally, we showed that both structuralchanges and intensity changes helped to reduce energy use

in Denmark, both absolutely and relative to economic activity, during the two decades we studied.

Whether both kinds of change will continue to lead to restraint in energy use, particularly in a period

when energy prices are likely to be relatively stable, is uncertain. In the next chapter, we address some of

the issues raised in this report that affect future energy use in Denmark.
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Residential Final Energy Use
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10. ISSUES FOR THE FUTURE

Ouranalysis of energyuse in Denmarksince 19_:2has revealed thatboth evolution in the structure

of energy use and improvements in efficiency caused fundamental changes in total energy requirements.

We suggested that the overall level of energy-savings in Denmark was close to the highest we have

observed anywhere. The Danish energy scenarios Energi 2000 (Energiministeriet 1990) rely on contin-

" ued improvements in energy efficiency. Whether these improvements will continue, however, depends

on several issues that we raisedin our sectoral analyses and international compari_ns. We will address
these issues here.

10.1. The Nature of Improvements to Efficiency between 1972 and 1988

lt is important to summarize the natureof improvements in energy utilization that occurredup to

1988. Understandingthese improvementsis crucial to judging whether we can expect similar develop-
ments in the future.

I0.I.I. Technical or Behavioral Changes?

lt is possible to estimate the components of energy-savingsthat are relatedto technical changes in

how energy is used, in contrastto changes caused by behavior. Technical changes have little impact on
comfort, behavior, or productivity and output, while behavior changes usually involve "sacrifices" of

comfort or mobility, although these "sacrifices", such as those related to lower indoor temperaturesor

more careful use of hot water, may become routine as individualsbecome accustomed to more energy-
frugalbehavior.

Turnover of industrialequipment,buildings and their equipment, and the gradual renewal of the

transportationfleet hasclearly led to energy savings thatcan be ascribedto technology. Persistentactions
to improve existing heating systems by outfitting them with various controls also count as "technical

change". Improved energy-using technology pervades every sector of energy use in Denmark, and

appearsto have made the largestcontributionto energysavings by 1990.

Behavior changes, by contrast,appearto have had an importantimpactin three sectors, aside from

efforts to employ energy managers in factories and buildings. Behaviorchange led to savings of energy

in homes andbuildings throughadaptationto lower indoor temperatures. Some of the savings of energy

in traveluwe estimated about half of the reduction in travel-relatedenergy use--arose because propor-

. tionately more Danes use buses and trains today than in 1972. But behavioral changes also offset energy
savings. Much of the potential energy saving in auto travel was offset by slow changes in the utilization

of cars that reduced load factors. And changes in the utilization of trucks led to significant increases in

" the energy intensity of truck freight and the entire freight system. Roughly speaking, changes in behavior

and utilization that reduced energy use appear to have had a slightly larger overall impact than those

changes that increased energy use. But behavior and utilization is volatile and subject to rapid swings,

caused by changes in prices or incomes or by other factors. How much of the energy savings in Denmark
can be considered permanent?
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10.1.2. Permanent or Reversible Improvements in Energy Efficiency?

We believe that technological changes that reduced energy intensities are permanent. Reductions in

energy intensities so gained will likely never be reversed. In a few activities (production of energy-

intensive materials, space heating, driving), reduced energy intensities encourage the very activity for

which energy was saved. This "rebound effect", however, is small by most estimates (Schipper and
Meyerset aL1992).

Energy savings gained through behavior change, by contrast, are by no means permanent. We

referred to the ScanTest surveys that show that Danes were heating to higher temperatures and undertak-

ing fewer energy-efficiency measures in 1990 than in 1981. Certainly the drop in real energy prices and

relaxation of energy-efficiency programs lies behind this development. While we do not believe that
Danes will soon heat to the high temperatures found in many buildings before 1972, we believe that some

of the savings won in the early 1980s by changes in behavior have reversed. This is also true for savings

induced by shifts from ears to buses and trains. The share of cars in total travel is rising again. Much of

this reversal is a consequence of both stagnation in real energy prices and the achievement of many
efficiency goals, which in turn have permitted Danes to trade savings once based on lower comfort levels

to savings now based on technology.

There is clearly a small potential for further reversal of energy savings gained throt2ghbehavior

change. Lower energy costs, particularly during the extremely mild winters that have become "normal"

since 1989, permit building owners, operators, or occupants to pay less attention to their heating costs.

But at some point, such inattention leads to overheating. In the past, Danes opened the windows to deal

with this problem. Hopefully renewed interest in "Energistyring" (energy management) will provide an
alternative of energy management in large buildings that will enable operators to continue to pay atten-

tion to energy costs in spite of stagnation in real energy prices. And a continued proliferation of heating

controls for homes, even if slower than in the past, might stem the rise in indoor temperatures in homes
that could occur if winters stay mild and prices low.

The trends in the freight system, by contrast, reflect much more fundamental forces at play than

merely energy costs, as we noted in our analysis of this sector. Quite simply, there are no energy savings

that can reverse with lower energy prices! Our own view, however, is that this behavior represents a
trendthat has manifest itself in many countries.

10.1.3. Savings That Occurred After 1972: Trend or Break?

We noted that the behaviorof energyintensifies after 1972 resembleddevelopments in the previous

decade in some sectors, but took a new coarse in others. In manufacturing, the rate of decline of energy

intensifies increased somewhat after 1972, but the decline had been evident for many years previously.
This is consistent with what we have observed in virtually every other country.

By contrast, energy intensifies in other sectors were rising before 1972. Part of this rise really
reflects structural changes, such as increases in automobile size, home appliance size (or number of

features), and comfort levels in homes and buildings. But the post-1972 reductions in energy intensities

for these end-uses represent dramatic changes from the pre-1972 period. Clearly, energy prices and

energy conservation policies together had an important impact on energy use, particularly in buildings.
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10.1.4. Causes: Trends, Energy Prices, or Programs?

The precedingremarkssuggest thatsome of theenergysavings that occurredin Denmarkafter 1972

would have occurred anyway, as part of long-term trends in technological progress. These trends in

manufacturingand other industryare universal. Higher energyprices only acceleratedwhat might have

occurredanyway, particularly in an open, competitive economy like that in Denmark.

But, unlike manufacturingand industry, Danish building owners, operators, or occupants are not

really "competing"with anyone. They see only their own costs. Although technology has made more
, and more efficient heating systems (and building systems) available in Denmark, the improvements

through 1972 were not very evident. That is, there is little evidence of a forceful component of tecl_o-

logical progress permitting energy savings in Danish buildings. In Sweden, with a fundamentallydif-
ferent way of financing new constructionthat favored adoption of many energy-saving technologies,

space heating efficiencies were improvingat a rapidpace even before 1972 (Schipper,Meyers, and Kelly

1985). But Denmark did not have this kind of home financing system in place. Consequenfly_ the
changes in energyuse in homes andbuildingsdid not arise graduallybecause of long-term technological

developments. Instead, these changes occurred rapidly when energyprices increased.

Certainly programs contributed to some of these savings, although we argued in Chapter 2 that pro-

grams could not be the major reason for improvements in energy efficiency in existing buildings. By

contrast, the imposition of building standards and the Heat Plan appear to have forced improvements in

the thermal characteristics of new buildings beyond what might have occurred with only pressures from
higher energy prices. The drive to cut first costs in all forms of construction appears to have been an over-

riding concern of both private and public building authorities. Fortunately, activist policies in Denmark
turned this situation around. New homes in Denmark are among the most efficiently heated in all of
Northern Europe.

In the transportation sector it is hard to identify concrete energy-saving policies. One reason is that

few vehicles arebuilt or assembled in Denmark. Another reason is that high taxation of new cars in Den-

mark had already shaped the structure of the car fleet well before 1972. Only recently have authorities

begun to consider new forms of taxation that might change the fleet of cars in fundamental ways that

specifically decrease fuel intensity. And while traffic and transportation planning has been evident in

Denmark for decades, the best that can be said is that such efforts, combined with changes in fuel prices

and the prices of using buses and rail, contributed to forestalling the decline in utilization of these sys-

tems, and even raised their utilization relative to 1972 shares, something not seen in many other OECD
" countries.

It is certainly evident that high taxation of motor fuels for private transportation has had an impor-

" tant impact on restraining bath travel and fuel use, as well as reducing fuel intensity. But the motivation

for such taxation is ages old--fiscal considerations related to both the balance of payments and raising

revenue--so it would be unfair to ascribe the savings Denmark experienced in travel-related energy use to

"energy policies" per se. At the same time, it is clear that the government can influence energy use for
transportation in fundamental ways through careful manipulation of fiscal (and other) policies.

In concluding, we will not try to partition energy savings in Denmark into exact portions permitted

by technological trends, or caused by higher energy prices or imposition of energy policies. Clearly ali

' ' _11s r,l', ' , , ,
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three factors influenced energy use in Denmark. Technology did provide important energy savings in
manufacturing even without being provoked by higher energy prices. Denmark also developed the most

comprehensive policies promoting energy efficiency in buildings, which has now been extended to saving

electricity. At the same time, the Danish government presented its citizens with increases in the prices of

heating and motor fuels and household electricity that, relatively speaking, were among the largest

experienced by consumers anywhere in Europe. Since the largest contribution to total energy savings in

Denmark came from improvements in space heating, it is tempting to attribute most of the savings of

energy in that country to higher prices, bolstered by certain energy-saving programs.

lt is important to note that energy-saving programs have not disappeared from the Danish energy

scene. In particular, there is a great deal of focus currently on electricity savings in ali major sectors of

stationary energy use. These appear to be effective, if the efforts towards improving home appliances or

increasing sales of low-energy compact fluorescent bulbs is any indication. And while some technologi-

cal trends that are important to energyuse are influencedby industries that are not important to Denmark,

other developments, particularly those related to appliances and buildings, find Denmark in the lead. This

means that even with stagnant energy prices, we can expect building-related technologies to gradually

reduce energy intemities in homes and the service sector. Thus, the efficiency of energy use in Denmark

can be expected to continue to improve, even if at a slower rate than in the 1980s, because of both

energy-saving programs and technological progress. The key question is whether policies (including

energy taxes) can increase that rate of savings. The hidden question is whether individuals and com-

parties are prepared to pay higher energy taxes as part of a package to stimulate the improvement of
efficiency.

10.1.5. The Plateau of Energy Intensity

The reason for concernover this question is the plateau of energy intensity that is evident in both

the building sectors and in industry. Part of the reason for this plateau is the stagnation in most energy

prices. While there is still a decline in average energy intensities that occurs when new homes, new cars,

or new machines replace older ones, this natural decline is clearly slower than the precipitous fall that

occurred during the first half of the 1980s.

To be sure, "stagnation in energy prices" is somewhat misleading. The real cost of heating fuels is

so much higher today than in 1972 that the marginal cost of keeping homes or buildings to a given tem-

perature is higher than in 1972, even including the effects of improved efficiency. The improvements in

energy utilization in industry, by contrast, appear to have overcome much of the impact of the increase in
real fuel prices. And Danish drivers in 1990 paid about the same amount for fuel to drive one kilometer as

they did in 1972, once the taxes on gasoline were lowered. Thus the plateau of efficiency is understand-

able in some sectors. Still, there appears to be a significant potential for reducing heating needs in exist-

ing buildings, the most long-lived part of the energy-use system. In the next section, we review prospects
for improvements in buildings, and in other sectors, as seen by Danish officials.
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10.2. Future Potential and Achievement

In Appendix C we review the detailed scenarios of future energy demand and energy-efficiency

potential developed by Energistyrelsen. We find that the goals for energy-efficiency improvementsin

Danish industry are consistent with historical trends. Achieving the potential for improving electricity

use in homes and buildings also seems within reach. Goals implied forother sectors, however, areprob-
" lematical.

For buildings, Energiforbrug i bygninger studies three levels of future space heating (and water

, heating) needs, representingreductionsof approximately 25%,50%, and 75% of presentenergy intensi-

fies (Energistyrelsen 1990). The 25% level appears easily attainable, but the other levels appear to be
difficult to attain,except in the verylong run, and then only if improvements to buildings aremade in the

normal course of rehabilitation. The problem is not that the proposedstrategies will not always pay off,

but rather the difficulty of motivating owners, operators,or occupants to make the last marginal invest-

ments, for which rates of returnarelow, say, offering only ten year paybacks. While the study proposes

many mechanisms that might raise interest in reaching these low levels of heating, it is by no meansclear

which strategies will succeed. We judge that these levels of heating t_eds will be attained eventually,
through rehabilitation and replacement, but we doubt whether the 75% reduction would be undertaken

successfully by 2030. However, development of inexpensive means of improving wall insulation could

accelerate improvements towards the 50% reduction or even beyond. The goal set out in Energi 2000 is
for a modest 10% reduction in heating intensity by 2005.

For electricity, the situation is much more favorable. Electricity is more expensive than luel, but

focus on saving electricity for non-heating purposes is a relatively new development. Most of the equip-

ment that uses electricity will be replaced over the next four decades. This presents private parties, as

well as public officials, with a attractive opportunity to make significant savings during the process of
equipment replacement.

In transportation, i.e., travel and freight, the outlook is mixed. The scenarios by COWlconsult

(1990a) for the Trafikministeriet (Ministry of Transport) 1 consider both technological changes and

changes in travel and freight activity, fostered in part by changes in urban structure. But the physical

infrastructure in Denmark cannot change too radically over a period of only four decades. And people's
travel habits are also hard to change without tough fiscal measures. Indeed, the COWl simulation in

which traffic on bus and rail is boosted 100% only has a marginal impact on energy use. Hence one has
to suggest restraint in activity as part of a package to reduce energy use and emissions from these two

" rapidly growing sectors. Such measures leave many policy-makers nervous.

Understandably, then, the transport scenarios consider a base case where activity levels grow at his-

, torical rates while technology permits some reductions in energy intensities. The results show a

significant increases in energy use, and some increase in various emissions, by 2030. The scenario study

shows from bottom up calculations that a great improvement in efficiency, such as cars requiriL_gonly 2

liters/100 km (vs. approximately 7.5 in Denmark today) would permit an enormous reduction in energy

I These werenot enexplicit part of Energi 2000.
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demand. But Denmark has little control overdevelopments in the internationalvehicle market. The pro-

totype autos that use 3-4 liters/100 km have been convincingly tested by their makers, but do not yet

appear to have a change to make a significant dent on the world market. Hence they are not readily avail-
able for ordinary car purchasers. A more modest drop in fuel intensity, while easily in reach with present

developments, would still be swallowed up by increases in overall transportation activity. Thus, while

technologies that permit radical energy savings in transportation (here we include trucks and advanced
aircraft) are available, world trends are not pointing towards widespread adoption, at least not in the next

two decades (Schipper and Meyers et al. 1992). Were a change in the energy intensities of new transpor-
,it

tation equipment to appear in the next few years, then it is very likely that most or ali of the stock of

equipment will be greatly improved by 2010.

The only "solution" appears to be that implicitly proposed by the COW1 study. That is, a package

that includes fiscal measures raising fuel prices, charging for access to cities and parking, and shifting the
taxation of new cars to favor fuel efficient and/or low emission vehicles, could restrain energy use for

travel both by boosting efficiency and by restraining travel in the automobile. Similar measures would

have to be aimed at truck traffic. Admittedly, this solution is uncertain, which is cause for concern. The

one bright light is that fuel switching, stimulated by fiscal measures, could reduce certain emissions

significantly.

Thus, we find that the realism of the Danish Energi 2000 study is mixed. We deem the energy sav-

ings foreseen for both industry and for electricity uses in buildings as realistic and fully consistent with

either historical trends or what we know today about efficient energy and electricity use. We are

confident that the goal of 10% reduction in intensity can easily be reached. Whether the boldest of the

energy saving potentials in older buildings, 75%, can be reached is uncertain, although it is likely that
25% or more can be squeezed from the specific consumption of older buildings.

The real dilemma is in the transport sector. The scenarios foresee only modest improvements in

efficiency, coupled with large increases in transport activity. Only a strategy that attacks both efficiency

and activity, which involves the lifestyles of Danes, appears able to restrain energy use significantly in
this sector. We mm to this sensitive issue next.

10.3. Lifestyles and Energy

A key issue that emerges from the Scenarios is the role of lifestyles in shaping future energy use in

Denmark. By "lifestyles" we mean the pattern of activities that characterize daily lives of Danes. A

variety of studies of time, personal consumption, housing characteristics, and travel behavior all docu-

ment the changes in the way Danes live that have taken piace over the past three decades. This section

reviews briefly the implications of these changes for future energy use.

Schipper et al. (1989) studied the link between lifestyles and energy and reached several important
conclusions:

• From the 1950s until the present, rapid increases in comfort and mobility, made possible by rising
incomes, drove up energy use for these two important services more rapidly than the rise in incomes in

most countries. Acquisition of cars and modem heating systems, growth in the size of homes, and
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increases in both the size and nurnber of features of electric appliances lay behind this increase in what

Sehipper et al. called "personal energy use".

• People have spent increasing amounts of their time away from the home, either obtaining personal ser-

vices for family business, or enjoying free time.

. • The increase in ownership of household equipment is slowing as a level of saturation is being

approached. However, energy consumption depends on the utilization of these systems, not just owner-

ship. Ownership of cars, by contrast, is low by Western European standards, and could be expected to

increase in the next twenty years. While it could be argued that utilization of home energy systems can-

not increase much more beyond present levels (i.e., people are relatively comfortable), no such, -gument

can yet be made for transportation equipment. Schipper et al. suggest that future free time use will

influence heavily future transportation needs.

Schipper et al. noted that energy use per person and per unit of time in homes lies close to that in

the service sector. Therefore, spending less time at home and more time away from home would have

only a small impact on energy use in buildings as a whole. But energy use per person and per unit of time

for transportation is very high, five to ten times its level in buildings. Therefore, increases in the time

spent moving around, at the expense of time spent in buildings, could increase overall energy use. More-

over, the costs of a marginal minute spent travelling, particularly in private vehicles, is small. But how

and where people spend their time is a function of their incomes and lifestyles. Therefore, the most

important changes in energy use in the future could well arise out of future changes in lifestyles if these

changes affect mobility.

10.3.1. Future Mobility of Danes

Mobility of Danes increased rapidly after World War II, increasing by a more than a factor of four

between 1950 and 1972. According to Danish surveys (Viby-Mogensen, 1990), Danes spent twice as

much time travelling in 1987 as in 1964. 2 Their average mobility, measured in passenger-km/capita,

increased by about that factor during the same period.

Can these trends continue? The time budget surveys for Denmark (and other countries) suggest

there is no immediate time constraint on increased local travel and, as we have discussed, most travel is

local. Traffic conditions in Denmark in particular are not as congested as in other countries (except at

rush hours in large cities), so there is no real constraint posed by this problem. But Danes have far fewer

- cars than people in neighboring countries. This is an important consideration.

Historically, what has occurred with travel is simple: Individual travel time has expanded slowly

. over the past 50 years. What has increased more is the "range", or total mobility, This has occurred

because the speed of travel has increased, through the transition from walking and horses to trams and

buses, then to cars, and now to aircraft. This transition is by no means finished in Denmark, where

2 Thesesurveysexcludetimespenttravellinginor to/fromvacation,sincethe personinterviewedcannot
beawayon holidayor a longerbusinesstrip. Thus the timesurveysmayunderestimatethe increasein total
timespenttravelling.
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walking, cycling, and collective transit still provides for well over 50% of trips and 30% of mass transit. 3

Denmark, with its low car ownership and travel/capita in cars lying slightly below rest of Scandinavia,

could see a marked expansion in travel through increased motorization. The high taxes on cars have sim-

ply retarded this development in Denmark relative to neighboring countries. This is precisely what the

Referencescenarier (Reference Scenario) developed by COWlconsult (1990a) implies. Thus the level of

mobility in the Referencescenario, is not implausible.

The kinds of changes that have been occurring in people's behavior in industrialized countries to

date have contributed to greater mobility. Fewer working hours raise the number of people commuting to

and from work per hour worked. Increases in women working also have raised the total number of people

working, and often justified at least one family member driving to work. The shrinking family size,

including more single person households, has meant more car use per person. This means that the ser-

vices of using ears, such as shopping, are shared by fewer people. Older people are surviving to higher

ages today than they did 30 years ago, with better health and a reasonable level of social security benefits.

This makes them prime candidates for free-time travel, both locally and for vacations. And the post-war

generations in Denmark and other developed countries, who have grown up surrounded by personal vehi-

cles, appear to use the mobility cars provide long after they leave the work force. These changes lie

behind the simple observation that travel times and distances have increased markedly in Denmark since

the 1950s. In short, many of the most marked socio-demographic changes have led to greater travel.

Additionally, higher incomes and more free time have led to more time spent away from home, which in

rum raises the demand for buildings to visit.

lt is not hard to imagine where Danes could go. People's time at home has been relatively constant,

but they have spent relatively less time at work (seen in a 50-year perspective) and more time free, either

at home or out. And they tend to be spending slightly more time in services now than 20 or 30 ,,ears ago.

Time spent away from home for free time has been increasing in most Western countries, and with it an

increase in the travel time to/from leisure (about 15-20% of leisure time according to Gershuny and Jones

(1990), roughly true for Denmark in 1987). There is has been some increase in travel to/from services,

too, as opening hours have been liberalized. Here is a key area where Denmark lags behind many other

Europeancountries:storesand services are closed evenings and much of the weekend. But liberalization

of opening hours in Sweden, Norway, and much of the European continent could become widespread in

Denmark. Where such changes have occurred, such as in the U.S., the results have been reflected in most

surveys of driving or travel behavior.

3 B. Vilhelmson (1990) has shown for Sweden that a substitution of cars for present use of buses and rail,
with constant travel time, could lead to as much as 40% increase in total travel per capita. This would occur

if those in Sweden now without cars obtained cars, which would raise the number there from slightly over
400 per 1000 to more than 525/1000 (the U.S. lies at over 620/1000)! Webster et al. (1986a, 1986b) showed

that this motorization--acquisition of cars--is the principal "engine" of this transition. With such motoriza-
tion comes an increased mobilization, ie. rapidly growing mobility and a drop in the use of buses and the rail-
roads.
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10.3.2. Homes and Buildings

We saw in Chapter2 thatthe ownershipof household equipment and the size and characteristicsof
homes themselves are a critical determinant of energy use. With rising and falling energy prices, home

occupants/owners will adjust both how much comfort they derive from energy used for heating and other

purposes, and change the technologies of energy use (i.e., their heating systems, windows, insulation) to

• save energy, But as home size increases, however slowly, and the stock of appliances in a home is
expanded, household energy use can creep up. The study Energiforbrug i bygninger recognizes these

. trends,and assumesthat homes will be larger and better equipped in the next century. The overall impact

of these assumpt:ons on energy use in homes is rather small, only because present standards are so high.

Thus the overall changes in the housing stock related to comfortand lifestyles are small.

lt is often contended that there are important uses of electricity that could become widespread in the

home. But the only significant potential uses for electricity in homes are related to space- and water heat-

ing. Some of these applications have already appeared in limited ways in Denmark. Waterbeds, for

example, do consume significant amounts of heating, as to car seat heaters, saunas, or other important

applications of electricity to space or water heating. But the heat from waterbeds heats the bedroom as

weil. Given the high cost of electricity in Denmark, it does not seem likely that Danes will take to a mas-

sive buildup of important uses of electricity for heating purposes.

On the other hand, there is a significant potential for increases in the ownership and use of small

appliances and electronics, particularly computers. In a study prepared for the U.S. Office of Technology

Assessment, however, Schipper (1991c) argued that these applications are not important users of electri-

city for two reasons. Gr_.ater concentration of electronic power increases the waste heat in each com-

puter. Improvements in efficiency are essential for continued technological progress. This is because

more advanced electronic devices cannot operate if their components are heated. Second, the prolifera-

tion of electronic devices and small appliances does not translate directly into electricity consumption,

since each is utilized for only a limited time. Moreover, most household tasks are now well mechanized,

so the new devices do not present house occupants with major new labor-saving alternatives. Instead, this

proliferation really represents an important trend towards specialization, whereby the small appliances

(including electronics) are merely more specialized, optimized, and efficient substitutes for older style

cooking, water heating, and small tasks previously done by hand.

Physical characteristics of homes are not the only parameters that count. As Schipper et al. (1989)

noted, energy use in buildings is not independent of lifestyles. Family size and routines explain roughly

" half of the variations in energy use in homes of similar construction. Some of these routines are changing

in ways that affect average energy use. For example, families are smaller, and fewer people are home

. during the day, lowering household energy use. As Schipper et al. pointed out, however, these changes

either tta_referenergy use to other buildings, or increase total energy use in homes as the number of

homes per capita increases. The key change driving energy use is the continually shrinking family, which

drives up the per capita area that must be heated and lighted, as well as increasing the per capita owner-

ship of major appliances. Schipper et al. suggested that the shrinkage of families since 1960s in OECD

countries has increased household energy use by 25%, other factors being equal.
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Physical c raeteristics of the service-sector building stock are an important determinant of energy
use there. Well-heated and weU-lit buildings (some would say over-heated and over-Ii,) may attract more

customers. And certain kinds of buildings, notably retail stores, are particularly electricity intensive.

Sehipper et al. found that shifts in the mix of buildings in the U.S. stock between 1919 and 1986 alone led

to a small but measurable increase in energy use in this sector. But tiffs effect was smaller than the

overall increase in built area where consumers can go. We suspect the same is true for Denmark. Energi-

forbrug i bygninger assumes only a mode_' increase in built area. As with the housing stock, growth in
the area of the service-sector stock is not expected to be a major source of new energy demand.

Occupancy in the service sector is a determinant of energy use there, just as with the household sec-

tor. If people visit restaurants more often in the future (certainly dependent on income growth), restau-
rants will be more crowded in the short term, or stay open longer. In the longer term, more restaurants

will be opened. But at some point, a level of saturation appears, since people who are in restaurants can't

be at the movies, too. Since owning or renting space in buildings is not free, particularly if buildings are

located in popular spots, the overall space in the built environment where consumers spend time will be

limited by the costs of that space, relative to the willingness of consumers to visit that space.

Although the overall growth in the size of the built environment in Denmark is not expected to be

rapid, we can foresee a variation whereby people simple stay home more and go out less. This would

likely lead to slightly larger homes but less expansion in the service sector, with little net change in the

overall use of energy for both homes and buildings. If construction costs (including land, interest, etc.)
limited the size of new homes or buildings, and restricted opportunities to increase the size of existing

homes or buildings, energy use for most purposes in the built environment would increase less than in the

figures presented in Energiforbrug i bygninger. The converse is true, too.

What is essential, therefore, is to examine the factors controlling the expansion of the residential

building stock. Are there hidden subsidies for borrowing money, or tax incentives to build more? lt is

certainly not likely that energy and environment policies alone would be used to affect the size and

characteristics of the built environment, but important for policy makers to understand whether existing

policies might be stimulating changes that increase energy use here just as other policies are promoting
restraint.

10.3.3. Summary: Lifestyles Key to Future Energy Use in Denmark

In this brief analysis we s_ggested that lifestyles, which affect energy use for household purposes,

travel, and in buildings people visit, are a key factor determining future energy use in Denmark. Changes

in lifestyles related to travel can cause the greatest variations in energy use. Work done for Energi 2000

reflects this relationship: travel and travel-related energy use outpaces growth in the residential sectors.

The differences in these developments come down to two basic facts. First, the size of the built

environment is changing only very slowly, and appears to be approaching saturation. Rapid swings in

energy use in both homes and buildings occurs often in response to changing energy prices. These swings

affect comfort. But the price changes anticipated in the studies will be slow and affect efficiency more

than comfort. Changes in the utilization of buildings that occur over the longer term do not appear to be

important in influencing future energy use in buildings, in part because of the tradeoff between
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consumingenergy at homeor consumingenergyaway fromhome.

The transportsector behaves differently. Changes in the level of mobility occur very rapidly with
changes in the cost of that mobility, similar to the situation for comfort in buildings. But whereas longer

term changes in energy use in buildings depend on ml expansion of the size of the built environment,

changes in energy use for transportationcan occur with roughly the same stock of equipment, if that

" equipment is utilized more fully. And since automobiles are relatively inexpensive compared with

homes, further changes in travel-relatedenergy use can occur if and when families acquire more cars.

Automobiles have much shorterlifetimes than buildings, and the stock of automobiles contracts when

economic conditions make ownership and use expensive (such as in 1981-83 and 1990). But virtuallyno

investment is requiredif consumers want to travel more with existing vehicles. Thus we believe that

while the trendstowardshigher mobility among Danes arenot a certainty,they arenot implausible.

Breaking this trend is not impossible. The COWiconsult scenarios considersimulations of changes

in the physical layout of towns, as well as the imposition of policy measures like higher parking fees.

Such measures could both reduce the need to travel, and raise the cost as well. But these developments
would be working against trends that have appearedin every European country and Japan, trends that

point towards the high levels of travel in the U.S. Since the Referencescenarier imply that the U.S. level
of travel is reachedin Denmark,much researchis needed to understand whether this level is realistic in a

country like Denmark. If the answeris yes, authoritiesshould understandwhy, in orderto consider meas-

ures that might allow Danes to enjoy their lives with less growth in mobility. Alternatively, Danish

authorities, like those elsewhere, must redouble their efforts to improve the efficiency of vehicles, and

reduce emissions as well, so that the effects of increasedmobility on the local andglobal environment are
acceptableto all.



11. RECOMMENDATIONS: AN 4,LYSIS AND INFORMATION FOR BETTER POLICIES

In this study, we have examined many sets of energy data for Denmark, and confronted at least two

complete revisions of official energy demand data in the process. We uncovered many key uncertainties

that cloud both our analysis and, to a certain extent, our conclusions. In this section we set forth three

important recommendations for research and data collection that could rectify some of the problems we
. encountered.

The first recommendation addresses the need for basic energy data as well as information on the

sectors where energy is used. The second recommendation addresses uncertainties over how much

energy has been saved by individual energy-_ving measures. The third recommendation focuses on the

poor understanding we have of how individual lifestyles affect energy use.

11.1. Demand.Side Energy Data

Denmark needs a demand-side energy data system. The present system, by which energy suppliers

reporton the kinds of energy they sell, but leave the natureof the final user up to judgment or rules of

thumb, does not provide accurate information on the ultimatedisposal of energy in the Danish economy.

Only the regular survey of industry by Danmarks Statistik gives reliable information on who uses energy
in Denmark.

Three major uncertainties we uncovered show why better energy use data is important. The first is

the separation of fuel consumptionbetween the residential and service sectors. Uncertainties in dividing

up fuels between apartment buildings and service sector buildings are great enough to cloud the picture of
how much consumption has changed in these two sectors. Differences in the institutional structures of

these sectors, i.e., households vs. firms or service-sector building tenants, make it inappropriate for these

kinds of buildings to be aggregated. The second problem arises out of confusion over the allocation of

diesel fuels/heating oil between transportation and buildings. The final problem arises because the parti-

tioning of road fuels into distinct sectors, such as cats, buses, or trucks, is itself fraught with uncertainty.

These three problems arise because energy suppliers cannot reliably classify their customers for liquid

fuels, but problems in classifying customers for district heat and even natural gas arise as well. These

problems create uncertainties that can mask changes in energy efficiency and make it difficult for authori-

ties to tell whether a particular energy efficiency policy is succeeding.

To rectify this problem, Energistyrelsen, together with Danmarks Statistik, should turn to the major

energy users, such as airlines, bus companies, trucking firms, large apartment management companies,

• automobile fleet operators, and, through carefully designed surveys, homeowners/occupants and car

drivers, to obtain both data on energy use as well as information on the characteristics of the structures

. and equipment using energy, and the utilization of that equipment. Fortunately, Energistyrelsen and

other authorities in Denmark have a tradition of working with ministries and other public authorities close

to each of the sectors where energy is used. This tradition should be exploited for improving energy-
related data in Denmark.
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11.2. Understanding Sectoral Trends to Measure Energy Savings

Understanding energy use in each sector is not the only important step in providing better informa-

tion on trends in energy demand, lt is important that good information on the characteristics of equip-

ment and activity in each sector is coupled to energy data.

Danish authorities made an important step in this direction with the establishment of Bolig og Byg-

ningregister (BBR). What is lacking from this data base is information on water heating and cooking

equipment and electric appliance ownership. 1 If such information is added to BBR and a survey based on

a sample of BBR dwellings that asks detailed questions about actual energy consumption is carried out

every few years, then authorities will have a very clear picture of the relationship between the structure of

energy use and actual consumption, and thereby be able to estimate the unit consumption of each fuel for.o

'"each purpose more accurately. 2 A similar survey should be instituted to investigate energy use and equip-

ment in service sector buildings.

To better understand trends in transportation, authorities should pursue extending the various sur-

veys of the Ministry of Transportation (Trafikministeriet 1986) to include information on energy con-

sumption in private modes of transport and the characteristics of vehicles used. Similarly, information

gathered from private truckers and trucking companies by Danmarks Statistik and other authorities should

be extended The same information could be used to monitor energy use in

An important result of such detailed information will be a clearer view of how energy use changes

after important policy measures are implemented or conservation actions arc taken. For example, energy

use in buildings where Heat Inspection (varmesyn) recommendations have been carried out could be

examined to see how much was saved. Energy use in these buildings could be compared to that in build-

ings where no such measures were carried out. The same information could be used to monitor energy

use in recently built homes, particularly lavenergihus. A final, and very important task, is to study the

relationship between fuel switching and energy use. How much natural gas or district heating is required

in homes or buildings formerly using oil? These data are important if authorities are to judge the progress

being made towards the heat-saving goals implicit in Energiforbrug i bygninger.

Buildings are not the only sector where energy conservation strategies are being pursued. Present

data coveting modes of travel or freight are too uncertain to permit judgment of the effectiveness of

measures to restrain energy use in these sectors, except after several years have passed. Industrial energy

use data are reported to Danmarks Statisitik, but there is almost no information on energy use and physi-

cal production of materials. Given the rising electricity intensity seen in Danish industry, it would be

useful to understand both the economic and physical nature of this increase.

1 The 1970Census (Folkog boligtcelling),for example,containedinformationon fuelsusedfor cooking
butnot forheatingwater.

2 In the U.S., the HouseholdSurvey(ResidentialEnergyConsumptionSurvey, carriedout every three
yearsby the EnergyInformationAdministrationof the U.S.Departmentof Energy)asksrespondentsto give
the surveycompanypermissionto contactenergysutrpliersdireeflytogetnecuratebillingrecords.
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11.3. Energy and Lifestyles

Enhap.ced ene_'gy-use information will also shed more light on the link between lifestyles and

energy use. Do those Danes who have low energy use at home use more energy use fol_transportation?

Can we specify better the relationship between energy use for homes and l_rsonal transportation and a

family's demographic characteristics? These relationslfips will become more important as household size

. falls and the average age c._"the Danizh population increases, two factors that will influe,nce future lifes-

tyles in significant ways. Similarly, car owne:ship is expected to increase, and with it, personal travel.

Understanding now how filese changes affect energy use will provide useful information for policy mak-

" ers trying to estimate the impacts of changivg Danish lifestyles on future energy use in Denmark.

IIA. What Other Countries Do about Energy-Use Data

The level and quality of energy use data varies among OECD countries. 3 Detailed energy-use sur-

veys covefinF' major sectors of demand are regul_[y carried out in the U.S., for the Department of

Energy's Energy Information Administration, and in France for the Agel.,:e Francaise pour l_ Matrise

_fEnergie. Th¢':e.surveys include information on equipment characteristics, changes in energy use, and
energy conservation measures carried OUL

Household energy use is carefully studied by regular surveys in France and the U.S. Partial surveys

of energy use in homes are carried out regularly in Sweden and Holland, the Swedish surveys examining

only heating fuel use, the Dutch surveys focusing only on gas use. Ad-hoc surveys of household energy

use have been out in Japan an_ Norway. Very litth" information on actual consumptio:n is available for

Canada or Germany. Suweys in Britain have been carried out by the electricity and gas industries

separately, but there has never been a full survey of both consumption and structural characteristics.

Energy use in the service sector is poorly docmnented. Pan of the reason is that the service sector,

together with the residential secwr, form a residual of energy consumption once transpo_tion and in0us-

trial fuel and electricity use has been accounted for. Complicating the picture for the seJrvice sector is '.,he

heterogeneity of the building stock and the uses of,energy in service-sector buildings, particularly uses of

electricity. Only the U.S. carries out a complete survey of building characteristics, actual fuel use, and

conservation activities in the service sector. Partial surveys are_carried out regularly in Sweden, and have

been carried ot_t on an at_ aoc basis in Japan, Norway, France, and Holland. In some o_untfies (Canada,

Germany, HvIland) the total area of service sector buildings is not even well known.

Energy use in industry is recorded in almost every country, I_utfew countries carqt out detailed sur-

. veys that add information on processes, fuel substitution, energy conservation measures. The U.S. arid

France are important exceptions.

. Transportation energy use is also poorly understood in most _untries, where rules of thumb have

provided some information on both utilization of vehicles and travel behavior as well as fuel efficiency

and fuel use. Almost every country undertakes travel behavior surveys, or freight activity surveys, but

3 In the course_ of research over the past dozen years, LBL's International Energy Studies Group has ex-

amined energy data from Japan, the U.S., Canada, Holland, France, Norway, Sweden, Italy, West Germany,
and, to a lesser extent, Switzerland, Austria, Finland, and Belgium.

i



APPENDIX A: ENERGY USE IN THE RESIDENTIAL SECTOR

A.1. Analyzing Residential Energy Use Data

There are two basic approaches to analyzing residential sector energy consumption. The ideal

approach starts with careful surveys of household equipment and energy consumption (specific consump-

• tion) in surveyed households and uses a combination of measurement, regression analysis, and judgement

to multiply each kind of equipment by its energy use to get total use by fuel. For Denmark, the survey of

building heating carried out by the Dansk Teknologisk Institut in the late 1970s (Christensen and Jung-

mark 1981) made such an approach possible. This approach, combined with M¢ller's persistent analyses

of the use of electricity, information available from gas authorities in the 1970s and early 1980s, and the

Bygnings og boligtadlning (BBR) (Danmarks Statistik various years) and omnibus surveys of Danmarks

Statistik (various years), permits a fairly accurate breakdown of energy use by fuel and end use. We fol-

lowed this approach in our original analyses of the residential sector (Scbipper 1983) and of the service

sector as well (Schipper, Meyers, and Ketoff 1986).

Unfortunately, this method cannot easily be applied in the 1990s. This is because the Dansk Tekno-

logisk Institut surveys of oil and district heating consumption were never repeated. While experts gained

many insights from observing how specific consumption (energy use per sq meter) varied between build-

ing types or fuels, the changes in unit consumption by the mid 1980s were so great as to render further

extrapolation difficult. The only reliable information on specific consumption comes from a large sample

of homes that have had Heat inspections (Budde and Pedersen 1986). But this sample is biased, since

inspected homes are likely to be those with unusually high energy costs, and hence unusually high

specific consumption levels. Surprisingly, the figures in Budde and Pedersen for 1982 are close to our
own estimates.

Given the lack of recent observations of energy consumption in homes, experts have tried a second

approach to analyzing the energy consumption of the residential sector. This approach distributes total

consumption of each fuel over various end-uses. In principle, this should be done separately for single-

family dwellings, multi-family dwellings, and non-residential buildings, but the official data reported to

Energistyrelsen (1990) do not distinguish between apartments and other large buildings. Hence, oil and

district heating consumption levels between homes and services and between home types are uncertain.

The best that can be mustered is to use ali indicators of,q3ecific consumption tbr heating and hot water by

fuel, and use the known area of buildings using each fuel to obtain total ene rg3' use by fuel for house-

. holds, and, as a residual, for the service sector.

A.I.1. Approach Used in This Study

Our method for this report combines these two approaches. We distinguish between single-family

dwellings (SFD [stue-, pamel- , razkke- og kazde-huse]) and multi-family dwellings (MFD [lejliheder,

kollegeboliger]) for estimating specific consumption for heating, water heating, and electricity use for

certain appliances. Using extrapolations of information from our original study---measurements and

guesstimates of specific consumption, many updated---we build a model that multiplies the number of

homes using a given fuel for heating times our estimate of specific consumption per dwelling of that fuel.
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The most important energy sources in the residential sector have been oil and district heating. Our

method requires us first to separate the residential and service sector portions of the use of these two

energy sources, a proc_ure which we describe below. Then we partition energy use per dwelling into

space heating and water heating. Using a few references from the literature (see, for example, Lawetz

1986 and Ketoff and Schipper 1990), we assume a certain specific consumption of each source for water

heating. This allows us m separate heating from water heating. 1 We assume that the number of homes

using a fuel for central space heating, i.e., district, oil, (as well as gas), is almost identical to the number

using the same fuel for water heating. Exceptions are solids and oil, where anecdotal evidence suggests

many use boilers only for heat and that some households use electricity for water heating and oil for space

heating, since the oil heating system does not produce hot water efficiently for much of the year.

Electricity and gas are treated differently. Electricity use for heating, water heating, cooking, light-

ing, and six appliances (see below) is estimated using ownership and estimated specific consumption.

Use of electricity for secondary heating is estimated separately. Other uses are treated as a residual in this

study. We used M¢ller's most recent data (1991a), but, after discussions with him, removed the apparent

smoothing he undertook. We discuss electricity use further under each important end use. Breakdown of

uses of city gas follows older information from Foreningen Dansk Gasvcerker (FDG, the Danish Gas

Federation), where heating is the residual; unfortunately, no such information exists for natural gas, so

our split into heating and water heating is somewhat arbitrary, following the known numbers of homes

using natural gas for central heating.

Unless otherwise noted, energy data for the residential sector are corrected to normal climate. This

co_on is carried out by multiplying actual space heating consumption of each fuel (excluding con-

sumption for other purposes, such as water heating) by the ratio of average to actual degree-days. This

differs from the correction formula of Energistyrelsen, where half of the variation in degree days is multi-

plied by consumption of fuels for both heating and hot water. Additionally, Energistyrelsen (1990) uses a

time series of degree-days that appears to be based on 16°C indoor ten_perature. We derive our time

series of heating degree-days for Denmark by adding 450 degree-days (225 days at a 2°C temperature

difference) to the Energistyrelsen series to adjust for definitional differences. This means that Denmark

has an average of 3141 degree-days measured at an indoor temperature of 18°C in our international data

base. For comparison, Germany has 3116 degree-days, Sweden and Norway nearly 4000.

A.1.2. Data Sources

We have relied on Danmarks Statistik for data on heating fuels (Folk og Boligtaelling 1960, 1965,

and 1970; BBR 77, 80-90), cooking fuels (1960, 1965, 1970). Data on the structure of fuel use is comple-

mented by information from older Forening Dansk Gasvcerker yearbooks. Some data on heating struc-

ture were taken from information provided by Shell (various years) in the mid 1980s. With insights

1 It is apparent from examining the BBR that there are still a few tens of thousands of homes using oil
(kerosene) in room heaters. We have estimated this use over time using information provided by Shell. We
also estimated the small use of LPG for cooking, using data from Dansk Kedelforening (1978). These esti-
mates are described in our 1983 report. These two uses are separated from remaining oil use, which is then
divided into (cenffal) space heating and water heating.
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provided by these sources, we estimated the split of non-centralheating in apamnents (given only for
recentyearsby BBR),covering city gas, kerosene,solids, andelectricity.

The main sourceof datafor the structureof electricity use andownershipof electricalappliances is

M¢ller (1991a). We also use the annual reportsof Danmarks Elvaerkers Forening (1985, 1987) for data
on the numberof homes withheating.2 Most of M¢ller's data come from Omnibus surveys carriedout by

. Danmark Statistik (variousyears).

A.1.3. Splitting Residential And Service Sectors
i

We separateoil and districtheatingconsumptioninto the residential and services sectors following

the method suggested by Energistyrelsen (1990). We note the shareof areaheated by oil andby district

heat in residential andin service sector buildings. We also calculate the shareof each kind of building

heated by gas. Assuming that specific consumption for each fuel (energy use per sq meter) is roughly

similar between homes and service buildings, we partitioneach fuel according to the share of area in

either homes or buildings.3 Implicit in thismethod is the assumption that, over the shortmn, changes in
the unit consumption of oil in homes and in buildingsare also similar.

Data for relative areasare taken from BBR 1977, 1981, andyears thereafter. Data for 1972 were

estimated from the share of homes and buildings heated with oil or district heat in 1977 that had been

built before 1972, takinginto accountthe fact that some oil-heated homes and buildingsconvertedto dis-
trict heatbetween 1972 and 1977.

Using this method, we arriveat a somewhatdifferentpartitionof gas than Energistyrelsen uses, but

similar figures for the partitionof oil and districtheat. When we compare our figures and those of Ener-

gistyrelsen, the overall differencesare small, butour figures appearto lead to smootherandmore realistic

changes in oil and gas use in the yearsafter 1986. Ourfiguresfor total consumptionof oil in homes after

1986 do not fall quite as fast as does the consumptiongiven by Energistyrelsen.

A.2. Energy Use in Danish Homes: Some Basic Findings

We obtain important results when the proceduresoutlinedabove are followed. Total final residential

energy use in Denmarkremained relatively constant in the 1970s and decreased in the 1980s. The high
value, 225 PJ, was passed in 1970, while the low value of 180 PJ occurredin 1984, rising to 186 PJ in

1990 (see Figure 2-2 in text). Corrected for climate (as explained above), consumption reached its
highest level in 1972 at 248 PJ, fell to as low as 178 PJin 1984 and 1985, then fluctuated between 180 PJ

' and 185PJ fortheremainderofthedecade.Partofthisreductionoccurredbecauseofthegradual

increaseintheshareofdistrictheatandelectricityinspaceheating,waterheating,andcooking.Primary

. energy use, which is another measure of energy consumption that counts both the losses incurred when

fossil fuels are burned to provide district heat and electricity and the losses that arise when these fuels are

2 Defmed before 1986 as the number of SFD or MID with consumption over 10,000 kWh and 6,000
kWh/year,respectively,but after1986 according to whether the homes actuallyused electricity forheating.

3 Survey datacomparing similar energy uses in Sweden show that the intensity of fuel use in Swedish
homes is close to the intensityof fuel use in buildings, justifying our assumption.
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Iransmitted to customers, behaved differently. Corrected for climate, primary energy use started at 263 PJ

in 1970, rose to 297 PJ in 1972, fell back slightly and then recovered to 291 PJ in 1978, fell sharply to

253 PJ in 1982, and then grew slowly to 270 PJ in 1990.4

The broadest indicators of energy efficiency in the residential sector show considerable change dur-

ing this period. By 1990, delivered energy per capita had fallen by 27% relative to 1972, and primary

energy use per capita was 12% below its 1972 value. Since the number of people per household fell shar-

ply over the period, energy use per dwelling fell by considerably more than did energy use per capita. If

we assume that about 66% of the energy in oil and gas is provided as useful heat to the house, 55% for

solids, and 100% for district heat and electricity,then we can measure "useful energy" (the heat and other

services delivered by conversion of fossil fuels) per dwelling or per :apita. (Using these figures elim-

inates most of the distortion that occurs when different fuels are aggreg_'.ted.)We find that useful energy,

per dwelling and per capita, declined sharply as well (see Figure 2-3 in text). These declines imply that

significant improvements in energy efficiency took piace in this sector.

Energistyrelsen (1990) assumes that conversion losses were actually higher in the early 1970s but

somewhat lower by the mid 1980s. This does not change our basic conclusions regarding the magnitude

of energy savings in the residential (or service) sector. But this assumption does imply that considerable

savings occurred because of improvements in design and use of heating systems themselves. We agree

with this implication, and thus point out that our figures for useful energy for the 1970s are slightly too

high, while those for the late 1980s are slightly too low. But the exact quantification of conversion losses

is unknown. Rather than impute information about the changes in conversion losses, we prefer to assume

constant figures.

A.2.1. The Structure of the Residential Sector

Important changes in the demographic and fuel consumption characteristics of the residential sector

took piace. Population, our measure of residential activity, grew by 3%, from 4.99 million people in

1972 to 5.13 million in 1990. 5 The number of dwellings increased by 25%, from 1.89 million to 2.36 mil-

lion. The share of single family dwellings increased from 55% in 1970 to 60% in 1990. Household size,

calculated as the population in dwellings divided by the number of dwellings, declined from 2.76 persons

per dwelling to 2.17. Home size increased from 98 m2 per dwelling to over 107 m2. The penetration of

cenu'al heating, including fixed electric heaters as the main heating source, increased slowly over the

period from 82% in 1970 to 96% in 1989. The ownership of major appliances increased substantially

over the period. Together, these structural factors led to significant increases in the demand for energy

4 Our analysis of residential energy use is a further development of our 1983 study published in Energy
Policy (September).

4

5 The population estimates are for January 1 of the year cited. The figures used to calculate household oc-
cupancy count people in households only. For 1990. for example, we count 2.35 million households or occu-

pied dwellings housing approximately 5.03 million of Denmark's 5.13 million people. The official figure for
"husstande i egenllige boliger" (households in actual dwellings) is only 2.23 million. It appears that empty
dwellings account for the difference, which amounts to about 6%. Since the discrepancy between full popu-
lation and population "i boliger" (in dwellings) is only 2%, this means we have introduced a small error of
approximately 3% as an underestimate of household size in homes. This can safely be ignored.
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services.

Fuel mix, defined as the share of final consumptionprovided by each fuel, is driven by the number

of homes using a fuel for a given purpose multiplied by the specific consumption of that fuel. The
number of homes using a fuel for a given purposeis denoted by fuel choice. Fuel choice is considereda

"discrete"variable: either a home uses oil for heating or it does not. However, increasingnumbers of

, homes in Denmark(and elsewhere) use a second fuel for heating as a supplement to their primaryfuel.

Informationabout this practicein Denmarkis spotty, but it is assumedthat much of the solid fuel and a

shareof kerosene have been used to supplementelectricity, accordingto Omnibus surveys of Danmarka

Stafist/k. andas much as 300 GWHof electricity (in thecold years 1985-1987) has been used to supple-

ment oil or districtheat in key rooms. Additionally,electricity may have been used to provide hot water

in the summer,permitting a household to turnoff a largeoff-firedcentralheatingsystem.

Figure A-I shows that the fuel mix in Danish homes changed significantly during the past two
decades. For space heating, oil yielded slowly to district heating from the mid-1970s onward. Gas

became a serious substitutefor oil after 1984. For water heating, oil yielded to district heating, electri-

city, and then gas. L_ and city gas lost most of their marketsto electricity for cooking, although we
suspectthat naturalgas began to appearin some homes in the late 1980s.

A.2.1.1. Space Heating

Oil, which provided space heating for more than 62% of all homes in 1970, lost share slowly

through1985 but still held 50%of homes in that year. Districtheatingand electricity dominatedthrough

1985. By 1990, however, oil's share hadplungedto under37%, yielding mostly to gas anddistrictheat-
ing, which reached45% of homes by 1990 (Figure A-2).

Use of solids as a source of heat increased during the early years of the 1980s, a time when

Denmark's economy was facing a severe slowdown. Complementing small uses of coal or petroleum

coke were important uses of renewables (vedvaerande energi), particularlystraw and wood for central

heating. Small "brandeovne" (heating ovens) became popularin the hard times of the early 1980s, and
local trash burning agencies noted a decline in their own collection as citizens found a convenient, if
somewhatsmelly, source of extra heat. Thus, the main force behind the rise in the use of solid fuels has

been fuel choice, both conversions to solid fuels in centralor stove heatingand increases in the numbers
of stoves used for supplementalheating. While the rise in the use of these fuels slowed in the mid 1980s,

it has increased once againaccordingto Energistyrelsen (1990) figures. Our interpretationof BBR sug-
. gests that more people started using small stoves again in 1989 and 1990, and some of this fuel is cer-

tainly used in combination with oil or electric heating, as is common in Sweden and Norway.

A.2.1.2. Water Heating

Water heating fuel choices followed similar trends (Figure A-3). As noted in the description of our

methodology, we assume that water is heated by the same fuel that provides central space heating (for

district heat and natural gas and, for the most part, oil). The two most important fuels for water heating

have been oil and district heating, which were found in more than 75% of homes in 1972. A switch away

from oil occurred that accompanied that of space heating: District heating increased its share from 30%
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to 44% of all homes in the years between 1970 and 1989. By 1990, oil and district heating together held

a 75% share of the water heating market.

Gas and electricity provide most of the remaining Danish homes with hot water. From older FDG

documents, we know that there were some "gennomstrmningsapparater" (point-of-use water heaters)

using city gas in apartments, and gas boilers in a few buildings with city gas-based central heat. These

have gradually disappeared, particularly as central heating was added during times of building renovation.

We assume, however, that natural gas has entered the hot water market along with space heating, reaching

a share of perhaps 10% of ali homes in 1990. Meanwhile, electricity represents a small but important part

of the water heating market. Its share increased from 4% to 12% of ali homes during the same period.6

Consequently, the share of homes with oil-fired water heat lay 2-3 percentage points under that for space

heating.

A.2.1.3. Cooking

Cooking fuel choice has followed a somewhat different course (Figure A-4). City gas fueled more

than 35% of all homes in 1970. This figure dropped steadily through the mid-1980s, until natural gas

began to supplant or substitute for city gas. LPG appears to have lost its share steadily from almost 20%

of homes in 1970 (according to Folk og Boligtaelling) to only 1% of homes in 1990 (our own estimate).

The remaining homes use electricity for cooking. Starting at a share of under 50% in 1970, its share rose

steadily until it reached 82% in 1990.

A.2.1.4. Appliances and Lighting

Over the years there has been a gradual increase in the level of appliance saturation for the six most

important appliances (refrigerators, freezers, refrigerator/freezers, dishwashers, clothes dryers, and clothes

washers, all shown in Figure A-5). 7 For clothes dryers and dishwashers, this meant significant increases

in ownership from very low levels in 1972. The only appliance that shows a decrease in saturation level

is the refrigerator, which has lost market share to combination refrigerator-freezers (combis). Combis,

together with clothes washers, show the fastest increase in saturation level, from 9% to 37% and from

35% to 66%, respectively, between 1970 and 1989. The saturation level of combis, clothes dryers and

dishwashers will probably continue to grow in the future. In general, the increase in ownership of these

appliances, as well as increases in size, drove electricity consumption up, ali else equal. These appliances

account for about 50% of the electricity use for "Lighting and Appliances".

6 We assumethateveryhome withelectricityas its mainheatingsourcealso haselectricwaterheating.
We assumethatsomeof thosebeatingwithkeroseneintheearly1970susedelectricityfor theirprincipalwa-
ter beat; fromanecdotalevidence,it appearsthata fewpercentof homesbeganto useelectricityfor water
heatingevenif theypossessedanoil-firedcombinedbeatandwater-heatboiler. Butthedifferencebetween
electricwaterheatpenetration(Metier(1991a)findsan unusuallyhighfigureof 14% in 1990;.we believe
13.1%representsfull-timeusers)andelectricheatpenetrationindicatesthatnearlyhalfof thosewi_.electric
waterheatusedadifferentsourceforspaceheating.M_ller(1991a)notesthatabout12%of thosewithelec-
tricwaterheatersin theirmainhomesin 1990saidthattheyonlyusedtheminthesummer.

7 WehavefollowedM¢ller'sworkatDEFUcloselyformorethantenyearsend usehisreportsasa guide
to ourunderstandingof electricityusein general,andelectricappliancesandlightinginparticular.
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The remaining electricity use is distributed over lighting and many smaller appliances. Lighting

electricity use is subject to many uncertainties. M¢ller (1991a) estimates that the number of bulbs per

household has increased significantly. Other appliances discussed by M;_ller that are worth mentioning

include TVs and other electronics, central heat pumps in detached houses, and many small household

appliances. Their numbers have also increased, according to M¢ller.

A.2..2. Reduced Energy Intensities: Fuel Switching and Changes in Energy Use

Energy intensities for space heating were significantly below their 1972 values by the late 1980s

(see Figure 2-4 in text). Energy intensities of cooking and w_ter heating also fell on a per dwelling basis,

but only marginally on a per capita basis. 8 Overall, the cuts were so large that homes in Denmark would

have used approximately 65% more fuel and 15% more electricity in 1990 if these changes had not

appeared.

However we count the various energy forms, we found that primary energy use per capita or per

household declined significantly. That is, the energy intensities of the major energy use by major fuel

declined, which we explore in the next section. Only a small part of this decline can be attributed to a par-

ticular accounting convention. In the next section we discuss the components of this decline.

A.2.2.1. Space Heating

Space heating energy use is calculated for each dwelling and for each fuel by removing the

estimated use of that fuel for water heating, cooking, and other end-uses. Although these adjustments are

uncertain, the share of space heating in total energy use is so large that uncertainties in the quantity of

energy used for water heating and cooking have little impact on the residual space heating.

Space heating fuel use in 1972, corrected to normal climate, was approximately 155 PJ, electricity

use I PJ, and district heating 34 PJ. By 1990 fuel use had fallen to 74 PJ, while electricity rose to 5 PJ

and district heating rose to 42 PJ. In the aggregate, useful energy for space heating declined by 32%. The

number of dwellings increased by 25% during the same period, and the area of each home increased by

nearly 8%. Useful energy per dwelling thus fell by 45% in the aggregate. The changes indicate that

significant improvements in energy efficiency have taken place.

If we examine the individual heating fuels we come to the same conclusion. Our estimates of the

delivered energy intensity of each heating source are shown in Figure A-6, along with the aggregate,

measured in useful energy/dwelling. Average consumption of oil, per oil-heated dwelling, fell by 47%

" between 1970 and 1989. During the same period the use of district heating fell by 41%, and that for elec-

tricity by approximately 45%. There were no significant shifts in the proportions of homes heated by any

• fuel that were either single-family (SFD) or multi-family (MFD). At the same time, the average area of a

S Recall that cooking energy use is removed by assumption (M_ller gives figures for electricity). The as-

sumption that 66% of the energy in gas is "useful" may overestimate the contribution of gas to useful energy
for cooking. As a result, the likely rise in gas use that occurred wilt increased popularity of natural gas ap-
pears to raise useful energy for cooking. We assumed deep cuts in water heating intensity from both oil and

electricity, but these were almost matched by the drop in people per household. Consequently, on a per capi-
ta basis, useful energy for water heating actually increased.
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dwelling increased in size. The effects of falling intensities must be real. Summarizing ali of space heat-

ing by converting solids to useful energy with an efficiency of 55%, and oil and gas with an efficiency of

66%, we estimate that aggregate space heating intensity in the residential sector (i.e., per degree day and

per sq meter)declined by 48% !9

It is essential to point out that the intensities of space (and water) heating have not fallen continu-

ously. From earlier Energistyrelsen and Shell data we found that the drop in oil and district heating inten-

sities after the 1973 oil price shock wore off by 1978, something we observed in other countries as well

(Schipper 1983). The declines that occurred after 1979 were much deeper and appear permanent in 1990.

Although data are somewhat uncertain, there appears to have been a slight rebound in 1986 and 1987, fol-

lowed by a drop back in 1988. And there does not appear much change in intensifies during the remain-

ing few years, perhapsbecause homeowners focused instead on fuel switching. If the various environ-

mental initiatives in Denmark manage to keep heating fuel prices high, in real terms, we do not expect the
same rebound we saw in 1987 to occur.

A.2.2.2. Water Heating

Energy for water heating is calculated bottom up, using assumptions about specific use per dwelling

by fuel and the number of dwellings using each fuel for heating water (see above). Our estimates of the

unit consumption of water heating by major fuel are shown in Figure A-7. Although the figures are

clouded in uncertainty, it is hard not to believe that as the combined total (heat + hot water) in homes

using oil or district heat fell, that both components declined substantially. When ali energy used for heat-

ing water is aggregated and converted to useful energy, the result is a clear decline of water heating

energy per dwelling fell by over 16%. However, measured on a pcr capita basis (see Figure 2-4 in text),

this improvement was matched by the decline in household size! 1o Ali else equal, water heating intensity

should vary with the square root of household size (Schipper et al. 1989). But between 1972 and 1990,

water heating energy use/dwelling fell more than did the square root of family size. This means that there

was an apparent conservation effect for water heating as weil. lt is worth noting that the small increase in

water heating we show occurs between 1988 and 1990 is caused by the sutden increase in the importance

of natural gas, for which we have no data on consumption.

9 This figure is of course subject to our assumptions about hot water use. But even if we were mistaken in

our assumptions about the intensity of hot water use (or its change), the combined heat and hot water figures
fell dramatically.

10 Given the uncertainties in dividing water heating from space heating (see Schipper 1983) we believe it
is possible we understated the decline water heating intensity by overstating slightly the decline in space heat-
ing intensity. On the other hand, there is no simple way to define the hot water production of a combined

oil-fired heating and water heating boiler, because the efficiency of hot water production is actually very sen-
sitive to the overall utilization of the system. In the warm months or summer, this efficiency may fall below
25%.
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A.2_.3. Cooking

Cooking fuel and electricity use is derived by assumptions on unit consumption based on informa-

tion provided by M_tler (1991a) and FIX], as well as our own estimates of use for LPG (See also Dansk

Kedelforening's (1978) analysis of energy use patterns in 1972). The number of homes using each fuel

for cooking is multiplied by the assumed unit consumption of that fuel. Given the many uncertainties, the

. trends in Figure A-8, both individual or aggregate, cannot be taken too seriously. Up until the mid-1970s

total delivered energy use decreased for cooking, a consequence of increased substitution of electricity for

gas or even solids. The total turned upward when the penetration of gas appeared to increase in the mid
a

1980s. Useful energy per dwelling fell steadily through the mid 1980s, then began to increase slowly as

gas penetration increased. II On a per capita basis, however, cooking intensity appeared to increase

significantly after the mid-1980s, Pan of this effect is real, a consequence of the declining number of

household members. Unless better data indicate actual values for the intensifies of both electric and gas

cooking in recent years, we can draw no conclusions from these findings.

A.2.2.4. Appliances and Lighting

Figure A-9 shows a breakdown of total electricity sales by major end use. Electricity use for house-

hold appliances and lighting (those uses tr,at are almost always satisfied by electricity) grew rapidly in the

1970s, then much more slowly in the 1980s. The main reason was a dramatic drop in the electricity inten-

sifies of individual appliances. During the entire period, however, appliance ownership levels continued

to grow. The overall result was strong growth in appliance electricity use per capita through the mid-

1970s, then stagnation and fall through the early 1980s, then slow growth thereafter, as shown in Figure

2-4 in the text.

Electricity use per household for most of the six most important appliances has decreased over the

period from 1970 to 1990. This is because the use of electricity per appliance fell sharply. (The figures,

from M_ller (1991a), are given in Figure A-10.) Increases in ownership of combis and washing/drying

equipment nevertheless outweighted these improvements, so electricity use per household for these end
uses increased.

M_ller estimated the electricity use in new appliances fell sharply. This improvement was the driv-

ing force behind the overall reduction in energy use per average appliance that occurred between 1972

and 1990. Since new appliances still use less electricity than existing ones, average use per appliance

continues to fall, albeit more slowly than in the mid 1980s.

" According to Moller's estimates, energy use for lighting has been increasing in a slow but steady

pace from 2.7 PJ in 1970 to 5.0 PJ in 1990 (750 GWH to 1390 GWH). He assembles information from a

• variety of sources to track an increased electricity consumption per sq meter of floor area, from 4.28

kWh/sq/year in 1970 to 5.54 kWh/sq m/year in 1990. Our estimates lie close to his, but we believe con-

sumption was stagnant between 1978 and 1981, as electricity prices shot up. (His figures show an

increase in lighting energy use per sq meter of household floor space.)

II Theseresultssre inpartaconsequenceof ourimperfectmeasureof useful_ergy forcooking.
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To be sure, some efficiency improvements in lighting have occurred, lt is believed the use of

fluorescenttubes and compact fluorescentlampshas increased,but the numbersthat M¢ller (1991b) cites
from the 1990 Omnibus, (Danmarks Statistik, various years)0.8 tubes or 0.2 compact fluorescentsper

homes, arefar too _'_wfor any impacton lighting energyto be measured. We awaitconcrete results from
the Danishutilities currentlysupportingthe spreadof such lamps.

The substitution of electricity for fuel in heating,waterheating,and cooking was an importantcause

of growth in household electricity use in Denmark. Other things being equal, this substitution alone

increased electricity use in the substitutablemarkets of heating, water heating, and cooking by 175%.

Increasesin the ownershipof appliances and lighting equipmentcausedan increase in electricity use for

those purposesof 75%. The net result of these changes was that the substitutablemarkets for electricity
increasedtheirshareoftotalresidentialsales from33% in 1972 to45% in1990.

If wehadcountedthewaterheatedinwashers,theincreaseintheshareof"substitutable"electricity

wouldbeevengreater.Consequently,wemadeanimportantadjustmenttoourfiguresfortotalelectricity

forlightsandapplianceswhen we aggregateelectricitywithotherfuels.We takeestimatesofwater

heatedbyelectricityinwashersanddishwashers(almostalwaysthecaseinDenmark)andincludethisin

ouroverallhotwaterfigures,countingthiscontributionofelectricitytowaterheatingthisway.Failureto

dothisintroducesabiasovertime,asmorefamiliesusemachinesratherthantankstoheatcoldwaterfor

washing.Thatis,we shouldseeadeclineinhotwaterpreparationfromtanks(orfromotherequipment)

anda subsequentriseintheroleofelectricityforthispurpose.By makingthisadjustmentwe canmore

easily compareDenmark to Sweden, where dishwashers accept hot fill from tanks, or the u.s., where
both dish- andclothes-washersmn on hot flU.
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Household Energy Use in Denmark
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Household Electricity Use in Denmark
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APPENDIX B: ENERGY USE IN THE TRANSPORTATION SECTOR

In this appendix we explain our analysis of the data for transportation. We place particular

emphasis on our reconciliation of data from Trafdcministeriet (the Ministry of Transport., formerly the

Ministry of Public Works, MOA), as provided by S_rensen (1990, 1991), 1 from Energistyrelsen (1990), 2

and from other sources named below. After our work and discussions with Danish experts, we have made

. many important adjustments to transportation-related energy use data. These are noted below.

B.I. Sectoral Overviews: Travel and Freight
lt

Translx_rtation consists of two sectors: passenger travel and freight. Travel activity is measured in

passenger-kilometers (p-km), freight activity in tonne-kilometers (t-km). These are further divided into

modes: automobile (including taxi and varebil [light truck]), two-wheeled vehicles (motorcycle and

moped), bus (local city, intercity, and charter), local rail (including the S-bane in Copenhagen), and inter-

city rail passenger (including private railroads); trucks above two tonnes, rail freight, domestic shipping,

and air for freight.

Certain definitions are crucial to our discussion. Traffic is measured in vehicle-kilometers (veh-

km); we often refer to this measure for automobiles and trucks. Vehicle intensity is measured in (energy

use)/(distance covered), usually in MJ/veh-km or lily,rs of fuel/veh-km. Travel in cars is almost always

estimated by multiplying veh-km by the average number of people in a vehicle, which is called load fac-

tor. In measuring air travel, a measure of available seats times distance flown, or seat-km, is also used,

and load factor refers to the share of available seats actually filled. From these measures, we form medal

intensities by dividing energy use by the level of modal activity, shown as MJ/passenger-km. Modal

intensifies for freight are measured in MJ/wnne-km.

We exclude walking, cycling, and mopeds/motorcycles because of the uncertainties in data. These

are not unimportant modes, since they permit Danes to travel locally at virtually no energy cost, i.e., sub-

stitutes for using automobiles for short trips, where energy use and emissions are very high. Mopeds and

motorcycles supply important wansponation for longer distances as well.

Pipeline transport of oil and natural gas has appeared since 1984. We include this activity in our

discussion, but omit it from the calculations of the impact of structural change on freight energy use,

I Scrensen used traffic counts to tabulate vehicle activity data in vehicle-kilometers (veh-km), and infor-

mation about load factors (j_eople per vehicle, tormes per vehicle) to estimate modal activity in passenger-
kilometers (p-km) or tonne-km (t-km). Smensen used assumptions about vehicle unit consumption

. (energy/vkm) end modal unit consumption (energy/p-km or t-km) to arrive at likely patterns of consumption
of each fuel for each mode for the years 1972 end 1975-presenL Serensen revised the activity data from 1979
activity completely, but did not revise activity data for previous years. However, the two data sets match fair-
ly weil.

, 2 Energistyre ,n provides data for mad, rail air, and sea Izanspon energy use based on information pro-
vided by energy supplies. We received revised data from Energisryrelsen in August 1991 (Bach 1991), and
commented upon these in September, 1991. A final revision was provided in December, 1991. The Encrgis-
tyrelsen data are not broken down by mode (i.e., _'uok" car, ew.). The new data show greater consumption of
fuel in the road sectors (i.e., truck, car, bus, miscellaneous), with the residual fluctuating between 4.45 and

8.5 PJ, enough to "smooth" some of the fluctuations we observed in individual intensities. Important odd
findings are noted herein (see also Figure B-l, which shows energy use by mode as reported by Energistyrel.
SOL
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since there are no data published on energy use in this mode.

Another important activity excluded from our analysis is intemational air travel. This activity is

difficult to allocate to a country, since we do not necessarily know the nationality of travelers embarking

or disembarking at Kastrup International Airport. Similarly, allocating the energy sold to foreign air

travel is difficult. Finally, we cannot easily find out how far the travellers go, nor how far the energy

stretches before planes are refueled. Since fuel for international air travel amounts to roughly 10 times

the fuel for domestic Danish lines, this omission is unfortunate.

Finally, we have omitted fuel use and activity for international shipping. Again, this is unfortunate.

From an estimate of the tonnes shipped overseas it appears that both the energy used and tonne-km

shipped are large compared with the energy used for ali domestic freight in Denmark.

There are fundamental problems with the energy consumption data. Between six and ten PJ of oil

attributed to transportation by Energistyrelsen remained unallocated after the energy use and intensities

given by MOA and Trafd_ninisteriet tables from 1972 onward were used to derive energy use by mode.

Following both Energistyrelsen and Trafd_inisteriet, we have allocated this consumption to trucks.

An additional problem complicating our analysis is that Trafikministeriet provided no analysis of

the pattern of energy use in travel or freight for 1989 or 1990. Because of the uncertainties in the alloca-

tion of energy use year to year, it was difficult to extrapolate the patterns of the p,'cvious years to 1989

and 1990. Consequently, our detailed discussion of modal intensities covers the lXfiod 1972-1988, but

the broader discussion of trends in the structure of transportation covers the period frol_ 1950 to 1990.

B.2. Energy Use for Transportation

Total energy use for domestic transportation in Denmark lay at 109 PJ in 1972 (Figure B-2). lt then

followed a roller-coaster course, falling to 105 PJ in 1975, growing to 123 PJ by 1978, falling back to 110

PJ during the recession that followed the 1979 oil price shock, then growing rather steadily to 139 PJ in

the period 1986-8, and reaching 142 PI in 1989. Energy use per capita followed the same course, grow-

ing from over 20 GJ in 1972 to nearly 28 GJ in 1988. The share of energy use for freight increased rela-

tive to total transportation energy use, from slightly over 28% to 36% during the same period (Figure B-

2). This occurred because energy use per unit of freight activity increased significantly, and because total

freight movements increased somewhat more rapidly than did travel.

Passenger and freight activity grew with income (GDP) over time, but the growth rates were

significantly different. As Figure 7-1 (in the main tex0 implied, travel grew more rapidly than domestic

freight through 1970; thereafter, it was freight that grew more rapidly relative to GDP, while travel stag-

mated. By 1990, however, both activities had stabilized and were increasing slowly relative to GDP again.

B.2.1. Passenger Transportation

Trends in energy use for travel depend both on figures for energy use and those for traffic and travel.

Using various assumptions outlined in a series of memos, SCrensen divided up energy use by fuel into

passenger and freight components. Energy use for automobiles (predominantly gasoline) was estimated

by Trafffa,ninisterietlMOA as a residual after that for other modes was calculated. This is reasonable

,,_,]_ ,_1',',
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because automobiles dominate the use of gasoline andgasofine dominate the fuel mix for automobiles.

Interestingly,Dansk Telmologisk Institut (1987), in their analysis of mad transportfuels for 1985 and

1986, arriveat figuresclose to those providedby Traf_kministeriet/MOAand close to what is implied by

"JaeEner#styrelsen figures.

Unfortunately,however, two othersignificantandpossiblygreateruncertaintiescloudboth the basic

analysis and its interpretation.First, actual traffic in automobilesis poorly documented. While there are

organizationsor companies counting the actual distancescoveredby busses, rail, most truck, andother

modes, there are almost no figures covering trafficby privateautomobiles, taxis or rental cars, andlight

tracksused as passengervehicles. Variousstudies (Energiministeriet 1983, Trafda_nisteriet 1988)meas-

ure distances people travel in cars as either driversor passengers. Second, the actualproductionof travel

in automobiles, measured in passenger-km,is poorly known. Passenger-km is derived from vehicle-km

and load factor (or passengers/vehicle). In the following analysis,we presentboth official figuresfor the
level of travelin automobiles, and then our own, calculatedfrom importantDanish sources. The altema-

five calculations give a significantly differentresult to the developmentof energy use in travel. In the

subsequent discussion here, as well as in the main report, we use the levels of travel we derived from

combining Trafdoninisteriet/MOA dataon vehicle activity (including varebiler) with the new load fac-
tors.

B.2.1.1. Domestic Travel Activity

In 1972, the average Dane traveled about 9200 km by motorized means, according to

Trafi_inisteriet. Of this, 81% was by automobiles.3 During the early 1980s, when fuel prices skyrock-

eted and the economy stagnated,travelfell, particularlythe shareof travel in cars whose sharefell to just

74% in 1982. Walking and cycling, which represent a substantialshareof trips, increased. While these

modes represent only a small share of distance traveled, they provide key mobility in short trips that

would be costly if carried out using cars with cold motors or in congested areas. Using the official

figures, travel hadrisen to over 12600 p-kmby 1988,with the shareof cars at 76%.

Averaged over the entire period, per capita travel increased by 2% per year. However,since 1981,
the rate of growth was more than twice that rate,or 3.8%/year. The fluctuationsin the shareof automo-

bile travel were mirrored in the role of rail and bus travel which increased during periods of high fuel

prices and declined when fuel prices fell and the economy boomed. Similarly, measures of walking and

cycling increasedwithbus and rail, and fell back as the automobileregainedits momentum.

. We have also calculated total travel in Denmarkusing an importantset of alternative assumptions
for the contributionof automobiles. Lund (1975) estimatesthe structureof travelbetween 1950 and 1973

in some detail, paying particular attention to the use of automobiles. Using various surveys and esti-i,

mates, this study finds that in 1970 there were about 2 people in an automobile,on average.This figure

lay at 1.9 in 1973. That evolution is consistent withwhat we have observed in many other countries.

3 Unless otherwise stated, "automobiles" include taxis, rental cars, and light trucks (varebiler) under2
tonnes. Motorcycles, which accountedfor 3% of motorizedtravel in 1970, falling to about2% by 1988, are
excluded. Cycling, walking, and mopeds account for a significantnmnberof trips,but a very small fraction
of total travel.



I

B-4

With these problems in mind, we have re-estimated the load factor in cars. Material provided by

Vejdirektorat (1981) indicates a load factor of 1.84 in 1981 if children are counted (1.53 without chil-

dren). To check this estimate, we calculated from Person traf)k i 1975 og 1981 (Energiministeriet 1983)

the number of trips by trip length made by automobile drivers, automobile passengers, and drivers of light

trucks as weil. Weekday travel was added to weekend travel. By dividing total passenger-km obtained

by total vehicle-km traveled, we derived a load factor. (Note that distance is used in this calculation, not

simply number of trips. Longer trips tend to be taken with nearly 2 people in a car.) Carrying out the

same calculations on material from TrafikundersOgelse 1986 (Traftkministeriet 1988), we estimated that

the load factor in 1986 was only 1.47 without children and 1.74 with children4 From Traftkunders_gelse

1986, we found that total travel reached 46 bn passenger-km, close to the Trafffa_nisteriet (1990b) figure,

and total traffic of 32 bn passenger-km, considerably higher than the Tra_bra'nisteriet (1990b) figure for

1986 but not implausible.

A significant number of respondents in Traf_kundersegelse 1986 did not know the length of their car

trips. In our calculations, we estimate the impact of "unknown" trip length. Given that weekend travelers

(whose travel is irregular) tended to know trip length less often than weekday travelers (who travel regu-

laxly to and from work) that passengers knew trip length less often than drivers, and that passengers tend

to travel on longer trips than drivers, we estimate that the "real" load factor for 1986 was somewhat

higher. We adopt 1.74 as our figure. We interpolated load factors for the years between 1973 and 1986,

assuming that the load factor was constant during the years immediately following the two price shocks

but fell approximately 0.05/persons/year in other years. Load factor for taxis and rental cars was assumed

to be a constant 1.75, that for varebiler a constant 1.4 (following Lund 1975).

These calculations have a fundamental impact on the evolution of travel. When these two load fac-

tors (and interpolations) are multiplied by the traffic levels for cars, taxis, rental cars, and varebiler, we

obtain a higher level of car travel in 1970 than given by Traf_ninisteriet/MOA, but almost 15% less in

i 1988. This change boosts the share of rail and bus in later years, but depresses slightly that share in the

early 1970s. Total travel in Denmark in 1972 reached 9660 p-km/capita, 5% higher than the

Trafdoninisteriet/MOA figure cited above. But total travel lay at only 11000 p-km/capita in 1988, a full

10% under the level estimated by Trafda,ninisterietlMOA. Thus the growth in mobility in Denmark is

much slower using our alternative calculations about the role of cars. After careful consideration of the

assumptions and data used in ali the reports we have studied, we adopt these jigures for our analysis.

This assumption means that the change in the modal energy intensity of the car between 1972 and 1988 is

very small.
.q

B.2.1.2. Energy Use and Intensity for Travel

Energy use is dominated by automobiles. Since this major use is calculated by

Trafda,ninisterietlMOA as a residual after other modes are account for, there is some uncertainty in the

value. Hence the energy intensity for automobiles is also uncertain. With this caveat, we find that the

on-road, fleet wide intensity of automobiles (and light trucks) appears to have fallen by 0.9%/year

4 The survey in 1975 contained this information but the results were not published and are not obtainable.
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between 1972 and 1988. Vehicle intensity lay at 9.11 1/100 km (for gasoline) in 1972 and fell slowly to

7.6 1/100 km by 1988. This is plausible: the average of the test fuel intensities of new cars (actually the

20 most popular models) weighted by sales figures fell by a greater amount.

There is, however, one element of circular reasoning hidden in these calculations. Fuel intensity, in

fuel/km, is equal to fuel consumption for the entire fleet divided by the number of cars and the number of

. kilometers per car. Thus, the determination of fuel use per km, depends on km/car/year. The present cal-

culation assumes that the distance traveled per car per year rose by 0.1%/year during the same period,to
16900 km/year, one of the highest figures in ali of Europe. Given the low penetration of cars in Denmark

I)

(320 cars/1000 population, as opposed to close to 400 or higher for Sweden, Norway, Germany, France,

and Italy), this distance is not implausible. That is, per capita distance drive is about average for Europe.

And the trend towards more driving appears reasonable, although there is some uncertainty as to whet._ler

traffic counts really distinguish among the kinds of vehicles being counted, i.e., cars, light trucks, heavy

trucks, etc. However, a significant increase in total traffic must imply a significant increase in automobile

use and we accept the Trafiknu'nisteriet/MOA figures for automobile traffic. Thus, the decline in the vehi-

cle intensity of automobiles appears reasonable.

The modal intensities of Danish travel behaved in a mixed fashion, but there are large uncertainties

(Figure 6-4 in the main text),, Recall that vehicle intensity of automobiles, which is used to derive modal

intensity, is calculated as (total fuel consumed)/(total distance driven); since fuel consumed is calculated

as a residual after other liquid fuels are allocated to various modes, there is some uncertainty here. Inten-

sifies for rail and bus should be reliable, as passenger-km produced and fuel consumed are reported by

various regulated operators. The same should be true for air travel, but the fluctuations observed are very
difficult to explain.

Using our calculations for load factor, total travel in automobiles grew far less than is the case if the

original Traftkministeriet figures for travel are used. The modal intensity of cars, in mJ/p-km, rises from

1972 through the early 1980s. After reaching its high point in 1985, this indicator then falls, and winds up

slightly under its 1972 value in 1988. The actual highest point is not clear because of uncertainties in fuel

use and load factor, but the pattern is clearly a rise and then a drop. That is, the likely fall in load factor is

greater than the likely drop in vehicle intensity for much of the period we studied. By our measure, then,

lirde energy was saved in the movement of people in cars.

There was a small decline in the modal intensity of busses between 1972 and 1988. However, the

modal intensity of bus travel increased suddenly after 1985 to almost 50% above its 1972 value, accord-

. ing to Trafikministeriet. There is no obvious change in the traffic (traf_rbejd) for any busses, nor a

change in the load factors, lt appears that the Traftkministeriet figures assign about 50% more energy to

busses after 1986, which seems unphysical. We have therefore smoothed the figures for the 1986-1988

period to reflect the average of 1984 and 1985. This smoothing leads to a larger decline in intensity

between 1972 and 1988 than we would have obtained had we used the original TrafdTninisteriet figures.

The intensity of rail travel, measured in delivered energy, fell 10% over the period we observed.

Measured in primary energy (i.e., counting electricity as the fuel required to produce it), the modal inten-

sity in 1988 was 8% below its 1972 value. The difference in these changes suggests that the a small part

of the decline in the delivered energy intensity of rail travel was caused by substitution of electricity for
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oil, as the penetration of electrified rail lines increased.

Our first analysis of energy use for air travel revealed a very unlikely use of diesel fuel in two years,

as well as unusual jumps in aircraft fuel in other years. Eaergi_tyrelsen found the source of some of these

jumps, but we smoothed the remaining ones (1985-88) to arrive at figures for air intensity that are con-

sistent with those in other countries. The resulting decline in the intensity for air travel in Denmark was

small compared to that observed in almost every other country. Aside from statistical uncertainties, this

behavior may reflect the fact that the mutes in Denmark are of very short range and were covered by air-

craft with piston enginesin the early1970s, with increasingly numbers of turbo-propsand jets by the late
t,

1980s. This switch raises energy irttemity, even if both turbo-props and jet aircraft have each become

more efficient during the entire period.

B.3. Freight Transportation

Energy use for each mode of freight was estimated by Trafd_sffsteriet/MOA in the same docu-

ments used to estimate that for travel. Freight vehicle traffic (measured in veh-km) and freight shipments

and activity (in tonnes, and, for our purposes, tonne-km, respectively) are well documented, since firms

are involved. Important uncertainties dominate energy use, particularly that for trucks.

B.3.1. Domestic Freight Activity

Total domestic freight activity (truck, raft, inland, shipping, pipeline, and air, but excluding transit

freight shipped over Danish rail or roads) has grown from 10.1 billion torme-km in 1972 to 13.3 billion

tonne-km in 1988. In per capita terms, these levels were 2000 tonne-km/capita in 1972 and 2890 tonne-

km/capita by 1988. 5 Pipelines, excluded from the totals above, provided 0.5 billion tonne-km in 1984,

rising to 1.5 torme-km by 1988, or about 12% of the total including pipelines. Including these data raises

total freight activity to 14.8 bn tonne-km in 1988. (Figure 7-2 in the text) shows per capita freight with

pipelines included.) With this figure we find that freight activity in Denmark grew more rapidly, on aver-

age, than did travel, which is unusual among the countries we have studied.

Trucks dominate the modal mix, responsible for almost 70% of the freight in 1988 (including pipe-

lines), up from 65% in 1972. Rail holds a correspondingly small share, 8%, down from 17.7% in 1972,

losing almost 4 points to pipelines in the late 1980s. The share carried by ship fell from 17% in 1972 to

12% in 1988, although shipping held over 20% in 1983, before pipelines became important. Air freight is

insignificant.

B.3.2. Energy Use and Intensity For Freight

Energy use for freight in Denmark lay at 35.4 PJ in 1972, of which three-fo_rths went for trucks.

By 1988 consumption was close to 57 PJ, and the share of trucks had risen to 92% of this value.

Although freight activity excluding pipelines grew less rapidly than travel, energy use for domestic

freight climbed more rapidly than that for travel.

5 Figuresquotedforactivityhereexcludetransitfreight,buttransitfreightis includedin thecalculations
of energyintensities.
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The intensities of freight in Denmark show mixed trends. Even with the uncertainties considered,

truck freight required more energy per torme-km in 1988, 5.09 ml., than in 1972, 4.17 MI/tonne-km.

(Figure 7-3 in the text). The increase from 1972 to 1988 reflects both the general trend towards smaller

loads on any sized truck as well as an increase in the role of smaller trucks, possibly for just-in-time

applications. The rise in smaller trucks is confirmed separately by data from Trafikministeriet.

• Other intensities behaved in a mixed way. Energy intensity of rail freight decreased, although the

data show wide fluctuations. 6 Energy intensity of ferries and shipping also decreased considerably

between 1972 and 1988. The intensities of freight, like those for travel, show comiderable fluctuation,

which must reflect both uncertainty in activity by mode (particularly for trucks and shipping) and uncer-

tainties in energy use for trucks. However, the differences between 1988 and 1972 for each intensity

appear larger than the typical fluctuation. This means that the trends reflect the real situation.

Although there are great uncertainties over the data for freight, it is clear that the trucking system in

Denmark has become considerably more energy-intensive. A careful systematic study based on diaries or

other survey tools may be needed, not just to clear up the data problems, but to show why freight energy
intensity is rising.

6 lt is presumedthatalifreightis cardedon diesellines. SincetherevisedEnergistyrelsentransportation
energyutilizationfiguresdidnotsplitpassengerandfreightfueluseforrail,we usedthepassengerenergy-
use figuresworkedoutpreviouslybyTrafikmims'teriet/MOA,andassumedthatenergynot"claimed"by the
passengerrailsectorwasusedbyheight. This estimateleadsto anupwerdskipof intensifiesbetween1981
and1983,witha correspondingdeclinein theintensityof railtravel.
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Transportation Energy Use in Denmark
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APPENDIX C: FUTURE ENERGY USE IN DENMARK: REFLECTIONS ON SCENARIOS

FROM ENF.,RG12000

With our historical analysis as a basis we presentbrief commentson the scenarios used for Energl
2000. These are described in a series of reports issued by EnergistyreL_en in 1990. Each sector's

scenariosare constructeddifferently, butthe publishedstudies permita straif_,hfforwardcomparisonof the

- reductionsin energyintensities built into the scenarios,lt is these changes in energy intensity thatwe dis-
cuss below. In this discussion, "savings"refersto the effect of lower energy, fuel, or electricity intensi-

ties. We c_mmentbriefly on assumptionsgoverningactivityandstructurein some cases as wen.
ct

C.l. Industry (Manufacturing and Other Industry)

The energy scenarios for Danish industry, Procesenergiforbru& og besparelaemuh'gheder, (l_s_

National Laboratory1990) are built fromthree importantcomponents: assumptions about growth in out-

put in main industrybranches,a reference case thatdescribes the decline in energy intensities of each

branch,anda set of scenarios describingimprovementsin efficiency beyondthose built into the reference

case. Outputis measuredby productionindices, which arepresumablylinked to real value added.

The reference case takes account of the historical trend of falling fuel intensities, but foresees a

break in the trendof risingelectricity intensities. From this startingpoint, a series of additionalsavings

are proposed. Additionally, the reference case includes the small effects of changes in the mix of indus-

trial output, which appearto depress fueland electricity use slightly.

The reference case foresees a 25%drop in the ratio of total energy to value added (the "energifak-

wren"), based on a measure of primary energy consumed by each branchof industry. In the base case,

the shareof electricity (measured as gross or primary) grows from 41% to 50%, (from 18% to 27%, if

electricity is counted at its final-demandvalue) a continuation of the historical trendtowardsgreater use

of electricity in Danishmanufacturing.

The decline in aggregatemanufacturingfuel intensity foreseen in the scenarios,were the efficiency

potentials to be realized, appears reasonable when seen against the increase in real prices and historical

trends. The base case represents a decline in fuel intensity of 1.1% l_:ryear, or 37% by 2030, compared

with 1988. The decline in fuel intensities in the reference case is far slower than observed during the
1970s and 1980s. This decline seems low, given the slow upwardmarchof fuel prices (a triplingof that

for liquids, for example). Given the tripling of liquid fuel prices (which draw up gas prices) and likely

environmentalconstraints on switching to solids, we would expect thatDanish industry will have to face
• these higher prices andimprove its energyefficiency somewhatmore than in the basecase.

The conservation scenario represents this improvement. The extra gains in intensity that occur if

- the potential for fuel saving is captured, an additional30% decline in fuel intensity between 1988 and

2030, representa drop of 0.85% per year. The combinationof the fall in fuel intensities in the base case

and the extra decline from the scenarios reduces the fuel intensity of Danish industry by 2% per year, or

by 56% in 2030, compared with 1988. This may seem like a bold step, yet it is less than the rate of

improvementobserved in the period 1966-1972, 2.1% peryear, when prices were falling anyway, and far

less than the ratebetween 1972 and 1988, 3.6% peryear, when prices were increasing. In short,the fuel

conservation foreseen in Danish industry seems fully within the grasp of Danish industry, given both
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historicalperformanceas well as the assumptionsaboutoutputdevelopmentand energyprices.

Electricity is somewhatdifferent.Between 1966 and 1972, aggregateelectricity intensityin Danish

manufacturingincreased by 2% per year, between 1972 and 1988 by 2.7% per year. In the base case,
intensity declines by only 4.5%, or by 0.1% per year. Ignoring the effects of campaigns and non-

profitableinvestments, electricity intensities in the scenariosdecline by roughly25%between 1988 and

2030, or at a rateof 0.7%peryear. This decline is not inconsistentwith forecasts in othercountries. Yet

it represents a clean break withtrendsin Denmark:Can a pfi,'_ increase of less than 1%per year bring on

this decline in electricity intensity?

The scenarios also estimated additionalelectricity savings that might accrue if extra efforts were

mounted. These appearto boost the overall savingsby aboutone-third. Whether theextraeffort required
to capture the remaining decline in intensities foreseen in the scenarios can be mounted is uncertain.

However, this "extraeffort" is consistent with what Schipperand Meyers et al. (1992) describe as the

resultof a campaigndrivenby high-level concernsover CO2. That is, theextrasavings foreseen might be
undertakenwere it madeclear to industrialmanagement that such efforts were necessary for restraining

emissions and equally clear that establishments in most othercountries were willing to undertakesuch

investments. Put another way, such results might be obtainedif both investmentpolicies and vigorous

research and development accelerated the supply of electricity saving options and stimulated their adop-
tion.

In summary,we find that the improvementsforeseen in the scenariosfor fuel use in Danishindustry

represent a realistic set of goals or end points. The goals set out for electricity intensity, on the other

hand,represent a definite break with the past,but by no meansan impossible end point.

Table C-1. EnergySavings Forecastsin Denmark

Reductions in Unit Consun,ptionin Industry

(%decline over 1988)

1990 2000 2015 2030 Notes

Fuel I/2/2 11/23/19 17/28/25 21/30/41 Solids/Liquids/Gases

Electricity 11 33 38 43 Roughly50%beyond trends
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CA. Buildings

The referencescenarios forbuildings arebuilt somewhat differentlyfromthe forecastsfor industry.

Energiforbrug i bygninger (Energistyrelsen 1990) models the changes in the housing andbuilding stock

basedon population,demographicsandhousehold format,and income development in benchmarkyears.
In contrastto the industrial scenarios,however, this studyassumes that energyintensities forheating will

. be unchangedin the existing building stock. Againstthis framework,a series of steps to reducebeating
needs has been proposed. For electricity use in homes, the study assumes, quite correctly, that new

electricity-using equipment is more efficient than existing equipment. This means that the "basecase"

contains some improvementsin energy efficiency. Finally, the study assumes little change in the use of

electricity, per squaremeter, for non-heatingin the service sector. The studythen estimates whatkindsof

changesmight be expected here.

Energy use in buildings in Denmarkunderwent radicalchanges in the 1970s and 1980s. Between

1972 and 1988, the energy intensifies of space heating in homes andin the service sector, averagedover

all major fuels, fell by roughly 50%. Given the magnitudeof these savings, the issue confronting the

ar_dysisis the degree to which additionalsavings in heating energyuse will be realized.

Efficiency of electricity use for non-heatingpurposesimprovedconsiderablyin homes, although the

improvements were far less dramatic than for heating fuels. There seems no doubt that significant

improvements in the future are practicaland likely. Electricityuse for non-heating purposesin the ser-

vice sector changed in uncertainways; ali that can be said with confidence is that electricity use per

squaremeter, averaged over ali service-sectorbuildings, increased by over 50% between 1972 and 1988,

a far greater amount than could be explained by the small share of space now heated with electricity.1

Will this trendcontinue, or will improved efficiency of electricity use lead to reductions in electricity
intensities in the service sector?.

The scenarios for reductionsin heating demand are basedon a thorough study of buildings by type

and vintage. This study divided savings into levels representingroughly25%, 50%,and 75%lower con-

sumpfion of useful energy, persquaremeter,than was observed in 1988. The studydescribes the extent

and penetrationof physical changes to the building stock that must occur for each level of savings to be

reduced, as well as describingsome policy measures that would be associated with achieving these sav-

ings.

Heat-savingimprovements(retrofits) to buildings built before 1979 arethe primaryvehicle of these

improvements. The study notes that if the improvementsareundertakenat the same time as otherbuild-

" ing renovations, the marginalcosts of saving energyalone fall considerably. From a historical perspec-

five, the 75% reduction scenario appearsas a simple extrapolationof the trends that reducedbuilding

heating intensities between 1972 and 1988 by more than 4%/year. But these reductions were accom-

panied by a near 300% increase in the real cost of heating fuels. The increases foreseen for the entire

period 1988-2030 lie close to a doubling for heating fuels. This amounts to only 1.6%/year,probablytoo

small to set off a wave of conservation investments. However, these increases do justify further

I Increases in lighting levels, computers and other office machines,more ventilation, etc., could account
for this increase.
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improvements to the Danish building stock.

Energiforbrug i Bygninger estimates that a 25% reduction in space heating is clearly cost effective

today, while the 50% reduction is not clearly cost effective and the 75% reduction appears to be expen-

sive. The reductions of 50% and 75% appear expensive even if undertaken together with renovation.

Given the low rate of return on savings beyond the 25% level, it is not clear whether individuals or

authorities will undertake all of these improvements, or whether any occupants will notice the potential

gains foregone by not making the extra investments. The marginal gains of aiming for a 50% savings

instead of only a 25% savings are small; those inherent in attempting to capture the 75% reduction are
Q

even smaller. This does not mean that the potential for savings is either unreasonable or somehow

incorrectly calculated.

What these steps represent is the ultimate level to which heat needs can be reduced. Given enough

time, new, very efficient buildings will eventually replace old ones. Specific healing demand will fall

continually because of this replacement effect, but the gains will be slow. Renovation of existing build-

ings will gradually reduce heat losses in the older stock, too. The challenge for Denmark, then, is to find

a mechanism that will accelerate rapidly the savings in existing buildings to a rate that will capture all of

the potential in the Danish building stock.

The situation for electricity savings in buildings is somewhat different and more encouraging. The

market for household equipment is increasingly dominated by multinational companies. In an earlier

study (Schipper and Hawk 1991), it was found that the interest these companies placed on energy

efficiency had relaxed in the late 1980s as goals set a decade early had been met and pressures from rising

electricity prices relaxed. But a change in attitude occurred at the end of the 1980s. First, serious agree-

ments to limit the use of CFCs in refrigeration equipment unleashed a fury of research on both new refri-

gerants and new concepts in refrigeration and cooling equipment. Second, concerns over both local

environmental problems and CO2 emissions caught the attention of major manufactulcrs like Electrolux
and Whirlpool Philips. Some of this interest was spurred by the 1990 efficiency standards set in place in

the U.S., standards that will be tightened in 1993 and beyond (McMahon, Turiel, and Schipper 1991).

Such standards are being considered seriously in Scandinavia and Holland. Third, electric utilities in

Europe initiated serious study of demand-side programs. These programs also caught the eyes of equip-

ment manufacturers. Finally, "golden carrot programs" that reward manufacturers for developing equip-

ment that either improve efficiency in comparison with current "best practices" or overshoot planned

efficiency standards have appeared in the U.S. and Sweden. The international and even domestic

manufacturers of household equipment have begin to react to these stimuli by offering more energy-

efficient equipment than ever before. As a result of all these changes, it is reasonable to expect a dramatic

improvement in the energy efficiency of almost all household equipment. The figures shown in the

household scenarios appear consistent with those appearing in countless national and international studies

(Schipper and Meyers et ai. 1992). In our judgement, these savings can be achieved in Denmmk provided

electricity prices increase slowly, standards arc introduced on key household products, and utilities or

other actors are encouraged to expand their stimulation of the purchase of energy-efficient household

equipment. Since virtually every piece of electricity-using equipment in use in Denmark in the year 2030

will be designed after 2000 and bought after 2010, even the boldest ideas for reduced electricity use could
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be widespreadby file early part of the next century,and representaverage consumptionefficiency by
2030.

Electricity use in the service sector could see a dramaticmm. By all estimates there is a large
potential for saving electricity in this sector (Fritz.elct al. 1991). The interests of utilities and state-

sponsored_golden:,mot" programshas extended to fighting, ventilation, and even computersfor the ser-

. vice sector. This interest is likely to reverse the trendsof greater electricity use per squaremeter we
observed in this sectorin Denmark. Since muchof the equipment used in this sector is replacedregularly

there is a large potential for savings wheneverreplacement occurs. But the overall use of electricity in

the service sector also depends on the design of buildings and the integrationof many processes. Light-

ing levels dependon theplacementof fixturesand desks, the design of windows to capturenaturallight-

ing. etc. Ventilationneeds depend both on freshair needs and on how much waste heat must be moved

from overheatedpans of buildings. Since roughly 2/3 of the bailt area in the service sectorin 2030 win

have been builtbefore 1979, some of the electricity _avingsthatarise from clever design of new buildings

will evade owners, operators,occupantsof older buildings, lt is likely, however, that"energistyring", the

Danish term for improved electricity use in large buildings, will improve efficiency significantly,
adthoughthe exact amountis uncertain.

With these comments in mind, we conclude _'_atthe ambitior,_ goals of heat savings of 50-75% in

Danish buildings may be difficulto_ costly to achieve by 2030. Savings in the rangeof 25-50% appearto

be more achievable. The greaterlevel of savings will appeareventually as old buildings arereplaced. By

contrast,the savings suggested for electr;eity use in homes appear well within reach by the year 2030.

And those for electricity use in service sector buildings,while somewhat more uncertain, appearachiev-

able in largepart. Effortscurrentlyunderwayto save both heatand electricity should be monitoredcare-

fully to yield both a solid value for savings achieved, as well as a measure of the real costs involved.

Ordythen can the truelong term potential be translatedinto achievement.
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Table C-2. EnergySavingsForecs_ in Denmark
Changesin UnitConsumptionin Buildings

(% declineover 1988)

Sector 1990 2000 2015 2030 Notes

Households

Heating, HotWater 2030 Potential
m

Trend ........

Moderate ...... 20

Average ...... 40
Maximal ...... 60

Appliances

Reference 30 60 70 .. "Best"comparedwith 1988/90

Service Sector 2030 Potential

Heating:
Moderate ...... 20 Sameas homes

Average ...... 40
Maximal ...... 60

Electricity

"Sparpotential" 44/40 48/39 53/36 .. Public/Privatesector potentials
(Savings potential)
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C.3. Transportation

Futureenergyuse for transportationis describedin Referencemodelfor den clans/ceIranspor_e_or

1988-2030, preparedby COWIconsult for the TrafikministeHet(COWlconsult 1990b). In these brief
commentswe discuss both the assumptions aboutmix andlevels of activityas well as the improvements

in energyefficiency. We separatetravel andfreight.

" The reference case assumes an increase in total travel in Denmark, slowing after 2010, but still

reachingover 21,000 passenger-kmpercapitaby 2030, only 10% underthe present level in the U.S. This

. level is derived by straightforwardregressionbetweenincome, consumption,prices, and travel. Thishigh

level of travel may seem inappropriatefor a countryas small as Denmark,but it should be recalled that

most trips in both the U.S. and Denmark are under 15km. Thus, there is no geographicalreason why

Danes might not want to travel more. And as the time budget studies suggest, Danes have time to make

these trips. Changes in private consumptionassumed in the scenarioscertainlypermitDanes to purchase

more automobilefuel (or affordto use othermodes); likely changes in the price of transportfuels, com-

bined with improvementsin the fuel intensityof each mode, do not present any formidablebarrierto this
increased travel, either. But it must be recognized that the forecast in the reference case also calls for

significant increases in travel for Danes, not only by car but in othermodes as weil. This implies consid-

erablelifestyle-changes for Danes: farmore time will be spenttravellingin carsthan at present. Thus, we

conclude that the basis for these forecasts, a doubling of percapita travelby 2030, is not implausible,but
does imply thatDanes live differently in 2030.

The reference case calculateschanges in energy use per passengerkm, the modal intensity of each
mode of travel. Related to modal intensitiesarevehicle intensities, or energyuse pervehicle-km. (Modal

intensity is vehicle intensity divided by passengers_ehicle.) People per vehicle, or load factors, are
assumed to be constant, except for those for automobiles, which fall from 1.8 to 1.7 between 2015 and

2030, after remaining constant at 1.8 through2015. The only objection that could be raisedis that the

ratherconstant (and admittedlyhigh) automobileload factor is likely to fall much more as more families

acquire second or even first cars. This development has been observed in virtually every other OECD
countrywith higher car ownership than Denmark.Load factors in aircraftareassumed to be constant.

The reference case assumes slow reductionin the vehicle energyintensifies of each mode in Den-

mark. The declines in vehicle energy intensity for the car fleet (as well as for light trucks), of 15% to

2010 and 15%more to 2030, lie well within the trendsreviewed in Schipperand Meyers et al. (1992),

and follow the trendswe measuredforDenmarkin the 1972-1988period. These trendsimply that techno-
- logical improvements in engines and vehicle designs will more than offset the increase in the size,

weight, and power of vehicles. For reference it can be noted that the weight of the average car on the

road in Denmark grew by only 4.5% between 1972 and 1990. Given the high taxation of cars in Den-

mark, which is likely to survive EEC harmonization,it is hardto foresee an great change in the charac-

teristicsof cars. Insteadit is ownership thatwill increase, which is implied by themore than doubling of
distance travelledby cars in the period through 2030.

The domestic aircraft fleet(SAS andothers) is based upon shortrangeaircraft(DC9 and successors

as well as the 737 series). Improvementsare expected in theenergy efficiency of these aircraftas engines
_prove (Sclfipperand Meye_ ct al. ,992,, becau_ fuel ,',,_,_ ,',,-,;,,,,_ ,,_be import_'_tto airlines. Sin_
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the market for aircraft is dominated by three international competitors (McDonnell-Douglas, Boeing, and

Airbus Industrie), it is likely that these companies will continue to improve new aircraft. In fact, the

improvements in air travel modal efficiency foreseen in the Danish scenarios appear small compared with

both historical trends and with the outlook in Schipper and Meyers. The assumption of constant load fac-

tor may be conservative, as competition forces airlines to fill more seats with special fares.

Trucks represent a significant and growing use of energy in Denmark. Our analysis showed that

shifts in the nature of trucking towards smaller trucks, as well as other factors, raised the energy intensity

of trucking there significantly. The scenarios portray a clear and significant break with these trends,
.i

resulting in a reversal of the 1988 energy intensifies of trucking, which by 2030 return to their 1972 lev-
els.

The transportation scenarios assume that gasoline and diesel prices double. Given the proposed

improvements in efficiency, the impact of these changes on the costs of travel by 2030 are smaller but

still significant. For example, gasoline prices rise by 105% in the base price case. Energy use per km

falls by 29%, leading to a rise in the price of driving one kilometer by 50%. lt is hard to believe that such

a price increase would not either lead to lower growth in travel or further increases in vehicle efficiency.

Virtually all vehicles used in Denmark are made by international firms. Danish policies will have

little effect on the characteristics of the world market, but can have a major influence on those vehicles

imported into Denmark. This is already clear from examining the automobile fleet in 1988, which is

lightweight and low-powered by European standards. But if the energy price increases foreseen in the

Danish scenarios are realistic, these should lead to significant improvements in vehicle efficiencies

world-wide. If that is the case, then the efficiency of automobiles could improve considerably more than

in the reference scenario. Similarly, prop-fan aircraft would appear on the market by 2010. And it is

likely that high fuel prices would alter the way in which trucks are used.

These possibilities are raised by the variants to the Reference case proposed in the COWlconsult

report. In the case where travel is reduced radically--approximately 50%---very significant reductions in

energy use and emissions in 2030 are achieved. In the other variants, COW1 models both ad hoc changes

from the bottom up, such as a 25% reduction in the specific energy consumption for each transport mode,

as well changes caused by top-down measures, like parking restrictions or fuel price increases. Each and

every one of these results is plausible; what is not clear is by how much a comprehensive package that

raises the cost of mobility and stimulates the development and/or acquisition of efficient, new vehicles

will restrain total energy use and emissions. This is particularly important when we consider that radical

improvements in specific consumption will noticeably lower the marginal costs of moving about for some

modes, particularly cars. This change may not on its own "cause" people to move about more, but such

an improvement will reduce the incentive to travel less that higher fuel costs could provide. Such con-

siderations appear to have been included in the COWl scenarios (1990a).

We conclude, therefore, that the base case scenario for transportation sets out a reasonable basis for

both activity and energy use. The only questionable assumption is that of total mobility of the Danish

population, which appears high. Against this scenario, it is not unreasonable to imagine that a package of

policy measures that raise the cost of mobility and energy significantly would not lead to some restraint in

mobility, and improvements in efficiency of each mode beyond those in the base case. But it is difficult to
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say with any certainty whether the ultimate results of applying a package of policies will be consistent

with those goals set out in the main Regerings transporthandlingsplan (Trafdo,ninisteriet 1990a). Experi-

ence in Denmark during the 1972-1988 period shows that a combination of depressed incomes and

significantly higher fuel prices restrained mobility and provoked improvements in efficiency. Whether

the same kinds of conditions can be realized in Denmark during the next few decades is unclear.

. The other uncertainty in these scenarios, over which Denmark has little control, is the international

development of transportationtechnology. Prototype vehicles that require only 3 liters of gasoline/lO0

km exist, but there is currently little market for these vehicles. Sketches of even more "efficient" vehicles

have been put forward (Schipper and Meyers et al. 1992), but they do not resemble presentcars in either

size or performance.

Table C-3. Energy Savings Forecasts in Denmark

Changes in Unit Consumption in Transportation

(% decline over 1988)

1990 2000 2015 2030

Cars .... 15 28

Light Truck .... 15 28

Truck .... 15 28

Bus .... 15 28

Pass. Train .... 15 28

Freight Train .... 10 19

Air .... 15 28

Source: Referencemodelfor den danske transportsektor 1988-2030 (Reference model for the Danish tran-

sportation sector), COWIconsult (1990b).



APPENDIX D: SUMMARY OF DATA USED IN THIS REPORT

We attachas a statisticalappendixa summaryof the dataused in this study,Table D-I. Mostfigures

were derived in this work from official data sources; a few were used with no furtherprocessing. The
analysesof developments in each sector in the text explain our main assumptions;extra work devotedto

thetransportationsectorsandto the householdsectorisexplainedin AppendicesA andB. Readersare

. referredto theChaptersor Appendicesfordetailedreferences.

D.1. Summary Energy Balance
h

This section presents an overview of the productionand conversionof energy carriers in Denmark,

as shown on the first two pages of Table D-1. Ali data are basedon statistics providedby Ener&isryvel-

sen. The first category, "GrossEnergy Use", provides informationon the total use of energy, including

conversionanddistributionlosses. Gross energyuse is equal to the sum of domestic productionand net

importsof energyproducts.

"Net Use of Oil in Refineries"accounts for the energy used to producerefined petroleumproducts.

"Non-EnergyUse of Oil" measures the use of oil productsasconstructionmaterials,chemical feedstocks,
andrelateditems.

The next items give the netuse of energy in four types of energyconversion facilities---centralheat

and power stations, gasworks, districtheat plants, and "private producers"(e.g., industrial facilities that

produceby-productheat and power). Negative values indicatenegative consumptionor positive net pro-
ductionof a given energycarrier.

"Net DistributionLosses" represent the quantifies of energy lost in the transferof energy carriers

from the point of conversionto the point of end use. The "Efficiency Coefficients" give the total amount

of primaryenergy requiredto provide one unit of district heat or electricity to end users. "FinalEnergy

Use" is the amountof energy at the point of end use, and is equal to gross energy use minusnon-energy

uses andconversion and distributionlosses. The final category ("Difference, LBL-FaNS")gives the sta-
tistical difference between the levels of finalenergyuse calculated by addingup final demand acrosssec-

tors andthe "gross energyminus losses" approach.

D.2. End-Use Summary Indicators

This section presents an overview of the structure of energy use and energy-using activities across

end-use sectors. Included is information on total energy use, Gross Domestic Product, and population.

The figures for primary energy use are calculated by multiplying the use of district heat and electricity by

factors of 1.15 and 3.24 to approximate upstream conversion and distribution losses in a manner compar-
able with other OECD nations. Figures for "primary, Danish" use the conventions of Energistyrelsen as
reflected in their energy balances.

The section reports figures on actual energy use as well as the so-called "Activity/Structure" and

"Intensity" effects. The activity/structure indicators shows the evolution of total energy use that would

have occurred if energy intensities in each sector had remained fixed at their 1972 values while energy

services followed their actual path. The intensity indicator holds energy services constant at the 1972
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levels while energyintensitiesfollow theirhistoricaldevelopmenL

D.3. Manufacturing Sector

This section gives energy use and economic activity (realvalue added) in six subsectors:paperand

pulp, chemicals, nonmetallicminerals, ferrousmetals, nonferrousmetals, and "other". Ali statistics are

from Danmar_ Statistik, as referredto in Chapter3.

D.4. Other Industry

This section gives summary informationon energy use and real value-added in the agriculture,

fishing,mineralextraction,andconstructionindustries. Ali damarefromDanmarka Statistik.

D.$. Service Sector

This section gives data on service-sectorenergy use and economic activity (real value added).

Chapter5 describes how the energyconsumptiondata were separatedfrom those for the residentialsec-
tor.No correctionfor climate is made.

D.6. Residential Sector

The datawe used follow closely, butnot exactly, those provided by Energistyrelsen. Chapter2 and

Appendix A explain how the end-use estimates were derived. No estimates were made for 1973-4 or

1976. "Population"is from Danmarks Statistik (variousyears), a mid-yearaverage. Dwellings and the

numbers heated by different fuels are taken from Folk og Boligtcelling 1970 (FoB 1970) and BBR (with
interpolations for the 1970s). "Fuel heated" includes oil, gas, coal, and various renewable solid fuels.

Data are from BBR (ali years) and FoB 1970. We interpolated values for 1972-1975. Floor area for

homes (samlade udnyttede etageareal, or total floor area), is taken from BBR from 1977 onward. For ear-

lier years, we used the area of homes built before 1975 or 1970 as measured in 1977. Our figures agree

closely with those provided by Energistyrelsen. Our degree day figures are derived from those provided
by Energistyrelsen, as explained in Appendix A.

Energy use for space heating (and total residential energy use) is corrected for climate variations.

The space heat indicators are energy (delivered, useful, or primary using the LBL convention) divided by

both floor area and yearly degree days. For electricity, actual consumption for space heat is divided by

the entire area of the dwelling stock. Similar conventions are used for hot water and cooking.

The ownership of appliances are taken from the work of M¢ller. Unit consumption refers to stock
averages. Figures for refrigerators and combis (combined refrigerator-freezers) are added, and unit con-

sumption averaged.

The various effects (activity, structure, intensity) are calculated as explained in the text.
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D.7. Travel

Energy use for travel by mode is derived from work of SCrensen,as well as figures providedby

Energistyrelsen. These are used to calculate the intensities (MJ/PKM) from the activity levels of each
mode, datafor which come fromTrafd_inisteriet. Stocks of cars (andlight trucks)and vehicle-km of car

(and light truck)travelalso come fromTraJikministeriet,as modified in this work. The total stack of cars

. andlight truckswas divided by populationto calculatethe indicatorshown.

D.8. Freight

Energy use for freightby mode is derived from work of S_remen, as well as figuresprovidedby

Energistyrelsen. These are used to calculate the intensities (MJ/PKM) from the activity levels of each
mode, data for which come from Trafdom'nisteriet. Considerableuncertaintiesariseover the use of diesel

oil in trucks. These concernthe quantitiesof diesel oil purchasedby non-Danishtruckdrivers or Danes

driving abroadandthe use of non-taxed truckingfuel forheating purposes.
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