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EXECUTIVE SUMMARY

This publication examines energy use developments in IEA Member countries since 1973. It
draws on a database with detailed information on energy demand and energy demanding
activities. From this information disaggregated measures - or indicators - are developed to help
show how factors such as economic structure, lifestyle, climate, energy efficiency, and fuel mix
have shaped patterns of energy use and CO, emissions.

The study assesses how energy use and CO, emissions trends have evolved in individual and
groups of IEA countries from both economy-wide and sectoral perspectives. The analyses show,
for example, an important shift from the direct burning of fossil fuels to the use of electricity
in the 1970s and early 1980s, which was driven by changes in the activities and end-uses that
make up total energy use. It also shows how fossil fuels were affected by price effects from the
two oil crises, which resulted in significant fuel savings. Recent trends, however, indicate that
both savings of fossil fuels and electricity have slowed despite efforts to combat climate change
in |[EA countries.

Economy-wide Results

Energy demand in IEA countries has increased steadily since 1973,  Three decades
interrupted only by the oil price shocks in 1973-74 and 1979. Oil  of steady growth in
remains the dominant fuel in both the primary energy supply and  1EA energy demand...
final energy mix, although its share has declined. Oil use is down in

all sectors except transport. Growth in the transport sector brought

primary oil supply by 2000 back up to 1973 levels. Electricity has

seen the strongest growth and in 1998 it overtook natural gas as

the second largest share in the IEA final energy mix. Demand for

electricity was led by the household and service sectors as more and

more electric devices such as clothes-dryers, computers and air

conditioners were installed and used.

Economic growth has far outpaced growth in IEA energy demand  Compared to 1973
since 1973. Total primary energy supply (TPES) per unit of GDP fell it takes a third less
by a third between 1973 and 2000. While this ratio fell in all IEA  energy to produce
countries, the rate of decline varied significantly. Many factors a unit of GDP...
influence this decline including improvements in energy efficiency

and changes in the levels of energy services that consumers and

businesses demand relative to GDP.

Differences in the development of energy service demands help to  Big variations
explain why the amount of energy used to produce a unit of GDP  in energy

varies signifcantly among IEA countries. How much and what kind ~ per GDP levels
of energy service is demanded in a country depends on factors such  across the IEA...
as: climate; size of dwellings; number of people per dwelling; floor

area of service sector buildings per unit of service sector output;

share of energy-intensive products in manufacturing output; tonne-

km of transported goods per GDP; average travel distance per capita;

and the share of different modes used for transport activities.
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Both changes

in energy service
demands and
intensities helped
reduce energy
per GDP...

Energy savings since
1973 have been
substantial...

But rates of energy
savings are slowing...

Energy price
developments offer
some explanation for
long-term trends...

Are recent trends
impacted by

the information
economy?

While reducing energy intensities through improved energy
efficiency is a key energy policy focus in IEA countries, affecting the
factors that drive energy service demand is generally not. This study
uses a decomposition approach to show how changes in energy
service demand and energy intensity each have affected total
energy use and energy per GDP trends.

From 1973 to 1998, energy service demand grew less than GDP in
most IEA countries, partly because production of energy-intensive
goods became a smaller share of GDP, and building area and travel
activity did not grow as fast as GDP. Therefore, the reduction in the
energy per GDP ratio overestimates the improvements in energy
efficiency. Indeed, for a group of eleven IEA countries (IEA-11)1 the
decline in energy services relative to GDP accounted for about one-
fifth of the total 37% reduction in energy use per unit of GDP, with
the rest being a result of declining end-use energy intensities.

Between 1973 and 1998, the decline in these intensities resulted
in energy savings corresponding to almost 50% of 1998 IEA-11
energy consumption levels. Therefore, absent these savings, energy
use in 1998 would have been almost 50% higher. Economy-wide
savings were similar in the United States, Japan and in a sub-group
of eight European countries, but there were important differences at
the sectoral level.

Reductions of energy end-use intensities have slowed in most IEA
countries and sectors since the end of the 1980s. While the weighted
sum of sub-sectoral energy intensities in the IEA-11 fell by 2% per
year on average between 1973 and 1990, this intensity indicator
declined by only 0.7% per year averaged over the 1990-1998 period.

Before 1973 energy prices were generally low, so when the price hikes
kicked in after 1973 there was ample room for improving energy
efficiency as a response. As prices fell after 1985 the incentive for
maintaining energy savings rates weakened. The lower prices combined
with the fact that energy intensities already were significantly reduced,
resulted in considerably lower energy expenditures for both industry
and private consumers from the mid 1980s.

The rate of decline in energy per GDP also slowed in most countries
after 1990. However, recent trends in the United States and some
other countries show that energy use per GDP is again falling rapidly.
However, the reduction in the United States is not a result of
improved energy efficiency. In fact, the decline in the US end-use
energy intensities has been very modest since 1994. Instead most of
the decline is due to shifts in economic structure. Less energy-intensive
activities, such as the production of information technologies and

1. This group represents the countries for which the IEA has complete times series with detailed data for energy and energy consuming
activities covering the period 1973 to 1998 and in some case to 2000 and 2001. The countries include; Australia, Denmark, Finland,
France, Germany, Japan, Italy, Norway, Sweden, the United Kingdom and the United States. When their aggregate results are presented,
the group is referred to as IEA-11. Together these countries accounted for 83% of IEA total final energy consumption in 2000.



electronic equipment, led the boom in the US economy during the last
half of the 1990s. The growth in the output of these products far
outpaced growth in the production of energy-intensive raw materials
such as steel, which consequently reduced energy requirements per
unit of GDP.

Manufacturing

IEA manufacturing energy use fell 15% between 1973 and 2000,
while oil consumption dropped by as much as 62%. Nonetheless,
manufacturing remains the most significant energy consuming end-
use sector. The decline in energy demand was achieved even as
manufacturing output increased almost 90%. Consequently,
aggregate energy use per unit of output fell significantly.

The decline in aggregate manufacturing intensity is affected both
by structural changes and by reduced energy intensities in each sub-
sector. For the IEA-11 group, structural shifts toward less energy-
intensive materials account for about a third of the decline in
manufacturing energy use per unit of output between 1973 and
1998. The remaining reductions are related to energy intensity
declines in individual sub-sectors. The impact of structural changes
varies among countries: in most, the manufacturing structure has
become less energy intensive, while in a few, structural changes
have driven up energy use.

The impact of structural changes has increased since 1994. In most
countries, the share of less energy-intensive products has increased,
with rapid growth in electronic equipment industries leading the
shift. On the other hand, the decline in sub-sectoral energy
intensities in [EA-11 almost came to a halt after oil prices fell in
1986. Between 1973 and 1986 intensities fell 3.2% per year on
average, while over the next twelve years the average annual
decline was only 0.5%. The slower intensity reductions can be seen
both across countries and across sub-sectors.

Energy's share of manufacturing production costs have fallen

substantially since 1973 as a result of reduced energy intensities
and the decline in energy prices after 1986.

Households

Today, households consume about 20% of total IEA final energy
demand and about a third of the total end use of gas and
electricity. For the IEA-11, household energy demand was up 17%
between 1973 and 1998, with a doubling of electricity consumption
and a 40% increase in natural gas use.

Manufacturing
energy use per unit of
output has declined
significantly

since 1973...

Structural changes
explain part of

the decline, while
the rest are due to
energy savings...

Recent trends show
very little intensity
decline, while
structure is rapidly
becoming less
energy- intensive...

Energy has become
less significant in
total production
costs...

Households
have become more
electricity intensive...

EXECUTIVE SUMMARY °



Q EXECUTIVE SUMMARY

Space heating trends
vary as home sizes
and heating practices
evolve ...

Energy savings
have slowed in
the 1990s...

Heating prices vary
much less than
electricity prices...

Energy savings
have moderated
the share of income
spent on energy...

Service

Service sector has
driven much of

the increased demand
for electricity...

Strong growth in ownership and use of household appliances
propelled the increase in electricity consumption. Yet, space heating
remains the most significant residential energy end-use in almost all
[EA countries. The demand for space heating has developed quite
differently among countries. Bigger houses and fewer people per
dwelling have put upward pressure on space heating demand in all
countries, but to varying degrees. On the other hand, helping to
restrain demand, the amount of heat demanded per unit of floor
area fell in most countries, but the rates of decline vary dramatically.
Partly this reflects differences in energy efficiency improvements, but
also that some countries where heating levels were low in the early
1970s saw efficiency improvements offset as heating comfort levels
(indoor temperature and proportion of dwelling heated) increased.

Energy intensities in all residential end uses fell steadily until the
early 1990s. Since then, the decline rates have slowed markedly, and
even reversed in some countries. For IEA-11, household energy use
would have been 56% higher in 1998, if intensities had remained
at 1973 levels. Most of these savings occurred before 1990.

There are significant variations in electricity prices among countries,
which therefore provide different economic incentives for improving
energy efficiency of electricity-specific uses such as lighting and
appliances. The fuel-weighted price paid for space heating varies
much less. This indicates that non-price factors such as building codes,
climate and cultural aspects are important to explain the significant
differences in the levels of space heating intensities among countries.

With the fuel price increases through the 1970s and early 1980s,
[EA households spent an increasing share of income on energy.
When energy prices fell, household energy expenditures declined
relative to income. By 1998, the share of household income for
energy expenditures was comparable to the share paid in 1973 in
most countries. The increased share of electricity in the fuel mix
contributed to higher energy expenditures as electricity is generally
more expensive than fossil fuels. On the other hand, lower growth in
energy consumption relative to income helped to reduce the
significance of energy in the household budgets. Clearly, without the
energy savings achieved between 1973 and 1998, IEA households
would have seen much more of their incomes being spent on energy.

The service (commercial and public) sector consumes 13% of total
final energy use in IEA countries, and 31% of electricity demand.
The proliferation of electric devices for cooling, ventilation, lighting,
and an increasingly diverse array of office and network equipment
have driven the 35% overall growth of energy demand in the sector
between 1973 and 2000.



Energy use per floor area in service buildings fell significantly in all
of the IEA-11 countries through 1990, but since then the rate of
decline has slowed. The fall in energy per service sector value-added
has been even stronger, and although the decline in this intensity
also slowed after 1990, the most recent trends indicate that it is
again falling noticeably.

Energy expenditures relative to value-added in the service sector
increased significantly in the years following the oil price hikes, but
dropped as prices fell during the mid to late 1980s. Since then,
relatively stable prices combined with a steady increase in the share
of electricity and a slower decline in energy intensities accelerated
the growth in energy expenditures. By 1998, energy expenditures
relative to service sector value-added had risen significantly from
1973 levels in most countries despite the declines in energy
intensities that occurred during the period.

Passenger Transport

Growth in passenger transport has been the biggest contributor to
increased oil demand in IEA countries. By 1998, passenger travel
accounted for 53% of total final oil demand in IEA-11, which is up
from a 38% share in 1973.

Cars and airplanes account for most of the increase. Air travel has
increased at the fastest rate of any transport mode, and nearly
tripled its share of total passenger travel between 1973 and 1998.
Car ownership has doubled or more in many countries, though
average annual travel per vehicle has remained fairly stable in most
countries.

Fuel intensities for all passenger transport modes have declined, but
not nearly enough to offset the growth in travel activity and the shift
to more energy intensive modes (i.e., increasing shares of cars and
planes in total travel). The rate of decline in average fuel intensity for
all travel modes slowed in the 1990s compared with the 1970s and
1980s. While the decline in car fleet fuel intensity generally also
slowed, improvements in new car fuel intensity are evident since the
mid 1990s in some countries, particularly in Europe and Japan. This
lower intensity for new vehicles has begun to dampen the rate of
increase in car fuel consumption in these countries.

Real gasoline prices peaked in the early 1980s and have generally
fallen since then. In most European countries much of this decline
was offset by increasing fuel taxes. Still real prices, including taxes,
were lower in the late 1990s than in the early 1980s in almost all
IEA countries. Since average car fuel intensity has declined in most
countries, albeit moderately, the real cost per kilometre of driving has
generally also fallen since 1973, and particularly since the early 1980s.

EXECUTIVE SUMMARY a

Slower intensity
reductions since
1990, but recent
trends indicate
new acceleration...

Energy costs

per output have
increased since 1973
despite reduced
intensities. ..

Travel is a key driver
of 1EA oil demand...

More and more
travel by cars and
airplanes. ..

Slowing fuel
intensity declines
have led to strong
growth in fuel use
in the 1990s...

Declines in

fuel intensities
have helped reduce
the cost of driving...
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Freight Transport

Freight is the sector
with the biggest
increase in

energy use...

Modest declines in
fuel use per
tonne-km, probably
affected by changes
in trucking loads...

Freight is the end use sector with the strongest relative growth in energy
demand since 1973. Its share in total final oil demand for IEA-11
went up from 15% in 1973 to 26% in 1998. The 80% increase in
freight fuel demand over the period came as a result of tonne-km
haulage growing in line with GDP in most countries and a shift towards
trucking, which is more energy intensive than rail and shipping.

This growth was accompanied by generally modest overall declines
in fuel intensities. In most countries, it is likely that intensities of
individual trucks have declined per truck-km, but it is also likely that
this effect was offset to a large extent by generally smaller trucks
and/or lower load factors. For example, in the United States, the
average-weight truck shipment has declined, reflecting a trend
towards moving lighterweight products, which resulted in an
increase in fuel use per tonne-kilometre shipped.

CO, Emissions from Energy Use

Wide variations
in CO, emissions
per GDP...

High growth
in emissions during
the 1990s...

..mainly due to
slowing declines in
energy intensities. ..

Shifts in
manufacturing
structure helped
to bring down
emissions...

CO, emissions per unit of GDP vary considerably among IEA
countries. These variations are due to a multitude of factors including
differences in: the mix of fuels used at end use levels and for
electricity generation; industry structure; climate and geography;
demographics; lifestyles; and energy intensities.

All countries within the [EA-11 group experienced significant
reductions in CO, emissions per unit of GDP between 1973 and
1990, but after 1990 only a few saw a continued strong decoupling.
While total IEA-11 emissions in 1990 were only marginally higher
than in 1973, they increased 12% between 1990 and 2001, a
development that is in stark contrast to what is implied by the
Kyoto targets.

Detailed data show that the primary reason for weaker decoupling of
CO, emissions from GDP growth since 1990 is that energy intensity
reductions in most sectors have slowed. This is a uniform trend among
the IEA-11 countries. In addition, fuel switching towards less carbon-
intensive fuels in electricity generation contributed less to overall CO,
emission reduction in most countries after 1990 than before.

Manufacturing is the only sector in the IEA-11 where CO, emissions
fell between 1973 and 1998, yet it remains the sector with the
highest emission levels.2 CO, emissions per unit of output in
manufacturing fell in all eleven countries, primarily due to strong
declines in sub-sectoral energy intensities, augmented in most

2. In this study emissions from electricity and district heat generation are allocated to end-use sectors using average yearly CO,
emission coefficients for electricity and district heat, respectively.



countries by reductions in the CO, intensity of electricity supply
and a shift towards a less energy-intensive manufacturing structure.
After 1990, however, the fall in energy intensities almost came to a
halt and continued structural changes took over as the most
important factor in restraining manufacturing CO, emissions.

For the IEA-11 group emissions from households did not increase
much between 1973 and 1990. After 1990 emission growth rates
accelerated, although the trends in individual countries vary. Some
countries saw continued reductions in emissions from declines in
energy intensities, and in some changes in the fuel mix also helped
to maintain emission reduction rates. In all countries the growth in
energy services demand slowed somewhat after 1990 mainly due to
lower growth in dwelling area and in the ownership of some electric
appliances. Thus if demand for energy services had grown at the
same rate as before 1990, CO, emissions from IEA-11 households
would have accelerated even more.

Service sector CO, emission growth rates accelerated significantly
after 1990, as the decline in energy intensity slowed. Reduced CO,
emissions per kWh of electricity generated have helped dampen the
emission increase in most countries, although generally less so after
1990. On the other hand, the increased share of electricity in the
service sector fuel mix inserted an upward pressure on emissions in
countries with primarily fossil fuel-based electricity generation, in
many cases offsetting the effect of reduced emissions per kWh in
the utility sector.

Emissions from the passenger transport sector have increased
steadily since 1973 driven by growth in travel activity and a shift
towards more cars and airplanes in the modal mix. CO, emissions
from passenger transport accelerated in the United States and
Japan after 1990, as the decline in fuel intensities slowed. In
Europe, a somewhat more rapid decrease in intensities helped to
slow emission growth rates.

Among all sectors, freight showed the highest relative growth in
I[EA-11 CO, emissions since 1973. Emissions increased as freight
activity grew in line with GDP and with energy-intensive trucking
taking a larger share of total tonne-km hauled. The very modest
decline in fuel intensity did little to moderate emissions growth, but
contrary to the trends seen in the other sectors, the average
intensity for freight fell more rapidly after 1990 than before.

Emissions
from households
on the rise...

Emissions

from services also
on the rise,
especially where
the electricity mix
is carbon-intensive...

Emissions from cars
and airplanes on
a steady increase...

The rapid growth
in freight emissions
may be slowing...
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Chapter 1. INTRODUCTION

This publication examines energy end-use developments in IEA Member countries since 1973,
The analysis draws on a newly developed database with detailed information on energy
demand in the manufacturing, household, service and transport sectors. This information
facilitates a better understanding of how factors such as income, prices, demography, economic
structure, lifestyle, climate, energy efficiency and fuel mix have shaped patterns of energy use
and CO, emissions.

The study uses quantitative measures to show how these factors drive or restrain energy use.
These measures - or indicators - include: activity measures such as manufacturing output or
heated-floor-area of homes; measures of structural developments such as changes in
manufacturing output mix or changes in the mix of transport modes; and energy intensity
measures - defined as energy use per unit of activity - for sub-sectors and end-uses.

The information used for the study represents the most detailed data available on a consistent
basis across countries and sectors. This allows for developing energy indicators at fairly
disaggregated levels. The study employs a decomposition approach to disentangle the impact
of changes in activity, structure, and energy intensities on total energy use in each sector. For
example, the analysis reveals that in some countries changes in manufacturing structure (the
mix of goods produced) have been as important as changes in the energy intensity of
individual sub-sectors in determining manufacturing energy use developments. To analyse
trends at an economy-wide level, the results of the sector decomposition are re-aggregated into
measures that represent the impact each component has had on changes in a country's total
energy use.

The decomposition approach is also used to explain trends in CO, emissions. In this case, the
energy decomposition is expanded with factors representing changes in end-use fuel mix and
changes in emissions from the utility sector. A close examination of these measures helps to
understand why CO, emission developments vary across countries and what factors are the
most important for controlling growth in future energy demand and CO, emissions.

It should be kept in mind that changes in “energy intensity" are not quite the same as changes
in “"energy efficiency”. Take gasoline consumed per vehicle kilometre driven as an example. This
energy intensity measure has declined only moderately in most IEA countries since 1973.
However, that does not mean that cars have not become much more efficient. On the contrary,
important technical improvements have been made to engine and other vehicle components,
but these have been largely offset by heavier, larger and more powerful cars. To accurately
measure changes in vehicle efficiency, data must be analysed for each weight-class, engine
volume, etc.

The data required to take all the factors that affect energy efficiency into account go beyond
what is available on a consistent basis across countries. Consequently the energy intensity
measures presented in this book for cars and other end uses provide a picture that reflects
changes in technical as well as other factors such as behaviour. Thus, when reductions in
energy intensities are discussed here they are not presented as equal to energy efficiency
improvements.
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A brief overview of the methodology and data employed, and the geographic coverage for the
analysis is provided in the next chapter. Chapter 3 examines economy-wide trends and each
subsequent chapter provides a sector-by-sector analysis that compares trends in aggregate
indicators with those at a more disaggregated level using illustrative graphs with a brief
explanation and a headline that spotlights the key message. Chapter 9 gives an overview of
how the energy trends have affected the development of CO, emissions, while the final chapter
summarises key findings and future implications. The appendix includes data and key results
by country to provide additional details to the graphs presented in this book.
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Chapter 2. METHODOLOGY AND DATA

Introduction

The methodology used in this study builds on the analytical framework developed under the
IEA Energy Indicator Project, which in turn has drawn extensively on data and analysis
developed by the Lawrence Berkeley National Laboratory in the United States. The project has
been carried out in collaboration with governments and research institutions in a dozen IEA
Member countries as well as with energy indicator projects organised by the European
Commission. A thorough presentation of the IEA indicator work is available in Indicators of
Energy Use and Efficiency." There are also a number of journal publications that present the
methodology and results of this work.2

The measures - or indicators - employed to analyse energy use are constructed by combining
energy data with data that describe activities driving consumption in end-use sectors. From
these data various types of energy intensities can be developed. Energy intensities are related
to the inverse of energy efficiencies, but are not equivalent. The two are related in that the
energy intensity of an activity or productive output summarises the relationship between an
overall measure of output and the energy used for a variety of processes toward that end. Each
process, e.g., heating, motive power, involves one or more transformation of energy that can be
described in terms of efficiencies.

Since changes in intensities are also affected by factors other than energy efficiency, the IEA
does not term them energy efficiency indicators. Still, changes in the intensities are related to
changes in energy efficiency and thus analysing intensity trends provides important insights
into how energy efficiency and other factors affect energy use.

IEA Methodology for Analysing Energy Use

The IEA methodology for analysing energy end-use trends distinguishes among three main
components affecting energy use: (1) activity levels; (2) structure (the mix of activities within a
sector); and (3) energy intensities (energy use per unit of sub-sectoral activity). Depending on
the sector, activity is measured either as value-added, passenger-kilometres, tonne-kilometres,
population, or built area. Structure divides activity further into industry sub-sectors,
transportation modes, or measures of residential end-use activity. Table 2.1 gives an overview
of the various measures applied for activity, structure and energy intensities in each sector.

1. Indicators of Energy Use and Efficiency: Understanding the Link between Energy and Human Activity, International Energy

Agency, (OECD/IEA, Paris), 1997.

2. Selected references include;

- Schipper, L, Unander, F.; Murtishaw, S. and Ting, M., Indicators of Energy Use and Carbon Emissions: Explaining the Energy
Economy Link, Annual Review of Energy and the Environment, volume 26, 49-81, 2001.

- Unander, F, Karbuz; S.; Schipper, L, Khrushch, M. and Ting, M., Manufacturing Energy Use in OECD Countries: Decomposition of
Long-term Trends. Energy Policy 27 (13): 769-778, 2000.

- Schipper, L, Murtishaw, S.; Unander, F.,, Analysing Differences in Carbon Emissions in IEA Countries. The Energy Journal 22(2):35-
75,2001].

- Krackeler, T, Schipper, L. Sezgen, O., Carbon Dioxide Emissions in OECD Service Sectors: the Critical Role of Electricity Use. Energy
Policy. 26(15):1137-52, 1998.

- Unander, F, Ettestol, I, Ting, M. and Schipper, L., Residential Energy Use: An International Perspective on Long-Term Trends in
Denmark, Norway and Sweden, Energy Policy (forthcoming), 2004.
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Table 2.1

Summary of Variables Used in the IEA Energy Decomposition Methodology

Sector (i) Activity Structure Intensity
Sub-sector (j) (A) (Sj) (Ij = Ej/Aj)
Household
Space Heating Population Floor area/capita Heat! /floor area
Water Heating - Person/household Energy,/capita?
Cooking ! Person/household Energy,/capita?
Lighting ! Floor area/capita  Electricity/floor area

Appliances Ownership3/capita  Energy/appliance3

Passenger Transport
Car Passenger-km Share of total passkm  Energy/passkm

Bus
Rail n u "
Domestic Air

Freight Transport
Truck Tonne-km Share of total tonnekm  Energy,/tonne-km
Rall n n "
Domestic Shipping ! ! !
Service
Total Service Value-added (not defined) Energy/value-added
Manufacturing

Paper & Pulp Value-added Share of total Energy/
value-added value-added

Chemicals
Non-metallic Minerals
Iron & Steel " " "
Non-Ferrous Metals
Food and Beverages
Other Manufacturing

Other Industry4

Agriculture & Fishing Value-added Share of total Energy/
value-added value-added

Mln|ng n n n

Construction

1. Adjusted for climate variations and for changes in the share of dwellings with central heating systems.
2. Adjusted for dwelling occupancy (number of persons per household).

3. Includes ownership and electricity use for six major appliances.

4. Other industry is not included in this study.
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Key Terms

® Final Energy:
Energy delivered, for example, to a building, factory or fuel tank and ultimately converted
to heat, light, motion or other energy services, i.e., energy the consumer actually
purchases. Transformation and distribution losses are not included.

® Primary Energy:
Final energy plus losses incurred in converting energy resources into delivered heat
and electricity. Primary energy figures generally are not included in this study.

® Useful Energy:
Delivered energy minus losses estimated for boilers, furnaces, water heaters and other
equipment; used for estimates of heat provided in space and water heating for buildings.

® Activity or Output:
Basic unit of accounting for which energy is used, e.g., in space heating, it is the area
heated; in manufacturing, it is the production measured as value-added in real terms.

® Energy Intensity:
Energy "consumed” per unit of activity or output.

® Structure:
Refers to the mix of activities within a sector, e.g., modal mix (trucks, rail, ships) in
travel, energy end uses in households, and the shares of each sub-sector to total
manufacturing value-added.

® Energy Services:
Implies actual services for which energy is used: heating a given amount of space to
a standard temperature for a period of time, etc. In this study, a quantitative measure
of energy service demand in a sector is obtained from combined activity and structure
measures.

The separation of impacts on energy use from changes in activity, structure and intensity is
critical for policy analysis as most energy-related policies target energy intensities and
efficiencies, often by promoting new technologies. Accurately tracking changes in intensities
helps to measure the effects of these new technologies. To separate the effect of various
components over time, the IEA uses a factoral decomposition where changes in energy use in
a sector are analysed using the following equation:

J
In this decomposition:

E represents total energy use in a sector;
A represents overall sectoral activity (e.g., value-added in manufacturing);

5 represents sectoral structure or mix of activities within a sub-sector j
(e.g., shares of output by manufacturing sub-sector j);
l; represents the energy intensity of each sub-sector or end-use j

(e.g., energy use/real US$ value-added).
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If indices for the changes in each of these components over time are established, they can be
thought of as “all else being equal” indices. They describe the evolution of energy use that
would have taken place if all but one factor remained constant at their base year (£=0) values.3
In this study 1990 is used as the base year for the decomposition analysis.

From this the activity effect can be calculated as the relative impact on energy use that would
have occurred between year t=0 and year t if the structure and energy intensities for a sector
had remained fixed at base year values while aggregate activity had followed its actual
development:

A/Ag = Ath Si0* Lo/ Eo (2)

Similarly, the hypothetical change in energy use given constant aggregate activity and energy
intensities but varying sectoral structure - the structure effect - is:

St/So =Ao ]Z S;t* ljo / Eo (3)

and the proportional change in energy use given constant activity and structure but varying
energy intensities - the intensity effect - is:

lt/lo =Ag ]Z Sio* It/ Eo (4)

Thus through calculating the relative impact on energy use from changes in each of these
components the impacts on energy use related to improved end-use energy efficiency
(reductions in energy intensities) can be isolated from changes derived from shifts in the
activity and structure components.

Energy savings from reduced energy intensities can be defined as the difference between the
hypothetical amount of energy that would have been used in a given year if energy intensities
in each sector had remained at base-year values and the actual energy use, E;:

Energy Savings inyeart =E; / (I;/lp ) - E; (5)
With the energy intensity effect, I, /1o defined by equation 4.

By introducing the dimension of fuel mix, the decomposition of energy use can be extended to
address changes in CO, emissions. Fuel mix in this case represents both changes in fuel shares
among end uses and changes in the utility CO, intensity (CO, emissions per unit of electricity
or district heat produced). Changes in CO, emissions (G) in a sector then can be decomposed
according to:

G=ALS" " LRy (6)

where F stands for the carbon content of each fuel (k) used in sub-ssector (j). The k index
represents two factors: changes in the utility CO, intensity (electricity and district heat
production fuel mix and generation efficiency) and changes in the final fuel mix within each
end-use sector.

3. There are different index-number techniques that permit analysing this relationship over time. In this book, the Laspeyeres indices
approach is used. The Laspeyres approach yields a residual term due to interaction among the factors in the decomposition. This means
that the changes in the decomposition factors do not necessarily always add up exactly to the changes in energy use or CO, emissions.
In most cases, the residual term is relatively small compared to the effects of the other factors and for simplicity has not been included
in the figures or tables presented in this book.
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Figure 2-1 summarises how the decomposition approach can be used to break down changes
in energy use and CO, emissions into the different components included in the equations
above. It illustrates the links between the general economy, consumer demand for different
kinds of energy services, the energy system to supply these services and the resulting emissions.
Demand for energy services is generated by the activity levels in the different sectors of the
economy and the structure within each of these sectors. The driving factors behind the activity
and structure developments are GDP, population, income distribution and prices, as well as
geographic factors such as climate. The end-use energy required to satisfy the demand for
energy service is then expressed as delivered, or final, energy per unit of activity - the energy
intensity. By including supply-side losses for electricity and district heat generation and
multiplying all fuels by their emission factor, the emissions resulting from each of the activities
in the sectors can be calculated.

Figure 2-1

Model of Energy and CO, Emissions Decomposition

CO, EMISSIONS

1 1
1 1 H
1 1
i| ENERGY E END-USE ENERGY ECONOMY
i SUPPLY -guel Mix 1l ENERGY 'Eue' Mix SERVICE At
' = Generation 1 = Energy mActivity
i Power plants Efficiency i Heating ol Intensities gEkaAND m Structure Gop

| | [ | | I | -l | I u
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! | mGas supply 1| m Electricity u Light mIncome
1 | = Oil supply 1| m District heat = Indoor heat m Prices
1 | m Coal supply 1| metc. m Process steam
!l metc. i metc.
1
' “UTILITY” !

ENERGY SYSTEM

The resulting indices from each sector defined above can be combined further and weighted at
base-year values of energy use to measure the impact of changes in energy intensities or
activity and structure components on overall economy-wide energy use. The same approach can
be applied to CO, emissions. With E and G in this case representing energy use and CO,
emissions at a national level, the decomposition equations take the forms:

E=;Ai*?si,j*li,j (1b)
and

G= ; Ai * ?Sl,j * Ii,j * %Fi,j,k (Gb)

where the index i denotes the sectors and the index j denotes sub-sectors or end uses within a
sector as shown in Table 2-1.
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By re-aggregating the decomposition terms to a national level, interesting comparisons can be
made of developments in energy per GDP or CO, emissions per GDP. If both sides of equation
1b and 6b are divided by GDP, then:

and
G/GDP = ((LA; *¥L Si;)/GDP) * L I;; * X Fijx (6¢)
i J ij Ljk

The product of the activity effect (A) and the structure effect (S) can be defined as the energy
services effect. Thus equation 1c helps explain how energy per GDP has changed due to shifts
in the ratio of energy services to GDP and due to changes in end-use energy intensities. The
first factor reflects that the structural evolution of economies and human activities can cause
changes in demand for energy services and, therefore, consumption that enhances or offsets
shifts caused by changes in energy intensities. For example, air travel measured as person-
kilometres has grown faster than GDP in many countries, usually more than offsetting declines
in air travel intensity (energy per person-kilometre), with an increase in energy use for air travel
per unit GDP as a result. On the other hand, structural changes away from energy-intensive
manufacturing industries have enhanced the effect of reduced sectoral intensities in many
places and thus accelerated a decline in energy per GDP. Measuring the impact of these
changes in the relationship between energy services and GDP is therefore crucial to
understanding how the ratio of energy use to GDP changes over time.

Developments in the energy services per GDP indicator help to show how much of the change
in energy per GDP is due to factors other than changes in energy intensities. The impact of
intensities at the national level is instead captured by the energy intensity index at a national
level (the I term in equation 1c and 6c). This is constructed through weighting the sectoral
energy intensity effects (equation 4) at the base-year value of energy use.

Similarly, when assessing developments of CO, emissions per GDP, impacts from changes in the
energy services to GDP ratio can be separated from the impacts of CO, intensity. The CO,
intensity is defined as the product of the I and F terms in equation 6c.

The separation between energy services effects and energy or CO, intensity effects is important
from a policy perspective since restraining energy service demand is seldom a policy objective.
The decomposition approach used by the [EA allows for observing the impacts of the policy
elements related to energy and CO, intensity separately from changes in the structural and
activity components of energy use. This helps both to determine where policies can be most
effective and to monitor progress once they have been implemented.

Sectors and Data Analysed

This study considers energy use in the manufacturing, household, service, passenger and freight
transport sectors in the categories shown in Figure 2-2. It does not cover other industries as
data for these activities are scarce.

Data definitions in this study are based on the methodology used in the IEA Energy Balances
of OECD Countries although there are some important differences. In IEA statistics, coal
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transformation losses are included as energy transformation, while for the IEA indicator
approach these losses are allocated to the manufacturing sub-sectors where the secondary coal
products are consumed, notably in the iron and steel sub-sector. Petroleum products used as
feedstocks for industrial chemicals are included in total final consumption (TFC) in the IEA
statistics, while they are not considered in the indicator approach. Energy use for refining is
included in the transformation sector in both approaches and thus is not part of TFC.

Excluded from this study are some categories of transportation such as natural gas pipelines,
and fuel use for private boats and military vehicles. While both approaches exclude
international marine bunkers from TFC, international air traffic is included in the IEA statistics
but not in the indicator approach. As a result of these differences, TFC for IEA countries in 2000
is about 10% higher using the statistics approach than with the indicator approach.

Figure 2-2

Sectors, Sub-sectors, and End Uses
in the IEA Indicator Approach

Total Final Consumption

Households  Service Travel Freight Manufacturing  Other Industry*
Space Heating Service Cars & Trucks Paper & Pulp Agriculture &
Water Heating  total  Light Trucks Freight Rail Industrial Chemicals Fishing

Cooking Buses Domestic Shipping Non-metallic Minerals Mining
Lighting Passenger Rail  Domestic Air Freight* Iron & Steel Construction
Refrigerators Inland Air Travel Non-ferrous Metals
Freezers Food & Beverages
Clothes Washers Other
Clothes Dryers
Dishwashers

Other Appliances

* Not included in this study.

Country Coverage

Detailed data required for time-series indicator analysis exist in many IEA countries, but not yet
in all of them. Therefore, this study considers energy use only in IEA countries where consistent,
detailed, long-term time series are available. This group, referred to as the IEA-11 in this
analysis, includes: Australia, Denmark, Finland, France, Germany, Italy, Japan, Norway, Sweden,
the United Kingdom, and the United States. Detailed data are also available for Canada and
the Netherlands, although these data sets are either incomplete or cover shorter time series.

Consistent data series for Germany are difficult to obtain due to the reunification of east and
west Germany in 1991. The IEA has indicator data for the former west Germany from 1970
through 1994. Detailed data are available for the unified Germany from 1991. For the long-
term trend analysis presented here, the IEA has constructed time-series for unified Germany
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going back to 1970. This was done by taking real 1994 data for unified Germany and “"back-
casting” all data timeseries to 1970 using indices based on the data for west Germany
between 1970 and 1994. Thus relative trends for this “constructed” Germany reflect the
development in west Germany through 1994 (although scaled-up to total Germany by
multiplying the indices by the ratio of total Germany to west Germany in 1994) and the
development in unified Germany after 1994.

Sections of this book discuss aggregate trends in energy use for all IEA countries based on data
from IEA Energy Balances of OECD Countries. In such cases, the IEA is defined as those
countries that were members of the OECD in 1974 when the IEA was established. This means
that Korea, the Czech Republic and Hungary are not included in the IEA aggregates in this
publication.

Data Sources

Due to the diverse nature of the data needed for the disaggregated indicator analysis, this
study draws from a mix of national and international sources. Wherever possible, aggregate
economic and activity data are taken from the OECD National Accounts. These data include
population, employment, GDP, personal consumption expenditures, consumer price indices and
producer price indices. Value-added data for manufacturing sub-sectors are drawn from the
OECD STAN database, except for Australia where data are from the Australian Bureau of
Statistics. Data on energy use for electricity and district heat production are from the IEA
Energy Balances of OECD Countries. Energy price data are from the IEA quarterly publication,
Energy Prices and Taxes in OECD Countries.

Energy data for the manufacturing and service sectors generally are from IEA Energy Balances
of OECD Countries. Since this source does not provide data that separate the energy-extensive
printing sector from the energy-intensive production of paper and pulp, printing data have
been taken from national sources, where available.

The detailed energy and activity data for the remaining sectors (households, passenger travel
and freight transport) come from national sources. In Australia, data are taken from the
Australian Bureau of Agricultural and Resource Economics, the Australian Bureau of Statistics,
the Australian Greenhouse Office and the Australian Bureau of Transportation and Regional
Economics. In Canada, data are from Natural Resources Canada. In Japan, the detailed data
are from the Ministry of Economy, Trade and Industry, the Ministry of Land, Infrastructure and
Transport, and the Energy Data and Modelling Center. In the United States, detailed data are
from the Department of Energy - Energy Information Administration and the Oak Ridge
National Laboratory. Data for Norway are mostly from Statistics Norway. Detailed data for the
European Union countries analysed here are principally from data developed within Eurostat's
project on Energy Efficiency Indicators (see box). For the transport and household sectors, the
Eurostat data are supplemented by data from the ODYSSEE project or from national teams
within this project.4

4. The ODYSSEE national teams in the European countries covered in this study include; ADEME (France), AEAT (United Kingdom),
DEA (Denmark), ECN (Netherlands), ENEA (ltaly), FhG-ISI (Germany), IFE (Norway), MOTIVA (Finland), and STEM (Sweden).
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Eurostat: Priority Energy Efficiency Indicators

To help measure energy efficiency progress in the European Union (EU) and in individual
countries, the Energy Statistics Committee of Eurostat established a list of Priority Indicators
in 2000. These indicators are based on regular Eurostat statistics, supplemented with data
from the EU-SAVE sponsored ODYSSEE indicator project. The ODYSSEE network consists
of expert teams in all EU countries and Norway that annually submit disaggregated energy
indicator data to a central database. These data, however, have not been considered as
official Eurostat data. Consequently Eurostat conducted a procedure to ask its member
governments to check and approve the ODYSSEE data needed for the Priority Indicators
so that they could be considered official Eurostat data.

Based on these data, the first official Energy Efficiency Indicators for the EU were presented
to the Energy Statistics Committee in 2001. Following a second data collection in 2002,
the indicators were updated and presented in a publication Energy Efficiency Indicators
(Data 1990-1999), released in December 2002. [ISBN 92-894-4886-5]






ECONOMY-WIDE TRENDS IN ENERGY USE

Primary energy supply in IEA countries has increased steadily since 1973, interrupted
only by the oil price shocks in 1973-74 and 1979. Oil remains the dominant fuel in both
the primary energy supply and final energy mix. Yet the oil share has fallen. Oil use is
down in electricity generation and all stationary end-use sectors (manufacturing, service
and households). This decline offset growth in transportation oil use so that total primary
oil supply levels in 2000 were the same as in 1973.

Electricity demand has increased strongly since 1973. It was one-fifth of IEA total final
energy consumption in 2000, up from only 12% in 1973. The household and service
sectors led the growth in electricity consumption as more and more electric devices such
as clothes-dryers, computers and air conditioners were installed and used.

Economic growth far outpaced the growth in IEA energy demand: total primary energy
supply (TPES) per unit of GDP fell by a third between 1973 and 2000. While this ratio
fell in all countries, the rate of decline varied significantly. The country differences are
related to the development of sub-sectoral energy intensities (intensity effect) and of
energy service demand relative to GDP. In most countries, energy service demand grew
less than GDP and thus boosted the decline in energy per unit of GDP. This happened
as key activities that drive the need for energy services fell relative to GDP, such as output
from energy-intensive manufacturing, house size and, to some extent, travel activity.

For those countries where a decoupling of energy services and GDP is observed, using
the decline in the energy per GDP ratio as an indicator of energy efficiency developments
would overestimate the improvements. Indeed, for a group of eleven IEA countries (IEA-11)
(together accounting for 83% of IEA total final energy consumption (TFC) in 2000), the
decline in energy services to GDP was about one-fifth of the total 37% reduction in
TFC/GDP between 1973 and 1998.

All countries included in this study have seen reductions in energy intensities. However,
in most countries the rate of decline has slowed in all sectors since the end of the 1980s.
While the weighted sum of sub-sectoral energy intensities in the IEA-11 fell by 2% per
year on average between 1973 and 1990, this intensity indicator only declined by
0.7% per year averaged over the 1990-1998 period.

This slowing rate of decline can also be discerned in the energy per unit of GDP ratio in
most countries. However, in some, most notably in the United States, the fall in the energy
per unit of GDP ratio has accelerated since 1994. Most of the decline in the United States
is due to structural shift. Less energy-intensive activities, such as the production of
information technologies and electronics equipment, led the boom in the US economy
during the last half of the 1990s, far outpacing the growth in production of energy-
intensive raw materials such as steel. This trend reduced energy requirements per unit
of GDP in the manufacturing sector. This reduction, therefore, is not a result of improved
energy efficiency. In fact, the decline in the US end-use energy intensities has been very
modest since 1994.
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Despite the slowdown of intensity declines in recent years, reductions in energy intensities
led to considerable energy savings. The savings accrued between 1973 and 1998 for
the IEA-11 correspond to almost 50% of 1998 energy consumption levels, i.e., energy
use in 1998 would have been about 50% higher without the reductions in energy
intensities that took place over the period. Comparing the developments in the United
States, Japan and a group of eight European countries shows that economy-wide savings
were of a similar magnitude, but that there are important differences in savings rates at
the sectoral level. These differences are examined in the subsequent sectoral chapters.
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Primary energy supply has been
growing since 1973 and oil continues
to be the dominant fuel

Figure 3-1
Total Primary Energy Supply by Fuel, IEA Countries!
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Total primary energy supply (TPES) in IEA countries increased 37% between 1973 and 2000,
a compound growth rate of 1.2% per year. The growth was fairly steady except in 1974-1975
and in the early 1980s as a consequence of the two oil price shocks. The decline in these two
periods lowered IEA energy demand in 1983 to 1973 levels. Since then, the IEA's primary
energy supply has grown relatively smoothly at about 1.7% per year.

Oil, by far, remains the major contributor to supply, though its share of TPES declined from
55% in 1973 to 40% in 2000. Oil demand peaked in 1978 and then fell by 20% from 1979
to 1983. Since then, oil demand has increased continuously, returning to 1973 levels in 2000.

Natural gas overtook coal as the second largest contributor to the energy supply after 1994.
In 2000, natural gas accounted for 22% and coal for 20% of TPES for IEA countries.

Nuclear generation has experienced the largest growth in both absolute and relative terms.
Nuclear electricity production increased ten-fold between 1973 and 2000 and contributed
11% of total supply in 2000.

The share of renewable energies expanded from 4% in 1973 to 6% in 2000. This share is
dominated by combustible renewables (55%), hydro (36%) and geothermal (7%). Wind and solar
were the fastest growing renewables, yet only accounted for 2% of total renewable supply in 2000.

1. IEA in aggregate figures in this publication refers to those countries that were members of the OECD in1974, and therefore does
not include the newer Member countries - Czech Republic, Hungary and Korea.



ECONOMY-WIDE TRENDS IN ENERGY USE

Oil dominates final energy consumption,
but electricity is growing the strongest

Figure 3-2

Total Final Energy Consumption by Fuel, IEA Countries
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Total final energy consumption (TFC) for IEA countries is even more dominated by oil than
TPES. In 2000 oil accounted for 53% of consumption, down from 58% in 1973. The decline
is related to the oil price shocks. After 1983, oil use increased steadily at about the same rate
as TFC, approximately 1.4% per year.

Electricity caught up with natural gas as the second most important fuel in the final energy mix
in 1998. Since then, both have grown at the same rate and each constituted 20% of final
demand in 2000. Overall, electricity has grown the fastest, averaging almost 3% per year since
1973. Coal, on the other hand, declined at about the same rate as electricity increased. Coal
only had a 3% share of IEA TFC in 2000, the same as biomass.?

2. Coal use is concentrated in the power generation sector which is accounted for in TPES but not in TFC. In 2000 only 11% of IEA
total coal supply was consumed in the end-use sectors, which compares to almost 90% of the oil supply and 62% of the gas supply.
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Manufacturing is the only sector with a net
decline in energy consumption since 1973,
but it is still the main energy user

Figure 3-3
Total Final Energy Consumption by Sector, IEA-113
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Figure 3-3 shows the development of energy consumption by sector for a group of eleven IEA
countries. Both within this group and for the total IEA, manufacturing industries remain the
main energy user, though the sector's energy use in 2000 was lower than in 1973.

Except for manufacturing, energy consumption increased in all sectors within the IEA-11. The
strongest relative growth was in freight transport where demand increased by 2.3% per year
on average. Still the share of freight in IEA-11 energy consumption only went up from 8% to
11% between 1973 and 1998.

3. This group represents the countries for which the IEA has complete times series with detailed data for energy and energy consuming
activities covering the period 1973 to 1998 and in some cases to 2000 and 2001. The countries include; Australia, Denmark, Finland,
France, Germany, Italy, Japan, Norway, Sweden, the United Kingdom and the United States. Together these countries accounted for
83% of IEA Member country total final energy consumption in 2000.
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Energy consumption in the household and passenger travel sectors each accounted for about
20% of IEA-11 consumption in 1973. These two sectors, both dominated by private consumers,
grew at roughly the same rate to 1983. Since then passenger travel energy use has accelerated
and today is the second largest energy consuming sector. The average annual growth rate for
passenger transport energy use between 1973 and 1998 was 1.5%, which compares to 1.2%
for the service sector and 0.8% for the household sector. As a consequence, the combined share
of the two transport sectors grew from 28% in 1973 to 36% in 1998, close to a mirror-image
of the decline in the share of manufacturing.



Average annual percent change (%/yr)

ECONOMY-WIDE TRENDS IN ENERGY USE

Declines in stationary oil use have
largely offset growth in transport

Figure 3-4

Oil Demand by Sector, IEA-11
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Growth in transport put pressure on oil demand. An important driver of the increased demand
was car travel where annual car use increased much more rapidly than car fuel intensities fell
across the IEA-11 countries. Similarly for freight transportation, haulage by trucks increased
rapidly while there were only small reductions in truck fuel intensities in most IEA-11 countries.

Conversely, oil use fell significantly in all three stationary (non transport) sectors. In
manufacturing this came as a result of three factors: (1) reductions in energy intensities; (2)
structural changes towards less oil-intensive sub-sectors; and (3) direct substitution of oil by
other fuels. The extent of the contribution from each of these factors to the decline in oil use
varies from country to country. The total effect for IEA-11 was that manufacturing oil use fell
much more than total manufacturing energy did (60% versus 8% between 1973 and 1998).

Oil use in residential and service sector buildings also fell considerably, 40% and 50%
respectively, between 1973 and 1998. This decline is primarily a result of shifts from oil to
other heating alternatives and a general reduction in space heating intensities.

The share of oil use for all three stationary sectors fell from almost half of total final oil demand
in 1973 to only a fifth in 1998. Clearly, oil use in the IEA-11 has become concentrated in
transportation.
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Strong growth in electricity demand
in all stationary sectors
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Figure 3-5
Electricity Demand by Sector, IEA-11
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Electricity demand has increased rapidly in all stationary sectors.4 Residential electricity demand
growth primarily has been driven by increased ownership and use of electric appliances.
Traditional "big appliances” such as dishwashers and refrigerators dominated the growth to the
early 1980s, while much of the recent growth is due to the use of “miscellaneous” appliances e. g.,
home electronics and small kitchen gadgets. In the service sector much of the strong growth is
due to the proliferation of electrichased end uses such as cooling, ventilation, lighting, and
various kinds of office and network equipment.

While manufacturing had lower electricity demand growth than the other two sectors, this needs
to be seen in the context that total manufacturing energy use actually declined between 1973
and 1998. Therefore the importance of electricity in the manufacturing energy mix has increased
significantly, though the share of manufacturing in total electricity demand has fallen and today
the three sectors constitute roughly a third each of IEA-11 electricity demand.

4. The electricity use in transport is very small compared to the stationary sectors and thus has not been included in Figure 3-5.




USS (2000) per toe (tonne of oil equivalent)

ECONOMY-WIDE TRENDS IN ENERGY USE

Fossil fuel prices fell from
1982 to the end of the 1990s

Figure 3-6

Fossil Fuel Prices in Real Terms
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The 1973 Arab oil embargo caused oil prices to rise dramatically. For example, Arabian Light
prices increased from US$1.85/barrel in 1972 to $11.58 in 1974 (nominal prices). The next
price peak came in 1981, in the wake of the Iranian revolution, when prices rose to an all-time
high of nearly $40/barrel.

After 1982 oil prices began dropping and fell considerably in 1986 when Saudi Arabia
substantially increased its oil production. After ten years of relative stability, crude oil prices
started to decline again in 1997 due to OPEC's over production in the face of the Asian
financial crises. By early 1999, prices had reached the lowest level since 1973. However, over
the next two years they doubled on tighter OPEC discipline. (Since mid-2000 oil prices have
fluctuated, with a recent peak during the Irag war in 2003.)

Crude oil prices in real terms were on a declining trend between 1982 and 1999. In fact, the
price in early 1999 was less than a quarter of prices in 1982 measured in 2000 US dollars.

Real prices for natural gas and to some extent coal have more or less followed oil price
developments; although with less strong fluctuations (except for LNG prices in Japan which
have been closely linked to oil prices).
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IEA countries have steadily reduced the need
for energy to fuel economic growth
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Figure 3-7
TPES per GDP, TFC per GDP and TPES per TFC, IEA Countries
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TPES per unit of GDP has fallen sharply in IEA countries since the first oil price shock. Today
IEA economies use a third less primary energy to generate a unit of GDP than in 1973.

The TPES/GDP ratio fell most rapidly immediately after the two oil price shocks. Between 1973
and 1983 the fall in primary energy intensity averaged 2.2% per year. After 1983 and until
1990, the decline in TPES/GDP was steady, although at a more modest average rate of 1.3%
per year. After 1990 the decline slowed considerably until 1996 when the decline in IEA
primary energy intensity accelerated again, averaging a rate of 1.8% per year between 1997
and 2000.

The decline in primary energy per unit of GDP has been driven by improved energy efficiency
in key end uses, shifts in fuel mix and changes in the structure of human and economic
activities. Changes in the mix and efficiency of energy supply have also affected this ratio. This
is illustrated by the line showing the development of TPES/TFC in Figure 3-7. In 2000 this ratio
was 11% higher than in 1973, i.e., losses and consumption in the energy sector per unit of
final energy delivered to end-use consumers had increased 11%. The main reason is the
increased share of electricity in final demand. Electricity has a high end-use efficiency compared
to direct fuel-fired applications, but often significant losses in generation. Thus the increased
share of electricity “moved"” losses from the demand side to supply side, which more than offset
the improvements in supply side efficiency achieved during the period. Consequently TFC per
GDP fell more than TPES/GDP. By 2000, TFC per GDP was only 60% of the 1973 level.
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Big variations in energy per
GDP ratios across countries

TFC/GDP (megajoules/US$)

Figure 3-8
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Energy consumption per unit of GDP has declined in all IEA countries since 1973, but the rate
at which it has fallen varies. The United States had the strongest decline among the countries
shown in Figure 3-8 - TFC/GDP fell almost 50% between 1973 and 2000. At the other end of
the scale, Australia had a 22% decline. The reduction in the United States was relatively steady
while other countries experienced strong variations over time. In Japan, for example, TFC/GDP
fell at about the same rate as in the United States until the end of the 1980s, it then levelled

off and even increased as a result of economic recession.

Large differences in levels of energy consumption per unit of GDP are also evident in Figure 3-8.
For example, Canada consumed more than twice as much energy per GDP in 2000 as Japan,
Italy and Denmark, while the consumption per GDP in the United States was about 50%

higher than in Japan, down from twice as high in 1973.

Why are energy consumption levels per unit of economic output so different when these
countries are at similar stages of economic development? Part of the difference reflects
variations in energy efficiency. However, it would be very misleading to rank energy efficiency
performance according to a country's energy per GDP measure as that ratio is affected by many
non-energy factors such as climate, geography, travel distance, home size and manufacturing

structure.
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Key factors affecting energy demand
vary widely

Figure 3-9
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Figure 3-9 illustrates the wide spread in some key factors that are important for understanding
differences in energy per unit of GDP levels. Most of the factors are independent of GDP itself
and thus help explain the significant variations among IEA countries.

Note that the spread in GDP per capita basically did not change while the spread in TFC per
capita decreased from 1973 to 1998. This helps to explain why the variations in TFC/GDP in
1998 are lower than in 1973 (Figure 3-8).

The proportion of energy-intensive raw materials manufacturing in GDP is significant for energy
use levels in an economy: some products like steel and aluminium require 10 to 20 times the
energy per value-added than producing less energy-intensive products such as electronics.
Compared to generating GDP in the service sector, the difference is even higher, often more
than a factor of 30. The spread in the raw material share of GDP has increased since 1973. It
varied by a factor of 2.5 among the countries in 1998, indicating that differences in industry
structure are still a crucial factor behind differences in energy per GDP levels.

The range in another key factor, the building area per unit of value-added in the service sector,
has also increased since 1973. The larger area-per-dollar-generated, the more demand for energy
for heating, cooling and lighting and the higher contribution to the energy per GDP ratio. In
1998 this varied by a factor of 3.5 among the thirteen IEA countries included in the figure.

5. IEA-11 countries plus the Netherlands and Canada, denoted as IEA-13.
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Clearly in freight transportation, the more goods moved around at a given level of GDP, the
higher the freight energy use in an economy. Tonne-km per GDP in 1998 varied by more than
a factor of three among the IEA-13 countries, to a large extent due to differences in country
size. Geography also explains to some degree the differences in automobile use per capita,
which in 1998 ranged from more than 13 000 km/year in the United States to 3 900 km/year
in Japan.

Household area per capita also impacts a country's energy use. The variation in this ratio fell
from 1973 to 1998, but there was still a difference of almost a factor of 2 between the highest
value (United States) and lowest (Japan).

Climate is a key determinant for energy use in buildings. IEA countries cover a wide range of
winter climates with 30-year average heating-degree days (base 18 degree C) varying from 900
in Australia and 1800 in Japan to more than 4 500 in Canada and Finland.
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Figure 3-10 shows how changes in energy consumption per GDP can be attributed to changes
in the ratio of energy services to GDP and changes in sub-sector energy intensities (for more
than two dozen end uses). The intensity effect for the whole economy shown in the figure is
calculated as the sum of all sectoral intensity measures, weighted at 1990 energy use shares.”

Energy per unit of GDP fell by between 1 and 2% per year on average since 1973, except in
the United States where it fell more and Finland where it fell less. In almost all countries, lower
growth in energy services than in GDP, i.e.,, energy services to GDP fell, helped reduce the
energy per GDP ratio. The countries with the strongest reduction in energy per GDP (United
States, United Kingdom and Norway) are also the countries where energy services declined the
most relative to GDP. In the United States this was because energy service levels in the early
1970s were already relatively high. In Norway and the United Kingdom rapid expansion of
offshore oil and gas production led to strong GDP growth without increasing the demand for
land-based energy services at the same rate.8

In the countries where demand for energy services grew less than GDP, energy per GDP
declined faster than what was attributable to the effect of falling sub-sectoral intensities. This
means that using energy per GDP as a measure for energy efficiency developments would
overestimate the improvements. On the other hand, in Italy and Finland, where growth in
energy services outpaced economic growth, the effect of declining intensities is stronger than
what the energy per GDP ratio would imply.

7. In the Laspeyres index decomposition used here the sum of the annual percentage changes in energy services per GDP and energy
intensities does not always add up to the changes in TFC/GDP due to a residual interaction term. (See Chapter 2.) This explains
why the triangles representing TFC/GDP do not exactly match the sum of the two other components for some countries.

8. Energy use in oil and gas production is accounted for in the energy sector and is thus not part of TFC.
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Decoupling of energy services to GDP
continues, but reductions in energy

intensities have slowed
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The decline in energy per unit of GDP between 1973 and 1982 for the aggregate IEA-11 was
strong enough to lead to a net decline in final energy consumption. The most significant impact
came from declines in sub-sectoral energy intensities, though growth in energy service demand
lagged GDP during this period and thus also contributed to the decline in energy per GDP.

GDP grew rapidly between 1982 and 1990, but with a more moderate decline in energy per
GDP than the previous period. Since energy services per GDP also fell, the main reason for the
slower decline in energy per GDP was less impact from reduced end-use intensities.

Between 1990 and 1994, GDP growth in IEA-11 was moderate as several IEA economies went
through recession and energy service demands increased faster than GDP. This is one
explanation of why energy per GDP only fell by 0.3% per year on average. It is also because the
decline in sub-sectoral energy intensities slowed significantly compared to the earlier periods.

After 1994, the slow decline in intensities continued, but was then augmented by a decline in
the ratio of energy services to GDP. The decline in this ratio contributed almost as much as the
decline in intensities to the 1.2% annual average reduction in energy per GDP between 1994
and 1998.
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Declines in sub-sectoral energy intensities
account for about 80% of the total
37% reduction in TFC/GDP

Figure 3-12

TFC per GDP, and Impacts from Changes
in Energy Services per GDP and Energy Intensities, IEA-11
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Figure 3-12 illustrates how both the reductions from the energy intensity effect and from the
decoupling of energy service demand and GDP led to reduced energy consumption per unit of
GDP. As seen in Figure 3-11, until the most recent years the intensity effect was by far more
important than the energy services per GDP ratio in driving down energy per GDP. The decline
in the latter ratio only accounted for one fifth of the 37% decline in energy per GDP since
1973.

In summary, four important observations can be made from Figure 3-11 and 3-12 for the [EA-11
countries: first, there seems to be a tendency for energy service demand to increase less than
GDP except in recession periods; second, the decline in energy per GDP slowed gradually from
the first half of the 1980s to the mid-1990s when it again accelerated somewhat; third, the
decline in energy per GDP between 1973 and 1994 can mostly be attributed to falling sub-
sectoral intensities, closely related to energy efficiency improvements; fourth, recent trends
indicate that falling energy service levels relative to GDP are almost as important as improved
energy efficiency in reducing energy demand per unit of GDP.



ECONOMY-WIDE TRENDS IN ENERGY USE

Declines in US energy per GDP resulted from
reduced energy service demand per GDP,
while in Europe they resulted from

intensity declines
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As illustrated in Figure 3-11 decoupling energy service demand from GDP growth has been almost
as significant as declining energy intensities to reduce energy per unit of GDP for IEA-11 after
1994, This trend was more prominent in the United States than in Japan or Europe, as seen in
Figure 3-13. In the United States, more than half of the 1.8% average annual reduction in energy
per GDP between 1994 and 1998 can be ascribed to the rapid growth in GDP relative to the
demand for energy services, with the rest being the result of falling sub-sectoral energy intensities.

Energy intensities actually increased in Japan between 1994 and 1998 but thanks to a small
decrease in the energy service demand to GDP ratio, energy per GDP remained almost
unchanged. Among a group of eight European countries, energy per GDP fell at almost the
same rate as in the United States, but here most of the decrease came as a result of declining
sub-sectoral energy intensities.9

Developments since 1994 show that in both the United States and the group of eight
European countries, energy per GDP has fallen more in recent years than seen since the mid
1980s. While most of the decline in the United States is related to strong economic growth
relative to energy service demand, the decline in Europe came more as a result of
improvements in sub-sectoral energy intensities. In Japan, energy services lagged behind the
very modest growth in GDP, but nevertheless energy per GDP did not fall.

9. The eight European countries of the IEA-11 group, Denmark, Finland, France, Germany, Italy, Norway, Sweden and the United
Kingdom, here denoted EUR-8.
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Most key energy demanding activities
in the United States have grown
less than GDP since 1994

Figure 3-14

Changes in the Ratio
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What caused the lag in energy service levels relative to GDP to accelerate in the United States
after the mid-1990s while it was not seen to the same extent in Japan and EUR-8? To answer
this, it is interesting to investigate the rate of growth in key activities that drive demand for
energy services relative to GDP. Altogether changes in the activities shown in Figure 3-14
comprise most of the changes in the energy service effect discussed in the previous figures.

When one of these factors grows slower than GDP it will contribute to reducing the energy
service to GDP ratio and thus energy per GDP. For example, if the share of GDP from the
production of energy-intensive raw materials declines, it will drive down energy consumption
per GDP. This has been the case for the United States, Japan and the EUR-8 since 1973.
Similarly, growth in household floor area has lagged GDP increases, except for recent trends in
Japan, and thus eased the demand for energy per unit of GDP.

Averaged over the 1973-1994 period, the main activities that grew faster than GDP in all
regions were airtravel, use of electric appliances and, to some extent, truck freight haulage. In
Japan and Europe, increased car travel relative to GDP also contributed to driving up energy
demand. Still the energy services to GDP ratio fell in each region, which mostly is due to
structural changes in manufacturing and reduced household area per unit of GDP.
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The growth rates for all activities in Japan after 1994 did not slow as much as GDP, except the
production of raw materials. While in Europe, the strong growth in air travel continued, and
although to a lesser extent than before, the ownership and use of appliances still led the
growth in GDP.

All activity indicators in the United States fell relative to the rather strong growth in GDP after
1994, with a small exception for air travel. Travel by car was lower than GDP growth by almost
1% per year and growth in household floor area by almost 2%. But the most important factor
lowering the energy service per GDP ratio was the decline in the raw material share of GDP.
This decline was to a large extent driven by increased shares of other types of manufacturing,
most notably the production of electronics and communication equipment. This can be related
to the development of the so-called “information economy”, which may have important impacts
on future energy use (see box).

Energy Impacts of the Information Economy

Growth of information and communication technology in an economy can affect energy
demand in several ways:

Improved overall productivity and the relative productivity of different sectors. This
will boost economic growth and possibly alter the relative prices of goods and services
and thus affect both the level and pattern of energy use.

Structural effects. Both the production and use of information and communication
technology may lead to structural changes. For example, the production of electronics
requires much less energy per value-added than the average for manufacturing so an
increased share of electronics production would lead to lower aggregate energy intensity
in manufacturing, and thus contribute to lower energy per GDP.

Changes in activity levels that drive demand for energy services. Increased use of
electronic commerce can reduce the need for building area for storage and shops
and thus the requirements for heating and lighting. On the other hand, freight transport
activity, especially for non-bulk items sent by air or trucks, may increase as more
consumer products are ordered via the Internet. Increased telecommuting may reduce
work-related travel in the short-term, but can in a longer perspective also increase
travel distances as people move farther away from city centres when they do not
need to be in the office every day.

The acceleration in the decline of energy consumption per GDP in the United States since
the mid-1990s started a debate about whether this could be explained by impacts from
the development of the “information economy”. If this was the case certain end-uses would
be expected to rise or fall relative to others. As indicated by Figure 3-14, this did happen
to some extent: information and electronics technologies played an important role in the
strong manufacturing sector growth in the United States, which reduced the importance
of energy intensive raw materials and thus the need for energy services per value-added.

This development has nothing to do with energy efficiency improvements. In fact, the
decline in sub-sectoral energy intensities was very modest, which contrasts with earlier
periods when intensity changes accounted for most of the drop in energy per GDP in the
United States.
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Energy intensity declines have slowed
in all sectors since the late 1980s

Figure 3-15

Sector Intensities and Total Economy Effect, IEA-11
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Declining end-use intensities have been responsible for most of the drop in the energy/GDP
ratio during most of the 1973 to 1998 period. But notably, the rate of decline has slowed since
the mid to late 1980s. The intensity effect for the whole economy, which is calculated as the
sum of all sectoral intensity measures, weighted at 1990 energy use shares, declined by as
much as 2.5% per year on average between 1973 and 1982. Over the next eight years there
was still a significant decline, although at a somewhat lower average annual rate of 1.5%.
After 1990, the decline rate was down to only 0.7% per year, averaged over the 1990 to 1998
period. (See also Figure 3-11.)

This slowing rate of intensity decline trend is seen in most sectors. It is most prominent in the
manufacturing sector: intensity (corrected for changes in structure) fell by 41% over the 1973 to
1998 period, but it had already declined 36% by 1986. This corresponds to an average annual
rate of decline of 3.5% between 1973 and 1986 and only 0.6% per year for the next twelve years.

The service and household sectors trailed manufacturing in terms of total intensity reductions.
Interestingly, the decline rates in these two sectors have followed each other closely throughout
most of the period, with slightly stronger reductions than average for the whole economy.
Passenger and freight transport have pulled up the average economy-wide intensity effect.
While the passenger travel intensity fell at almost the same average rate before and after 1986
(about 1% per year on average), the freight intensity in 1986 was at about the same level as
in 1973 (both intensities calculated holding the modal mix constant). Since 1986, the freight
intensity has declined at about the same rate as the passenger travel intensity.
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Without 25 years of energy savings,
energy consumption would have been

almost 50% higher
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Figure 3-16

Actual Energy Use and Hypothetical Energy Use
without Intensity Reductions, IEA-11
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How much did falling energy intensities in the various sectors reduce total energy use in
IEA-11 between 1973 and 19987 In Figure 3-16 the lower line shows actual climate-corrected
energy use, which includes the effect of changes in energy intensities. The upper line represents
the hypothetical energy use that would have occurred if energy intensities had remained at the
1973-level in all sectors.10 Energy savings due to falling intensities are then calculated as the
difference between the hypothetical energy use without savings and actual energy use (see
equation 5 in Chapter 2).11

Relatively steady declines in energy intensities resulted in energy savings, although the savings
rates have slowed somewhat over recent years (see Figures 3-11 and 3-15). By 1998 the
savings amounted to 48.2 EJ, which corresponds to 49% of 1998 energy use level. In other
words, IEA-11 energy use would have been 49% higher in 1998 if intensities of the different
sub-sectors and end-uses had remained at 1973 level.

10. Since this book uses a Laspeyres index decomposition with base-year 1990 both the intensity effect in 1973 and in any other
year are weighted using 1990-structure in each sector. The hypothetical energy use described by the upper line is the same as the
energy service demand, except for a residual term that occurs due to interaction effects (refer to Chapter 2).

11. Using this method the savings in a given year reflect the impact of the decline in intensities between 1973 and the given year.
As a consequence, subtracting the savings in a year, say 1998, from another, say 1990, does not necessarily yield the savings
resulting from the decline in intensities between 1990 and 1998. If savings due to changes in intensities between 1990 and 1998
are to be calculated correctly, the upper curve needs to be rebased to 1990-level.

49 %
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If savings rates had followed
“the second best” 1IEA-11 could have saved
13% more energy between 1990 and 1998

Figure 3-17

Actual Energy Use in 1990 and 1998
and Two Hypothetical Energy Savings Cases, IEA-11
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How much more energy could have been saved if each of the IEA-11 countries had reduced
their end-use intensities at the same rate as the country with the strongest intensity reduction
in each end-use?

Before answering the question it is important to keep in mind that many countries had very
different starting points for some of these intensities. Looking back to 1973, for example, the
fuel intensity of cars in the United States was much higher than in Europe and Japan where
cars were smaller, lighter and had less powerful engines. This means that there was more room
for US cars to reduce fuel intensity throughout the 1970s and 1980s. Similarly, in 1973 Japan
had a low space heating intensity due to both efficient heating practices and lower heating
comfort levels. Thus, it would be unrealistic to expect the same rate of intensity reductions in
Japan as in countries where heating comfort levels already were high.

By 1990 these differences among countries were less significant which makes end-use
comparisons of intensity developments for recent years more meaningful. In Figure 3-17 the
bar labelled “1998 energy use with accelerated savings" illustrates what energy use in 1998
would have been if each IEA-11 country's own intensity decline was substituted end-use by end-
use (listed in Figure 2-2 in Chapter 2) by the decline rate of the country with the second
strongest intensity reduction between 1990 and 1998, and keeping the country's own activity
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and structural development. (The second “best performance” was chosen to avoid the impact
of extreme cases, which in some cases could be a result of data uncertainties.)

The results of these calculations across all IEA-11 countries show that in the accelerated
savings case, energy use would have been 13% lower than the actual energy use in 1998. By
comparison, if each country's intensity had remained at 1990 levels, energy use would have
been 6% higher in 1998 (bar labelled “1998 energy use without savings" in Figure 3-17).12

The case without savings would have resulted in an 18% increase in energy use between 1990
and 1998. In the accelerated savings case, energy use in 1998 would have been virtually the
same as the 1990 level. This compares with the 12% increase that energy use actually grew
from 1990 to 1998.

12. Calculated in the same manner as the hypothetical energy use without savings in Figure 3-16.
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Economy-wide intensity effect
fell by about 30% in each region

Figure 3-18

Changes in Economy-wide Energy Intensity Effect
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The economy-wide energy intensity effect declined by almost the same amount in each region
between 1973 and 1998: 30% in Japan, and 34% in the United States and EUR-8.

The development of the EUR-8 and the Unites States' intensity effect closely followed each
other through 1998, but it was very different in Japan. Intensity rose between 1973 and 1977
in Japan largely due to increased energy per value-added in key manufacturing industries. After
1977, falling intensities in these industries led the very dramatic decline in the Japanese
intensity effect until the mid-1980s. This decline is stronger than seen in any period in any
other country studied by the IEA.

As Japan slipped into recession after 1990, the economy-wide energy intensity effect shifted
and started to increase. This gave the United States and EUR-8 a chance to catch up, and by
1994 intensities had fallen by just over 30% since 1973 in all three regions. After 1994, the
decline in Japan more or less followed the trends in the United States and EUR-8 until 1998
when the Japanese economy-wide intensity jumped due to increased intensities in the
manufacturing and service sectors.



