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Governments in many countries are increasingly
aware of the urgent need to make better use of
the world's energy resources. Improved energy
efficiency is often the most economic and readily
available means of improving energy security
and reducing greenhouse gas emissions. What
progress are we currently making in our efforts
to improve energy efficiency? Why are countries’
energy intensities so different? And how can the
introduction of best available technologies help
reduce energy use?

To answer these questions, the IEA has developed

in-depth indicators - tools that provide state-of-the-
art data and analysis on global energy use, efficiency
developments and CO, emissions. These indicators
form part of the IEA contribution to the G8 Gleneagles
Plan of Action for Climate Change, Clean Energy and
Sustainable Development.

Worldwide Trends in Energy Use and Efficiency
summarises the main results and conclusions from
this work. It brings together information on all end-

use sectors plus power generation, for key developed
and developing countries. Using new statistics and
methodologies, the analysis clearly identifies the
factors driving and restraining the demand for energy,
d the opportunities for improved energy efficiency.
highlights the gaps in currently available data
ses a major new international effort to
ilability and quality of information on
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FOREWORD

Improved energy efficiency is a shared policy goal of many governments around
the world. The benefits of more efficient use of energy are well known and include
reduced investments in energy infrastructure, lower fossil fuel dependency, increased
competitiveness and improved consumer welfare. Efficiency gains can also deliver
environmental benefits by reducing greenhouse gas emissions and local air
pollution.

However, tracking trends in energy efficiency and comparing the performance of
countries is not straightforward. Energy efficiency is only one of a number of factors
that impact energy use, so it is perfectly possible to have improving energy efficiency,
while still seeing rises in energy consumption. Disentangling the various factors that
drive and restrain energy use is the key purpose of the IEA energy indicator work.

This summary report is the latest in a series of publications on energy indicators from
the IEA in support of the Gleneagles Plan of Action. This follows a request from the
leaders of the G8 at their July 2005 summit for advice on how to achieve a clean,
clever and competitive energy future.

The overall message from the indicators work is clear; the current rate of energy
efficiency improvement is not nearly enough to overcome the other factors driving
up energy consumption. As a result we are heading for an unsustainable energy
future. We must find new ways to accelerate the decoupling of energy use and CO,
emissions from economic growth. The good news is that this analysis also shows there
is still substantial scope for improving energy efficiency based on existing technology.
However, realising this potential will require strong and innovative action on the
part of governments. Governments also need to put greater efforts into improving
the availability, timeliness, quality and comparability of the detailed data needed to
target and evaluate the new policies that will be required.

The analysis contained in this book would not have been possible without the
substantial help we received from governments, organisations, companies and
industry associations with collecting and validating the underlying data. We are very
grateful for the close collaboration of the statisticians and analysts in IEA member
countries, including experts from the European Union sponsored ODYSSEE network.

This publication was prepared by the Office of Energy Technology and R&D (ETO) in
co-operation with the Energy Statistics Division (ESD). Peter Taylor is the co-ordinator
of the IEA indicators work and had overall responsibility for the report. The other
authors were Michel Francoeur, Olivier Lavagne d'Ortigue, Cecilia Tam and Nathalie
Trudeau. Many other IEA colleagues contributed to the analysis. Particular thanks go
to the IEA Communication and Information Office (CIO) for their work in designing
the layout and producing this publication.

Nobuo Tanaka
Executive Director
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EXECUTIVE SUMMARY

Introduction

Governments in many countries are increasingly aware of the urgent need to make
better use of the world's energy resources. Improved energy efficiency is often the most
economic and readily available means of improving energy security and reducing
greenhouse gas emissions. To support better energy efficiency policy-making and
evaluation, the International Energy Agency (IEA) is developing in-depth indicators
of energy use, efficiency trends and CO, emissions.

The work has been undertaken in response to a request from G8 leaders to support
the Gleneagles Plan of Action, launched in July 2005. In this Plan, the leaders
addressed the global challenges of tackling climate change, promoting clean energy
and achieving sustainable development. They identified the need to transform the
way we use energy as a top priority.

This publication provides a summary of the key results of the indicators work so far. It
shows how indicators can be used to identify the factors driving and restraining the
demand for energy, explains why there are differences in energy intensities amongst
countries, and quantifies how the introduction of best available technology can
help reduce energy use. It builds on two earlier indicator reports, published in 2007,
Tracking Industrial Energy Efficiency and CO, Emissions and Energy Use in the New
Millennium: Trends in IEA Countries.

Key Findings

Recent Trends in Energy Use and Efficiency

Detailed analysis for IEA countries shows that improved energy efficiency continues
to play a key role in shaping energy use and CO, emissions patterns, but that the
rate of improvement has slowed substantially. Results for a group of 16 IEA countries
show that since 1990 about half of the increased demand for energy services has
been met through higher energy consumption, and the other half through gains
in energy efficiency. All sectors achieved efficiency improvements, which averaged
0.9% per year between 1990 and 2005. These improvements led to energy and
CO, savings of 15% and 14% respectively in 2005 (16 EJ and 1.3 Gt CO,). This
translates into fuel and electricity cost savings of at least USD 180 billion in 2005.
However, the efficiency gains are about half those seen in previous decades; energy
efficiency improvements averaged 2% per year between 1973 and 1990. Therefore,
over the longer term, the savings from improved energy efficiency have been even
more significant. Without any energy efficiency gains since 1973, energy use in a
group of 11 IEA countries would have been 58% higher in 2005 than it actually was.
This is the equivalent of 59 EJ of energy not consumed.

Data for countries outside the IEA are much less detailed and comprehensive, limiting
the indicators that can be developed. However, initial analysis reveals that final energy
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consumption in developing and transition countries is growing less quickly than gross
domestic product, due to a combination of structural changes and energy efficiency
improvements. Since 1990, these reductions in energy intensity have generally been
greater than for IEA countries. Nevertheless, the energy intensities of developing and
transition countries remain higher on average than for the IEA. At a sectoral level,
some interesting results are also emerging on the different patterns of energy use and
efficiency in various parts of the world.

Potential for Further Energy Savings

Despite the recent improvements in energy efficiency, there still remains a large
potential for further energy savings across all sectors. For instance, analysis of industry
shows that the application of proven technologies and best practices on a global
scale could save between 25 EJ and 37 EJ per year, which represents between 18%
and 26% of current primary energy use in industry. The associated CO, emissions
savings are 1.9 Gt CO, to 3.2 Gt CO, per year. The largest savings potentials can be
found in the iron and steel, cement and chemical and petrochemical sectors.

In the electricity generation sector, if all countries produced electricity at current best
practice levels of efficiency then fossil fuel consumption for public electricity generation
could be reduced by between 23% and 32%. This is equivalent to energy savings of
between 21 EJ and 29 EJ per year and CO, reductions of 1.8 Gt CO, to 2.5 Gt CO,. The
largest savings of both energy and CO, emissions are from improving the efficiency of
coalfired plants. On a regional basis, just under half the global savings would be from
OECD countries, with the remainder from developing and transition countries.

Conclusions and Further Work

Accelerating energy efficiency improvements is a crucial challenge for energy and
climate policies. The rate of energy efficiency improvement needs to be increased
substantially to achieve a more secure and sustainable energy future. The good news
is that this is indeed possible. There are some signs that the rate of improvement in
energy efficiency has been increasing slightly in the last few years, as a result of the
many policies recently initiated. Furthermore, this report shows examples across all
sectors of particular countries achieving higher than average rates of energy efficiency
improvement. It also highlights that a large potential remains for further energy efficiency
gains. All governments must learn from the best practices of others and act now to
develop and implement the necessary mix of market and regulatory policies, including
stringent norms and standards. This should be complemented by efforts to drive down
the CO, intensity of electricity production by moving towards a cleaner technology mix.
The IEA has presented a list of high-priority energy efficiency policy recommendations
to help governments increase rates of energy efficiency improvement.

Energy indicators can play an important role in supporting energy efficiency policy
development and evaluation. Many IEA member countries already use energy
indicators and their use is attracting increasing interest from other countries. The
IEA role is to assist and internationalise these efforts by developing transparent and
consistent international databases and methodologies and by collaborating with
governments, industry and other international and regional organisations.
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In taking forward the indicators work, the most urgent need is to improve the
availability, timeliness, quality and comparability of the underlying data. The situation
is most challenging for non-IEA countries, with little or no detailed data available for
most countries. Data quality and comparability also still need to be improved in [EA
countries, particularly for the industry sector. Improvements to the data could best be
achieved through an agreed system of reporting for major developed and developing
countries, working with both governments and industry. The IEA, together with other
regional organisations, is currently developing a common indicator template. This
template could be used to define a joint questionnaire on energy efficiency, similar to
the existing five annual IEA energy statistics questionnaires. This improved reporting
would then provide a means for developing indicators that can be tailored to the
needs of both IEA and other countries. Finally, the IEA encourages countries to use
the indicators framework to support the implementation and evaluation of its energy
efficiency policy recommendations.

./






Chapter 1« INTRODUCTION

INTRODUCTION

This publication provides an overview of recent work by the International Energy
Agency (IEA) to develop in-depth indicators of energy use, efficiency developments
and CO, emissions. The indicators are used to identify the factors driving and
restraining the demand for energy, explain why there are differences in energy
intensities amongst countries, and quantify how the introduction of best available
technology can help reduce energy use.

This work has been undertaken in response to a request from G8 leaders to support the
Gleneagles Plan of Action (GPOA), launched in July 2005. The GPOA addresses the
global challenges of tackling climate change, promoting clean energy and achieving
sustainable development. In particular, it identifies improvements to energy efficiency
as having benefits for energy security, economic growth and the environment.

The following chapters update and expand on the key results for the industry,
household, service and transport sectors presented in two recent IEA indicator books:
Tracking Industrial Energy Efficiency and CO, Emissions and Energy Use in the New
Millennium: Trends in IEA Countries. New features of the analysis include:

> expanded coverage to include aggregate indicators for key developing and
transition countries, based on IEA statistics;

> extended time series for most indicators with data for the year 2005;

D> detailed indicators for a further two IEA countries (Republic of Korea and
Switzerland), bringing the total included to 22;

> updated results for industry, including regional potentials for some key sub-
sectors; and

> new indicators examining the efficiency of electricity generation from fossil
fuels.

A key focus of the IEA indicators work is to provide an integrated analysis of how
energy efficiency in all end-use sectors and electricity generation has affected recent
developments in energy use and CO, emissions. The potentials for further efficiency
improvements are also quantified for industry and electricity generation.

The remainder of this report is structured as follows. Chapter 2 highlights the overall
trends, examining energy use and CO, emissions across all end-use sectors. Each
of the following four chapters explores one end-use sector in more detail: industry,
households, services and transport. Chapter 7 then presents indicators for electricity
generation. Finally, Chapter 8 summarises key conclusions and discusses ideas for
further work.

1. The reader is referred to these publications for more detailed analysis and for further information on the data
sources and methodologies used.

./
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OVERALL TRENDS

Summary

> Between 1990 and 2005 global final energy use increased by 23% while the
associated CO, emissions rose by 25%. Most of the growth in energy use and
CO, emissions occurred in non-OECD counttries.

>  Globally, energy consumption grew most quickly in the transport and service
sectors, driven by rising passenger travel and freight transport, and a rapid
expansion in the service economy.

> Oil products remained the most important final energy commodity with a global
share of 37% in 2005, driven by their use in transport. Electricity consumption
is growing rapidly in many countries; its global use increased by 54% between
1990 and 2005. Traditional biomass and coal both remain important in non-OECD
countries although their shares of total final energy use are declining.

> Energy use has been increasing more slowly than economic activity in most
countries. As a result, global energy intensity, calculated in terms of final energy
use per unit of gross domestic product (GDP), fell by 26% between 1990 and
2005. The reductions in energy intensity were largest in non-OECD countries,
due to a combination of structural changes and efficiency improvements.

D> In contrast, final energy use per capita increased in most countries between
1990 and 2005. This increase was linked to growing wealth which leads to
increased per capita demand for energy-using goods and services. On average,
final energy use per capita in non-OECD countries is only 23% of the level in
the OECD.

> Better understanding of the factors affecting energy consumption, including the
role of energy efficiency, requires indicators based on more detailed data than are
available in the |EA statistical balances. However, this more detailed information
is currently only available on a comparable basis for some IEA countries.

D> Analysis with these disaggregate indicators for 16 IEA countries (IEA16) shows
that improved energy efficiency has been the main reason why final energy
use has been decoupled from economic growth. Without the energy efficiency
improvements that occurred between 1973 and 2005 in 11 of those countries,
energy use would have been 58%, or 59 EJ, higher in 2005 than it actually was.
However, since 1990 the rate of energy efficiency improvement has been much
lower than in previous decades.

> These findings provide an important policy conclusion — that the changes
caused by the oil price shocks in the 1970s and the resulting energy policies did
considerably more to control growth in energy demand and reduce CO, emissions
than the energy efficiency and climate policies implemented in the 1990s.
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Introduction

This chapter examines energy use by final consumers in the main end-use sectors:
industry, households, services and transport (excluding international aviation and
marine transport). CO, emissions that result from this final energy consumption
are also covered, including indirect emissions from the use of electricity and heat.
However, the analysis does not include either the fuels used in the energy sector
for the production of electricity and heat or for the transformation of crude oil into
refined petroleum products.?

Trends in the development of final energy and CO, emissions by sector and energy
commodity are presented, together with aggregate indicators showing final energy
intensity (final energy use per unit of gross domestic product (GDP)) and energy use
per capita in different countries and regions. These aggregate indicators have the
advantage that they can be compiled on a reasonably consistent basis for all countries
and regions and so allow comparisons of trends and levels across different countries.

However, such indicators are not sufficiently detailed to explain fully the factors
affecting energy consumption and CO, emissions. More detailed energy indicators
are required to make the link between drivers of demand and their impact on overall
energy consumption. Such disaggregated information is much less readily available.
Comprehensive and detailed data for all end-use sectors are available for a group of
16 IEA countries (see Annex A for country coverage). This has allowed more detailed
indicators to be constructed for these countries, including a decomposition analysis
to quantify the impact of the different factors affecting final energy use.

Global Trends

Between 1990 and 2005, global final energy consumption increased by 23%.
Energy consumption grew most quickly in the service and transport sectors, both
sectors showing an increase of 37%. These increases were driven by strong growth
in activity in these sectors for many countries (see Chapters 5 and 6). Figure 2.1
shows that in 2005, manufacturing industry was the end-use sector that globally
consumed the most energy, with a 33% share. It was followed by households (29%)
and transport (26%).

Trends in CO, emissions are driven by the amount and type of energy used and the
indirect emissions associated with the production of electricity. Between 1990 and
2005, global CO, emissions from final energy use increased to 21.2 Gt CO,, a rise of
25%. Manufacturing was again the most important sector in 2005, with a share of 38%,
but for CO, emissions the share from transport (25%) was higher than for households
(21%). The sectors rank differently depending on whether energy or CO, emissions are
being considered, as they do not all use the same mix of energy commodities and so
have different average levels of CO, emissions per unit of energy consumption.

2. The definition of final energy consumption used in this chapter differs from that in the IEA energy balances. Full
details of the coverage used here can be found in Annex A of IEA, 2007b. The coverage of industry also differs from
that in Chapter 3. In this chapter only manufacturing industry is included, whereas Chapter 3 covers all industry:
manufacturing, mining and quarrying and construction.
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Figure 2.1 P Shares of Global Final Energy Consumption and CO, Emissions
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Figure 2.2 P Total Final Energy Consumption by Sector
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Trends in energy use varied significantly amongst countries and regions (Figure 2.2).
Between 1990 and 2005, final energy use grew less quickly in OECD countries (+19%)
than in non-OECD countries (+27%). In OECD counttries, the growth was mostly due to
increasing transport energy consumption. In 2005, the transport sector accounted for

./
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35% of total final energy use. The service sector was the second fastest growing sector,
but since it only accounts for about 14% of final energy use the impact of its increase
on overall energy use was less important. Despite showing only a small increase in
energy consumption, the manufacturing sector retains a substantial share of total final
energy use in OECD countries at 27%.

Non-OECD countries show a very different picture. In these countries manufacturing
and household energy use dominates, with shares in 2005 of 38% and 36%
respectively. In contrast, despite growing most rapidly between 1990 and 2005, the
transport sector only accounts for 17% of total energy use.

Energy use in China is increasing most quickly amongst the major economies, due to rapid
economic growth. Between 1990 and 2005, China's manufacturing energy demand more
than doubled, transport energy use almost tripled and the service sector increased its
consumption by three and a half times. Overall, China's final energy use increased by 69%
over this period. In contrast, Russia currently has significantly lower energy consumption
in all sectors of the economy when compared to 1990. Total final energy consumption
decreased by 41% between 1990 and 2005, as a result of the major economic restructuring
that took place in the early and mid-1990s. Most of the decreases in energy use occurred
before 1998 and since then final energy use has been more stable.

Not only does the pattern of sectoral energy use vary significantly between OECD and
non-OECD countries, but the final energy mix is also quite different (Figure 2.3). Due to the
relative importance of the transport sector in the OECD countries, oil products accounted
for 47% of total final energy use in 2005. Natural gas and electricity were the other major
energy commodities with shares of 20% and 22% respectively. In contrast, the use of coal
is declining and in 2005 it accounted for just 6% of total final energy use.

Oil products also have the largest share of consumption in non-OECD countries, accounting
on average for 28% of total final energy use in 2005. In many of these countries,
oil products are used not only for transport, but are important fuels in industry and
households. With a share in 2005 of 25%, use of combustible renewable energy (mostly
biomass) is also significant, particularly in India. However, the share of renewables is
slowly declining due to the increased use of other energy commodities, such as electricity.
Electricity now represents 14% of final energy use in non-OECD countries. Direct coal
use remains important in some countries (such as China) and has an overall share of
final consumption in non-OECD countries of 18%. The share of district heat is in decline,
but its use is still significant in some transition economies, such as Russia.

Non-OECD countries experienced a faster growth in CO, emissions (+39%) than OECD
countries (+15%). In the OECD the increase in CO, emissions was slightly less than
the increase in final energy use, meaning that the CO, intensity of final energy use
has fallen. However, the reverse was true in non-OECD countries, which consequently
experienced an increase in the carbon intensity of energy use (Figure 2.4).

Countries with a high share of renewable energy (e.g. India and Brazil) have a lower
carbon energy mix than the global average. On the other hand, countries with a
high share of coal use (e.g. South Africa and China) have much higher carbon
intensity. The fuels used to produce electricity and the conversion efficiency of this
production play a key role in the overall carbon intensity of the final energy mix
(see Chapter 7 on electricity generation).
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Figure 2.3 P Total Final Energy Consumption by Energy Commodity
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Figure 2.4 P Carbon Intensity of the Final Energy Mix
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A starting point for understanding the differences in the evolution and absolute levels of
final energy use amongst countries is to examine some aggregate energy indicators that
show energy use divided by a measure of activity that drives energy demand. For the
overall economy, total final energy consumption (TFC) per unit of gross domestic product
(GDP) and energy use per capita are the most commonly used aggregate indicators.

The ratio of TFC to GDP measures how much energy is needed to produce one unit of
economic output. In order to perform cross-country comparisons, a common measure
of GDP must be used. Two main approaches are used to convert GDP in national
currency to a common unit of measure: conversion at market exchange rates (MER)
and at purchasing power parity (PPP). The MER approach simply uses actual exchange
rates to convert GDP or value-added in national currencies to a common currency, such
as the United States dollar (USD). In contrast, the PPP approach defines a “"basket of
goods” (or services) and then equalises the purchasing power of various currencies
to "buy” these goods in their home countries. These special exchange rates are then
used to convert GDP or value-added to USD. In both cases the analysis presented here
uses exchange rates for the year 2000 to translate national currencies to USD.

The two approaches produce different results for the level of TFC per GDP (or
aggregate final energy intensity), which can affect how countries compare with one
another (Figure 2.5). Using GDP at PPP, aggregate final energy intensity in 2005
varies from 4.0 MJ per USD in Mexico to 10.1 MJ per USD in Russia. When using GDP
at MER, TFC per GDP varies from 3.6 MJ per USD in OECD Pacific to 39.8 MJ per USD
in Russia. Using MER, all the non-OECD countries presented in the analysis use more
energy per unit of GDP than those in the OECD. However, these differences narrow
considerably and sometimes completely disappear when calculating aggregate final
energy intensity based on GDP at PPP.

Several factors explain why these variations in energy consumption levels per
unit of economic output are so different amongst countries. Part of the difference
reflects variations in energy efficiency. However, it would be misleading to rank
energy efficiency performance according to a country's energy consumption per GDP
measured using either PPP or MER. The ratio is affected by many non-energy factors
such as climate, geography, travel distance, home size and manufacturing structure.
This highlights the need for more detailed indicators to take account of these factors
and to separate out the role of energy efficiency.

Trends in aggregate final energy intensity reveal that all countries and regions
analysed have shown a decline since 1990, with the exception of Brazil. In general,
non-OECD countries have shown a faster rate of reduction than OECD countries. In
many cases these reductions can be attributed to strong efficiency improvements
due to the introduction of modern, efficient technologies and processes. For instance,
an analysis for China (LBNL, 2006) has shown that improved energy efficiency,
particularly in industry, was one of the main factors driving down energy use per
unit of GDP during the 1990s. On the other hand, changes in the structure of the
economy can act either to increase or decrease the level of aggregate final energy
intensity. In the case of Brazil, strong increases in energy use, particularly in the
manufacturing and transport sectors between 1990 and 2005, coupled with modest
economic growth, led to a slight rise in aggregate final energy intensity.
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An alternative aggregate indicator to TFC per GDP is final energy use per capita
(Figure 2.6). This indicator measures the amount of final energy “"used" per person
in a country. In contrast to aggregate final energy intensity, this indicator shows
an increase for most countries and regions. For the OECD, energy use per capita
increased by 6% between 1990 and 2005, while the increase in non-OECD
countries was 1%. However, Russia is a significant exception, with energy use per
capita having fallen by 39% over this period. This is linked with falling wealth, as
measured by GDP per capita. Indeed, if Russia is excluded from the calculation
for non-OECD countries, then per capita energy use in the remaining countries
increased by 14% between 1990 and 2005. South Africa has also experienced a
small decrease in energy use per capita over this timeframe. China, which showed
the most significant decrease in TFC per GDP between 1990 and 2005, had the
biggest increase in energy use per capita over this period (+47%), reflecting growing

personal wealth (GDP per capita).

In terms of absolute levels, the United States and Canada are by far the largest
consumers of energy on a per person basis, at almost 200 GJ per capita. This level
is around twice that seen in other parts of the OECD. In contrast, energy use per
capita in India is only 13 GJ in 2005. On average, energy use per capita in non-OECD
countries is only 23% of the level seen in the OECD.

Chapter 2 « OVERALL TRENDS 21 /



\ 22 WORLDWIDE TRENDS IN ENERGY USE AND EFFICIENCY

Figure 2.6 P Total Final Energy Consumption per Capita
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The aggregate indicators, final energy use per GDP and final energy use per capita,
are two very different ways of looking at the link between developments in final
energy consumption and some of the most important underlying drivers. Both these
indicators can be constructed for a wide range of countries and are useful for simple
cross-country comparisons. However, neither indicator includes sufficient information
about the factors impacting energy consumption to understand fully what is
happening. More detailed end-use data are needed for each sector concerning activity
levels, structural effects and efficiency trends to develop disaggregate indicators that
can provide a more complete explanation of changes in final energy use and the
associated CO, emissions. The development of these detailed indicators has been the
main focus of the [EA energy indicators work.

Disaggregate Indicators

Comparable and disaggregated end-use information about the patterns of energy
consumption in all end-use sectors (manufacturing, households, services and transport)
is available for 16 IEA countries for the period from 1990 to 2005. This information,
coupled with economic and demographic data, can then be used to construct indicators
that identify the factors behind increasing energy use and those that restrain it.
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One of the most important issues to understand from an energy policy perspective
is to what extent improvements in energy efficiency have been responsible for the
declines in final energy intensity seen in the different IEA countries. To understand
the role of energy efficiency, it is necessary to separate the impact of changes in
sub-sectoral energy intensities (which are used as a proxy for energy efficiency) from
the effects of changes in economic structure and other factors that influence the
demand for energy. This is done using a decomposition approach that separates
and quantifies the impacts of changes in activity, structure and energy intensities on
final energy use in each sector and country (see Box 2.1). The results of the sector
decompositions are then aggregated to analyse country-wide trends.

Decomposing Changes in Energy Use

The IEA methodology for analysing energy end-use trends distinguishes between three main
components affecting energy use: activity levels, structure (the mix of activities within a sector)
and energy intensities (energy use per unit of sub-sectoral activity). Depending on the sector,
activity is measured as value-added, passenger-kilometres, tonne-kilometres or population.
Structure further divides activity into industry sub-sectors, transportation modes, or measures of
residential end-use activity. Using an appropriate measure of end-use activity, energy intensities
are then calculated for each of these sub-sectors, modes or end-use activities.

The energy intensity effect, which is used as a proxy for changes in energy efficiency, separates
out how changing energy intensities influence energy consumption for a particular sector. This
is done by calculating the relative impact on energy use that would have occurred between a
base year (usually 1990 in this publication) and a future year (usually 2005) if the aggregate
activity levels and structure for a sector remained fixed at base year values while energy
intensity followed its actual development. A similar approach is used to calculate the activity
and structure effects, which together represent the energy service effect. See IEA, 2007b for
further details.

The separation of impacts on energy use from changes in activity, structure and intensity is
critical for policy analysis. Most energy-related policies target energy intensities and efficiencies,
often by promoting new technologies. Accurately tracking changes in intensities helps measure
the effects of these new technologies.

Changes in energy consumption per GDP in each country are attributed to changes
in the ratio of energy services to GDP and to changes in energy efficiency (actually
sub-sector energy intensities) for more than 20 end-uses. The intensity effect for the
whole economy is calculated as the aggregate impact of the sectoral intensity effects.
The results of aggregate impact calculations show that the energy intensity effect and
the decoupling of energy services demand and GDP since 1990 have both contributed
to reduced energy consumption per unit of GDP in the IEA16 (Figure 2.7). However,
declining end-use intensities (the energy intensity effect) have been the most important
factor. Some 65% of the total decline in energy use per GDP for the IEA16 can be
attributed to reductions from the energy intensity effect.
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The relative contribution of changes in energy services per GDP and the intensity
effect to the overall trend varies among countries. With the exception of Italy, all
countries show that the intensity effect contributed to reducing the ratio of energy
use to GDP: for most countries, it was the dominant factor. This is particularly true in
the case of Canada, the Netherlands, Germany, New Zealand, Sweden and the United
States. In contrast, for Norway and the United Kingdom, changes in energy services
per unit of GDP were most important.

The reasons for the different trends in the intensity effect amongst countries are
complex. Canada and the United States show large intensity reductions, but had
high levels of energy use per GDP in 1990 and are now slowly converging to the IEA
average. The sharp intensity declines seen in Germany were helped by the widespread
closure of inefficient industrial plants following reunification. In the Netherlands,
the intensity improvements were driven by the household and freight transport
sectors. Countries that initially had lower energy use per GDP have generally seen
smaller declines in intensity. This is the case for Denmark and Japan. In Austria,
intensity improvements in households and passenger transport were partially offset
by increased intensity in services. A similar picture is seen for Italy, where increased
energy intensity in the service sector more than offset reductions in other sectors,
leading to a small overall increase in the energy intensity effect.

Figure 2.7 P Changes in TFC/GDP Decomposed into Changes in Energy
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Examining the three effects discussed in Box 2.1 — activity, structure and intensity —
makes it possible to analyse in more detail how the factors affecting total final energy
consumption in the IEA16 have evolved over time (Figure 2.8). In the early 1990s,
GDP growth was relatively low (2% per year) and, with the decline in the intensity
effect partly offsetting the combined impacts of activity and structure, final energy use
increased by an average of 1% per year. In the mid- to late 1990s, economic growth
accelerated. The demand for energy services also increased more rapidly. There was
some increase in the rate of energy intensity reduction during this period, but it was
not sufficient to prevent the rate of final energy demand growth rising to an average
of 1.3% per year. After 2000, economic growth and the demand for energy services
again slowed; the structure effect became negative. This slowing of underlying service
demand, coupled with a further increase in the rate of energy intensity reduction, was
sufficient to keep the growth in final energy use to below 0.5% per year.

Figure 2.8 P Factors Affecting Total Final Energy Consumption, IEA16
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Further analysis of the developments in the intensity effect at a sector level show
that, between 1990 and 2005, improvements in the manufacturing sector were
most important in restraining growth in total final energy consumption. Energy
intensity reductions in households and services were also important at different
times. In the household sector, significant improvements in space heating intensity
resulted in strong energy savings in the early 1990s. In contrast, the savings from
the service sector made an impact only in the late 1990s, during a period of high
economic growth in this sector. Intensity improvements in the transport sector
played a smaller role.

It is possible to use this decomposition approach to track the historical role of energy
efficiency in shaping final energy use patterns in IEA countries. Between 1990 and
2005, the overall improvement in energy efficiency in all end-use sectors of the

./
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economy for the [EA16 was 0.9% per year. These improvements led to energy and
CO, savings of 15% and 14% respectively in 2005. This represents an annual energy
saving of 16 EJ in 2005 and 1.3 Gt of avoided CO, emissions. It also translates
into fuel and electricity cost savings of at least USD 180 billion in 2005. However,
the efficiency gains were much lower than in previous decades; energy efficiency
improvements for a group of 11 IEA countries (IEA11) averaged 2% per year
between 1973 and 1990. Had the earlier rate of energy efficiency improvement
been sustained then there would have been no increase in energy use in the [EA since
1990. However, there are some signs that the rate of improvement may be increasing
slightly in the last few years.

Figure 2.9 shows that over the longer term, the savings from improved energy
efficiency are even more significant. Without the energy efficiency improvements that
occurred between 1973 and 2005, energy use in the IEATT would have been 58%,
or 59 EJ, higher in 2005 than it actually was. This makes energy savings the most
important “fuel” in the IEA11 for this time period — i.e. the amount of energy saved
in 2005 was slightly higher than the actual consumption of oil, or of electricity and
natural gas combined.

These findings provide an important policy conclusion: that the changes caused by
the oil price shocks in the 1970s and the resulting energy policies did considerably
more to control growth in energy demand and reduce CO, emissions than the energy
efficiency and climate policies implemented since the 1990s.

Figure 2.9 P Long-Term Energy Savings from Improvements in Energy Efficiency,
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Methodology

Full details of the decomposition methodology used to separate and quantify the
impacts of activity, structure and energy intensities on final energy use can be found
in IEA, 2007b. More detailed information on the calculation of the energy efficiency
indices for industry is contained in IEA, 2007a.

For the electricity sector, data on fuel inputs to public electricity plants and CHP
plants and electricity and heat outputs from these plants are taken from IEA statistics.
In the case of OECD countries the data are from IEA, 2007f, and for other countries
they come from IEA, 2007d. The IEA statistics provide a consistent set of data for all
countries in which:

> energy inputs for both electricity plants and CHP plants are based on net calorific
values; and

D> energy outputs are defined as gross production of electricity and heat. In the
case of electricity, this is defined as electricity production including the auxiliary
electricity consumption and losses in transformers at the power station.

The methodology used to calculate the energy efficiency of electricity production
is then based on Graus, 2007 and Phylipsen, 1998. The energy efficiency (E) of
electricity production is defined as:

E=(P+HxS9)l
Where:
P = electricity production from public electricity plants and public CHP plants;
H = heat output from public CHP plants;

s = correction factor between heat and electricity, defined as the reduction in electricity
production per unit of heat extracted;

| = fuel input for public electricity plants and public CHP plants.

In CHP plants the combined production of heat and electricity is more efficient in
terms of the use of primary energy compared to separate production of heat and
electricity. However, heat extraction causes the energy efficiency of electricity
production to decrease. The loss of efficiency depends on the temperature of the heat
extracted. To account for this, a correction for heat extraction is applied. As public
CHP is mainly used to provide district heating the appropriate substitution factor lies
somewhere between 0.15 and 0.2 (Phylipsen, 1998). In this analysis a value of 0.175
is used. It should be noted that when heat is delivered at higher temperatures (e.g.
to industrial processes), the substitution factor can be significantly higher. However,
the amount of high-temperature heat delivered to industry by public utilities is small
in most countries.
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Abbreviations

BAT
BF
BOF
BPT
cDQ
CHP
co,
COG
CRT
DRI
EAF
EEI
EJ
EUT5

G8

GDP
GJ
GPOA
Gt
IEA

kg

Best available technology
Blast furnace

Basic oxygen furnace
Best practice technology
Coke dry quenching
Combined heat and power
Carbon dioxide

Coke oven gas

Cathode ray tube

Direct reduced iron
Electric arc furnace
Energy efficiency index
Exajoules (1018 Joules)

Austria, Belgium, Denmark, Finland, France, Germany, GCreece,
Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden
and the United Kingdom

Group of Eight; member countries are Canada, France, Germany,
[taly, Japan, Russia, the United Kingdom and the United States

Gross domestic product
Gigajoules (109 Joules)
Gleneagles Plan of Action
Gigatonne (109 tonnes)

International Energy Agency; member countries are Australia,
Austria, Belgium, Canada, the Czech Republic, Denmark, Finland,
France, Germany, Greece, Hungary, Ireland, Italy, Japan, the Republic
of Korea, Luxembourg, the Netherlands, New Zealand, Norway,
Portugal, the Slovak Republic, Spain, Sweden, Switzerland, Turkey,
the United Kingdom and the United States

Kilogram (103 gram)

o
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Glossary

kWh
LCD
MER
Mt
OECD

OECD Europe

OECD Pacific
OHF

PPP

RoW

SUv

t

TFC

UEC
usb

Kilowatt-hour

Liquid crystal display
Market exchange rate
Million tonnes (106 tonnes)

Organisation for Economic Co-operation and Development; member
countries are Australia, Austria, Belgium, Canada, the Czech
Republic, Denmark, Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, Italy, Japan, the Republic of Korea, Luxembourg,
Mexico, the Netherlands, New Zealand, Norway, Poland, Portugal,
the Slovak Republic, Spain, Sweden, Switzerland, Turkey, the United
Kingdom and the United States

Austria, Belgium, the Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, the
Netherlands, Norway, Poland, Portugal, the Slovak Republic, Spain,
Sweden, Switzerland, Turkey and the United Kingdom

Australia, Japan, the Republic of Korea, New Zealand
Open hearth furnace

Purchasing power parity

Rest of the world

Sport utility vehicle

Tonne

Total final consumption

Terawatt-hour (1012 watt-hour)

Unit energy consumption

United States dollar

Activity refers to the basic human or economic actions that drive energy use in a
particular sector. It is measured as value-added output for manufacturing and services,
as population levels in the household sector, as passenger-kilometres for passenger
transport and as tonne-kilometres for freight transport.

Basic oxygen furnace is a process where liquid hot iron metal is converted into steel,
using oxygen injection.
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Best available technology is taken to mean the latest stage of development
(state-of-the-art) of processes, of facilities or of methods of operation which include
considerations regarding the practical suitability of a particular measure for enhancing
energy efficiency.

Biomass includes solid biomass such as wood, animal products, gas and liquids
derived from biomass, industrial waste and municipal waste.

Black liquor is a recycled by-product formed during the chemical pulping of wood
in the pulp and paper industry. In this process, lignin in the wood is separated from
cellulose, with the latter forming the paper fibres. Black liquor is the combination of
the lignin residue with water and the chemicals used for the extraction of the lignin
and are burned in a recovery boiler. The boiler produces steam and electricity and
recovers the inorganic chemicals for recycling throughout the process.

Blast furnace is a type of metallurgical furnace used for smelting. Fuel and ore are
continuously supplied through the top of the furnace, while air (oxygen) is blown into
the bottom of the chamber, so that the chemical reactions take place throughout
the furnace as the material moves downward. The end products are usually molten
metal and slag phases tapped from the bottom, and flue gases exiting from the top
of the furnace. This type of furnace is typically used for smelting iron ore to produce
hot metal (pig iron), an intermediate material used in the production of commercial
iron and steel.

Blast furnace gas is produced in blast furnaces in the iron and steel industry. It is
recovered and used as a fuel partly within the plant and partly in other steel industry
process or in power stations equipped to burn it.

Car refers collectively to all light-duty vehicles including cars, mini-vans, sport utility
vehicles (SUVs) and personal-use pick-up trucks.

Carbon intensity is the amount of CO, emitted per unit of energy use.

Chemical pulp is a thermo-chemical process in which chips are combined with strong
solvents and heated under pressure to separate fibres from lignin. Spent liquor (black
liquor) can be concentrated and burned for process heat.

Clinker is the partially fused product of a kiln which is ground to make cement.

Coal includes hard coal, lignite/brown coal and derived fuels (including patent fuel,
coke oven coke, gas coke, BKB, coke oven gas and blast furnace gas). Peat is also
included in this category.

Coke oven is a pyrolysis process for conversion of coal into coke.
Coke oven gas is a gaseous by-product of coke making.

Combined heat and power, also called cogeneration, is a technology where
electricity and steam or electricity and hot water are produced jointly. This increases
the efficiency compared to separate electricity and heat generation.

Decomposition is the analytical approach used to calculate the effects of various
components (activity, structure and energy intensities) on aggregate energy use.

o/
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Direct reduced iron is a product made through chemical reduction of iron ore pellets in their
solid state.

District heat is heat distributed from a central heating plant to buildings, factories, etc.
Dry kiln produces cement clinker using dry limestone feedstock.

Electric arc furnace is a furnace used for smelting of iron scrap and other metals using
electricity.

Energy intensity is the amount of energy used per unit of activity. This publication uses changes
in the energy intensity effect as a proxy for developments in energy efficiency.

Energy services imply the actual services for which energy is used, e.g. heating a given amount
of space to a particular temperature for a period of time. In this study, a quantitative measure
of energy service demand in a sector is determined by combining the activity and structure
effects.

Final energy is the energy supplied to the consumer in each end-use sector, which is ultimately
converted into heat, light, motion and other energy services. It does not include transformation
and distribution losses.

Freight transportation includes the domestic haulage of goods by trucks, rail, ships and barges.
In this study it does not include air freight transport and pipelines.

Fuel mix represents the share of various fuels such as coal, oil, natural gas, heat and electricity
that make up final energy use.

Gasoline equivalent litre is a concept used to compare the energy content of gasoline and
other road transport fuels (e.g. diesel) which have different calorific values than gasoline. In
order to properly aggregate physical quantities of different fuels they are expressed in quantities
energetically equivalent to a litre of gasoline.

Gross domestic product (GDP) is a measure of economic activity, defined as the market value
of all final goods and services produced within a country (output approach). In this publication,
GDP figures are given for calendar years, expressed in 2000 USD. The conversion from national
currency to USD is done using either purchasing power parities or market exchange rates.

Households cover all energy-using activities in apartments and houses, including space and water
heating, cooking, lighting and the use of appliances. It does not include personal transport.

Industry covers manufacturing, mining and quarrying of raw materials and construction. Power
generation, refineries and the distribution of electricity, gas and water are excluded.

Manufacturing covers finished goods and products for use by other businesses, for sale to
domestic consumers, or for export. Total manufacturing is divided into the following key
industries: food, beverages and tobacco; paper, pulp and printing; chemicals; non-metallic
minerals; primary metals; metal products and equipment; and other manufacturing. The fuel-
processing industries and fuels used as feedstock are not included.

Natural gas includes gas works gas but excludes natural gas liquids.

Naphthais a feedstock destined either for the petrochemical industry, e.g. ethylene manufacture
or aromatics production, or for gasoline production by reforming or isomerisation within the
refinery.
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Mechanical pulp is a process requiring the grinding and shaving of wood chips.
Primarily used for low-grade papers, mechanical pulping has a high yield but results
in a pulp that contains substantial impurities that limit its use.

Qil comprises crude oil, natural gas liquids and petroleum products, such as heavy
fuel oil, gas/diesel oil, liquefied petroleum gas, motor gasoline and kerosene.

Other fuels include geothermal and solar. The “Other” category is very small in the
end-use sector.

Passenger-kilometres are a measure of transport activity and are calculated by
multiplying the number of kilometres a vehicle travels by the number of passengers.
For example, if a vehicle carries two passengers for one kilometre then it has travelled
two passenger-kilometres (but only one vehicle-kilometre).

Passenger transport includes the movement of people by road, rail, sea and air. Road
transport is sub-divided further into cars and buses. In this study, only domestic air
and sea travel are included; international air and sea travel are not covered.

Powergeneration refersto electricity production in electricity only plants and combined
heat and power plants. Only public plants are included in this publication.

Primary energy equivalent is an energy measure that accounts for losses in the
production of final energy carriers (e.g. losses in electricity production).

Renewables comprise biomass and animal products (wood, vegetal waste, ethanol,
animal materials/wastes, etc.), municipal waste and industrial waste.

Savings refer to the difference between the hypothetical energy use (or hypothetical
CO, emissions) and actual energy use (or actual CO, emissions).

Services include activities related to trade, finance, real estate, public administration,
health, food and lodging, education and commercial services.

Shaft kiln is a vertical kiln for cement making.

Structure represents the mix of activities within a sector, e.g. shares of each sub-sector
in manufacturing, energy end-uses in households, or the modal mix in passenger and
freight transport.

Steam cracking is a petrochemical process in which saturated hydrocarbons are
broken down into smaller hydrocarbons. It is the principal industrial method for
producing the olefins (ethylene, propylene, and butadiene).

Tonne-kilometres are a measure of freight transport activity. For example, if a
truck carries a load of two tonnes for one kilometre then it has travelled two tonne-
kilometres (but only one vehicle-kilometre).

Useful energy is calculated as final energy minus losses estimated for boilers,
furnaces, water heaters and other equipment in buildings. It is used for estimates of
heat provided in space and water heating.

o)
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