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Summary

The purpose of this study is to compare the energy efficiency of fossil-fired power
generation for Australia, China, France, Germany, India, Japan, Nordic countries
(Denmark, Finland, Sweden and Norway aggregated), South Korea, United King-
dom and Ireland, and United States. This is done by calculating separate benchmark
indicators for the energy efficiency of gas-, oil- and coal-fired power generation.
These indicators are aggregated to an overall benchmark for fossil-fired power gen-
eration. The benchmark indicators are based on deviations from average energy ef-
ficiencies.

Figure 1 shows the benchmark for the energy-efficiency of fossil-fired power gen-
eration. Countries with benchmark indicators above 100% perform better than av-
erage and countries below 100% perform worse than the average.
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Figure 1 Benchmark for energy-efficiency of fossil-fired power production

As can be seen in Figure 1, France, Japan and United Kingdom and Ireland perform
best in terms of fossil-fired generating efficiency and are respectively 8% above
average in 2004. The Nordic countries, South Korea and Germany are 6%, 4% and
4% above average efficiency, respectively. The United States and Australia are 1%
and 5% below average and India and China perform 15% and 19% below average
in 2004.
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1 Introduction

This study is an update of the analysis “Comparison of efficiency fossil power gen-
eration” (Graus and Worrell, 2006).

This analysis aims to compare the fossil-fired power generation efficiency (coal, oil
and gas) for Australia, China', France, Germany, India, Japan, Nordic countries
(Denmark, Finland, Sweden and Norway aggregated), South Korea, United King-
dom and Ireland, and United States. This selection of countries and regions is based
on discussions with the client. United Kingdom and Ireland, and the Nordic coun-
tries are aggregated, because of the interconnection between their electricity grids.
Although all electricity grids in Europe are interconnected, there are a number of
markets that operate fairly independent. These are the Nordic market (Denmark,
Finland, Sweden and Norway), the Iberian market (Spain and Portugal), Centrel
(Eastern European countries) and United Kingdom and Ireland.

The analysis is based on the methodologies described in Phylipsen et al (1998) and
applied in Phylipsen et al (2003). Only public power plants are taken into account,
including public CHP plants. For the latter a correction for heat extraction has been
applied.

The methodology for this study is described in Chapter 2. Chapter 3 gives an over-
view of the efficiency of fossil-fired power generation by fuel source. Chapter 4
gives the conclusions.

! Including Hong Kong
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2 Methodology

This chapter discusses the methodology used to derive the energy efficiency indica-
tors as well as the input data used to determine the indicators.

2.1 Input data

This analysis is based on data from IEA Energy Balances edition 2006 for non-

OECD countries and Energy Balances edition 2007 for OECD countries. The ad-

vantage of using IEA Energy Balances is its consistency on a number of points:

e Energy inputs for power plants are based on net calorific value (NCV)>

¢ The output of the electricity plants is measured as gross production of electricity
and heat. This is defined as the “electricity production including the auxiliary
electricity consumption and losses in transformers at the power station”.

e A distinction is made for electricity production from industrial (decentralised)
power plants and public power plants and public combined heat and power
(CHP) plants.

In this study we take into account public power plants and public CHP plants’. We
distinguish three types of fossil fuel sources: (1) coal and coal products, (2) crude
oil and petroleum products and (3) natural gas. For definitions of these types see
Appendix IV. We will refer to these fuel sources as coal, oil and gas, respectively.

As a check, IEA statistics are compared to available national statistics. The results
of this are given in Appendix L. In some cases energy efficiencies based on IEA are
replaced by energy efficiencies calculated from national statistics. This is done
when the efficiencies based on national statistics seem more reliable. Information
about the statistics that are used for the analysis can be found in Appendix 1.

A number of changes in the historic time series are present when comparision IEA
Energy Balances edition 2007 for OECD countries and edition 2006 for non-OECD
countries to the Energy Balances edition 2005, that is used in the previous analysis.
Appendix III gives an overview of these changes.

2 The Net Calorific Value (NCV) or Lower Heating Value (LHV) refers to the quantity of heat
liberated by the complete combustion of a unit of fuel when the water produced is as-
sumed to remain as a vapour and the heat is not recovered.

3 In the terminology of IEA Energy Balances 2005 and following editions this is referred to
as main power producers.
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2.2 Energy efficiency of power generation

The formula for calculating the energy efficiency of power generation is:
E=® +H*s)/L

Where:

e E = Energy efficiency of power generation

e P = Power production from public power plants and public CHP plants

. = Heat output from public CHP plants

e s=  Correction factor between heat and electricity, defined as the reduction in

electricity production per unit of heat extracted
e I= Fuel input for public power plants and public CHP plants

Heat extraction causes the energy efficiency of electricity generation to decrease
although the overall efficiency for heat and electricity production is higher than
when the two are generated separately. Therefore, a correction for heat extraction is
applied. This correction reflects the amount of electricity production lost per unit of
heat extracted from the electricity plant(s). For district heating systems, the substi-
tution factors vary between 0.15 and 0.2. In our analysis we have used a value of
0.175. It must be noted that when heat is delivered at higher temperatures (e.g. to
industrial processes), the substitution factor can be higher. However, at the mo-
ment, the amount of high-temperature heat delivered to industry by public utilities
is small in most countries. We estimate that the effect on the average efficiency is
not more than an increase of 0.5 percent point*.

No corrections are applied for air temperature and cooling method. The efficiency
of power plants is influenced by the temperature of the air or cooling water. In gen-
eral surface water-cooling leads to a somewhat higher plant efficiency than the use
of cooling towers. The cooling methods that can be applied depend on local cir-
cumstances, like the availability of abundant surface water and existing regulations.
The effect of cooling method on efficiency may be up to 1-2 percent point. Fur-
thermore the efficiency of the power plant is affected by the temperature of the
cooling medium. The sensitivity to temperature can be in the order of 0.1-0.2 per-
cent point per degree. [Phylipsen et al, 1998]

In order to determine the efficiency for power production for a region, we calculate
the weighted average efficiency of the countries included in the region.

* A change of 1 percent point in efficiency here means a change of e.g. 40% to 41%.
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2.3 Benchmark for fossil generation efficiency

In this analysis we compare the efficiency of fossil-fired power generation across
countries and regions. The simple aggregation of coal-, oil- and gas-fired power
generation efficiency into one single fossil-fired generation efficiency is not a fair
way to compare between countries, as countries with a relatively large share of
coal-fired capacity will automatically be disadvantaged. The reason for this is that
(technically) the efficiency of gas-fired capacity is generally higher than the effi-
ciency of coal-fired capacity’. Therefore we determine separate indicators for gas-,
oil- and coal-fired generation efficiencies and aggregate those to a benchmark for
fossil-fired generation efficiency, by weighing the indicators by electricity produc-
tion.

Several possible indicators exist for benchmarking energy-efficiency of power gen-
eration. One possible indicator is the comparison of individual countries’ efficien-
cies to a predefined best practice efficiency. The difficulty in this method is the
definition of best practice efficiency. Best practice efficiency could e.g. be based
on:

e the best performing country in the world or in a region

e the best performing plant in the world or in a region

e the best practical efficiency possible, by best available technology (BAT).

The best practice efficiency differs yearly, which means that back-casting is re-
quired to determine best practice efficiencies for historic years.

A different method for benchmarking energy-efficiency is the comparison of coun-
tries’ efficiencies against average efficiencies. An advantage of this method is the
visibility of a countries’ performance against average efficiency. In this study we
choose to use this indicator. We compare the efficiency of countries and regions to
the average efficiency of the selected countries. The average efficiency is calcu-
lated per fuel source and per year and can be either weighted or non-weighted. In
the first case the weighted-average efficiency represents the overall energy effi-
ciency of the included countries. A disadvantage of this method is that countries
with a large installed generating capacity heavily influence the average efficiency
while small countries have hardly any influence at all on the average efficiency. On
the other hand, when applying non-weighted benchmark indicators, one efficient
power plant in a country could influence the average efficiency if absolute power
generation in the country is small. In this research we included both methods, to see
if this leads to different results.

® A large share of gas-fired power generation is based on combustion in gas turbines. Be-
cause gas turbines are able to operate at higher temperatures than steam turbines (mostly
used in large-scale coal plants) the efficiency is higher.
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The formula for the non-weighted average efficiency for coal (BC)) is given below
as an example. The formulas for oil and gas are similar.

BC, =X EC;/n

Where:

BC;: Benchmark efficiency coal (1). This is the average efficiency of coal-fired
power generation for the selected countries.

EC;: Efficiency coal for country or regioni (i = 1,...n)

n: The number of countries and regions

The formula for the weighted average efficiency for coal (BC,) is given below as
an example:

BC, =2 (PC; + HC; *s)/ 2. IC;
Where:

BC;,: Benchmark efficiency coal (2). This is the weighted average efficiency of
coal-fired power generation for the selected countries.

PC;: Coal-fired power production for country or regioni (i = 1,...n)
HC; Heat output for country or region i (i = 1,...n)
s Correction factor between heat and electricity, defined as the reduction in

electricity production per unit of heat extracted
IG Fuel input for coal-fired power plants for country or regioni (i = 1,...n)

To determine the performance of a country relative to the benchmark efficiency we
divide the efficiency of a country for a certain year by the benchmark efficiency in
the same year. The formula of the indicator for the efficiency of coal-fired power is
given below as an example:

ICi = ECl / BC[ or ICl = ECI / BC2
Where:
(O Benchmark indicator of the energy-efficiency of coal-fired power genera-

tion for country or region i

Countries that perform better than average for a certain year show numbers above
100% and vice versa.

To come to an overall comparison for fossil-fired power efficiency we calculate the
output-weighted average of the three indicators, as is shown in the formula below:
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IF; = (ICI * PCI + IGI * PGI + IOI * POI) / (PCI + PGI + POI)

Where:

IF, IC,, IG; and 1O; = Benchmark indicator for the energy-efficiency of fos-
sil-fired, coal-fired, gas-fired and oil-fired power gen-
eration for country or region i

PC,, PG; and PO, = Coal-fired, gas-fired and oil-fired power production

for country or region i
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3 Efficiency power generation

The data presented in this chapter are based on the methodology as specified in
Chapter 2.

This chapter is structured as follows:

e Section 3.1 shows the fuel mix for electricity generation for the selected
countries or regions and the absolute amount of power generation by fuel
source.

e Section 3.2 gives energy efficiencies for coal,- gas- and oil-fired power
production, including a simple aggregation of fossil-fired power efficiency.

e Section 3.3 and 3.4 provide results of the benchmark analysis. In these two
sections benchmark indicators for fossil-fired power efficiency are given,
based on non-weighted and weighted average efficiencies, respectively.

The underlying data for the figures in this chapter can be found in Appendix I and
in Appendix II. Appendix I shows energy efficiency data and Appendix II gives in-
put data for the analysis in terms of power generation, fuel input and heat output
and the resulting benchmark efficiencies.

12 AUGUST 2007 INTERNATIONAL COMPARISON FOSSIL POWER EFFICIENCY



ECOFYS

3.1 Power generation by fossil-fuel sources

3.1.1 Fuel mix for total public power generation

Figure 2 and Figure 3 show the fuel mix for public electricity production in 2004
based on electricity output.
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Figure 3 Relative public power generation by source in 2004
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The share of fossil fuels in the overall fuel mix for electricity generation is in gen-
eral more than 60%. Two exceptions are France, which has a large share of nuclear
power (80%), and the Nordic countries, which use a lot of hydropower (50%) in
2004.

From the fossil fuels, coal is most frequently used in all countries, except for Japan
and the United Kingdom and Ireland, for which the share of coal and natural gas
are almost equal. The share of oil-fired power generation is limited; only Japan and
the United States have larger amounts, in absolute sense. Australia, China and India
show a very high share of coal in their overall fuel mix for power generation; more
than 70%.

3.1.2 Fossil power generation

Figure 4, Figure 5, Figure 6 and Figure 7 show the amount of coal-, gas-, oil- and
total fossil-fired power generation respectively in the period 1990-2004, from pub-
lic power plants and public CHP plants together.
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Figure 4 Coal-fired power generation
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Figure 5 Gas-fired power generation
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16 AUGUST 2007 INTERNATIONAL COMPARISON FOSSIL POWER EFFICIENCY



ECOFYS

3.2 Efficiency of coal-, gas- and oil-fired power
generation

Figure 8, Figure 9 and Figure 10 show the efficiency trend for coal-, gas- and oil-
fired power production, respectively, for the period 1990-2004. Figure 11 shows
the energy efficiency of fossil-fired power generation by the weighted-average effi-
ciency of gas-, oil- and coal-fired power generation.
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Figure 8 Efficiency of coal-fired power production

The energy efficiencies for coal-fired power generation range from 30% for China
to 42% for Japan in 2004. The average efficiency of the countries is 37% and the
weighted average efficiency is 34% in 2004.
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For gas-fired power generation the efficiencies range from 40% for Australia to
51% for UK and Ireland in 2004. The average efficiency for gas is 46% and the
weighted average efficiency is 45% in 2004.
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Figure 10 Efficiency of oil-fired power production
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For oil-fired power generation the efficiencies range from 34% for China to 46%
for Japan in 2004. The average efficiency for oil is 38% and the weighted average
efficiency is 38% in 2004.
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Figure 11 Weighted average efficiency of fossil-fired power production

For overall fossil-fired power generation, the efficiencies range from 30% for
China to 44% for United Kingdom and Ireland in 2004.

Below is a discussion of the results organised by country.

Australia

Total fossil-fired power generation in Australia is 210 TWh in 2004, of which 90%
is generated from coal.

The energy-efficiency for coal-fired power generation is fairly constant in the pe-
riod 1990-2004, at 35%.

The energy-efficiency of gas-fired power generation shows a strong peak in 2000
of 52%, possibly due to data unreliability. The energy-efficiency in 2004 is 40%.
Gas-fired power generation is 20 TWh in 2004.

Oil-fired power generation in Australia is very low, only 1 TWh in 2004.

China

China is the second largest fossil-fired power generator and generates 1800 TWh in
2004, of which 96% is generated by coal.

The energy efficiency of coal-fired power generation is around 30%. Coal-based
electricity production increases strongly from 900 TWh in 1998 to 1700 TWh in
2004.



ECOFYS

Figure 9 shows an substantial increase of efficiency of gas-fired power generation
for China from 35% in the period 1990-1995 to 45% in 2004. Gas-fired power gen-
eration increased from 3 TWh in 1995 to 20 TWh in 2004. In 1996 the first units of
a 2,500 MW Combined Cycle Gas Turbine (CCGT) power plant came online in
Hong Kong, all units of the plant were completed in 2004 (Power Technology,
2004).

Oil-fired power generation is 56 TWh in 2004. The energy-efficiency of oil-fired
power generation is constant in the period 1990-2004, at 34%.

France

Fossil-fired power generation in France is fairly small, only 40 TWh in 2004. This
is for 60% generated by coal.

The energy-efficiency for coal-fired power plants in France ranges from 35% to
40%. Coal-fired power generation in France shows strong fluctuations year by year
ranging from 15 to 31 TWh, and may depend on power production by hydro and
nuclear plants (in France electricity demand peaks in winter due to electric heating,
and fossil power generation is used to absorb the peak in demand). This means that
the capacity factor of coal-fired power plants can vary strongly which generally re-
duces energy efficiency. Based on Platts (2006) the operational capacity for coal-
fired power plants is 8200 MW in 2004.

Gas-fired power generation increased rapidly from 0.2 TWh in 1990 to 11 TWh in
2004.° The energy-efficiency changes from 41% in 1990 to 48% in 2004. Based on
Platts (2006), the operational capacity for public gas-fired power generation in-
creases from practically zero in 1990 to roughly 2000 MW in 2005. The largest
share of the capacity went into operation after 1998. Of the capacity approximately
55% is CHP.

Germany

Fossil-fired power generation in Germany is 335 TWh in 2004, of which 85% is
produced from coal.

After the reunification of West and East Germany several lignite power plants were
closed. This led to a higher efficiency of coal-fired power generation, from 34% in
1990 to 38% in 2004. The IEA statistics show a 7% lower share of lignite-based
power production in 1990 than in the year before. In the period 1990 to 2000, the
production of lignite-based electricity decreased by 14%. Hard coal-based power
production increased by 25% between 1989 and 2000.

In the mid-'90s the natural gas market was liberalised in Germany, leading to more
competition and lower gas prices. This resulted in more gas use and a large increase
of CHP capacity. This has resulted in a strong increase of efficiency of gas-based

6 Based on IEA Energy Balances edition 2005, gas-fired power generation by public power
plants in 2003 is zero. In edition 2007 however, historic figures have been adapted and
gas-fired power generation in 2003 is 10 TWh, mainly generated in public CHP plants.
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power generation from 29% in 1994 to 47% in 2004, as shown in Figure 9. Gas-
fired power generation increased from 22 TWh in 1994 to 47 TWh in 2004.
Oil-fired power generation in Germany is very small, only 4 TWh in 2004.

India
Fossil-fired power generation in India is 490 TWh in 2004, of which 86% is pro-
duced from coal. Total coal-fired capacity in India, excluding auto-producers, is 62
GW in 2002 (TERI, 2004).
The energy efficiency for coal-fired power generation is low, 30%. Some reasons
for this may be (IEA, 2004b):

e The coal is unwashed.

¢ Indian coal has a high ash content of 30% to 55%.

e (oal-fired capacity is used for peak load power generation as well as base

load power generation.

The energy efficiency for gas-fired power generation increased from 23% in 1990
to 41% in 2004’. Gas-fired capacity in India is about 11 GW in 2002 (TERI, 2004).
Gas-fired power plants in India are fairly new and are built in the last 15 years.
Gas-fired power generation increased from 1990 to 2004 from 8 TWh to 48 TWh.
Many gas-fired power plants in India use CCGT technology (IEA, 2004b).
Oil-fired power generation is 22 TWh in India, which is generated at 34% effi-
ciency in 2004 .

Japan
Japan is the third largest fossil-fired power producer with 562 TWh in 2004. Of this
amount, 44% is generated by coal, 42% by gas and 14% by oil.
Figure 4 shows an increase of coal-fired power generation in Japan from 94 TWh in
1990 to 246 TWh in 2004. The energy efficiency increases in this period from 39%
in 1990 to 42% in 2004.
Figure 9 shows an increase of gas-fired generating efficiency in Japan from 43% in
1990 to 45% in 2004. Gas-based electricity generation increased in this period from
164 TWh to 236 TWh, as shown in Figure 5. This is a relatively low efficiency for
gas-fired capacity for Japan. It can be explained by the type of technologies used.
Out of a total natural gas capacity in 2000 of 56 GW, 20 GW uses CCGT. The re-
maining 35 GW capacity is based on conventional steam turbines. Of the latter, 12
GW is dual fuel turbines which use both gas and oil as fuel input. [IEA, 2004a]
The Japanese Central Research Institute of the Electric Power Industry (CRIEPI)
mentions the followings reason for the large share of conventional steam turbines
in gas-fired power plants in Japan:
e Japanese general electric utilities started to implement gas-fired power
plants ahead of time in response to the oil crises of the 1970s. In those
times gas turbines were not implemented yet on a large scale. As a result,

7 Based on IEA Energy Balances edition 2005, the energy-efficiency of India for gas was
52%. In edition 2006 however, the power generation by gas-fired power generation in
historic years has been reduced, leading to a lower energy-efficiency for India.
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utilities implemented conventional steam turbines based on active electric-
ity demand, as they remain now. In the 1990s however, utilities imple-
mented combined cycle power plants. Furthermore, utilities will imple-
ment More Advanced Combined Cycle (MACC) with 59% (LHV) thermal
efficiency, among the world’s highest. The first MACC has begun its
commercial operation in June 2007.

Oil-fired power generation in Japan decreases from 207 TWh in 1990 to 80 TWh

in 2004. The energy—efficiency increases in this period from 43% to 46%.

Nordic countries

Total fossil-fired power generation in the Nordic countries is 66 TWh in 2004.
Sweden and Norway both have limited fossil power capacity, and generate together
only 4 TWh in 2004.

Coal-fired power generation in Finland and Denmark was respectively 22 and 19
TWh in 2004. The energy efficiency for coal-fired power generation of Nordic
countries increases from 40% to 42% in the period 1990-2004.

Gas-fired power generation in Finland and Denmark is 10 and 8 TWh, respectively
in 2004. The energy efficiency of gas-fired power generation is 47% in 2004 for the
Nordic countries. The relatively low efficiency in the year 1997 of 41%, may be
explained by a lower capacity factor for gas, resulting from an increased output
from hydropower plants. Hydropower-based generation in Norway and Sweden
was 25 TWh higher in 1997 than in 1996. Gas-fired power production in Finland
was 20% less in 1997.

Oil-fired power generation is very small, only 1.4 TWh in Denmark and 0.8 TWh
in Sweden in 2004.

South Korea

Total fossil-fired power generation in South Korea is 202 TWh in 2004, of which
127 TWh is generated by coal, 56 TWh by gas and 19 TWh by oil.

The energy-efficiency for coal-fired power generation increases strongly from 26%
in 1990 to 37% in 2004. Coal-fired power generation increases tenfold in this pe-
riod from 12 to 127 TWh.

The energy-efficiency of gas-fired power generation increases from 40% to 50% in
the period 1990-2004. Gas-fired power generation increases in this period from 10
to 56 TWh.

The energy-efficiency of oil-fired power generation is around 40%.

United Kingdom and Ireland

Total fossil-fired power generation in the United Kingdom and Ireland is 287 TWh
in 2004, of which 135 TWh is generated from coal, 146 TWh from gas and 5 TWh
from oil.

22 AUGUST 2007 INTERNATIONAL COMPARISON FOSSIL POWER EFFICIENCY
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Due to the liberalisation of the electricity market in the early '90s several less effi-
cient coal-fired power plants were closed in the UK, leading to a higher average ef-
ficiency of coal-fired power plants. In the following years (1996/1997), lower pro-
duction of coal-based electricity was achieved by reducing the load factor of coal-
fired power plants, resulting in a decrease of the average efficiency of coal-fired
power plants. The energy-efficiency for coal-fired power plants in UK + Ireland is
38% in 2004.

As gas prices decreased, gas-fired power generation capacity increased signifi-
cantly from 1992 onwards. The large addition of new capacity has resulted in a
strong increase of the average efficiency of gas-fired power plants, from 40% in
1990 to 51% in 2004. Gas-fired power generation increased from 4 TWh in 1990 to
146 TWh in 2004.

Oil-fired power generation is very low, only 5 TWh in 2004 and is generated at an
efficiency of 33%.

United States

The United States is the largest fossil-fired power generator and generates 2835
TWh in 2004, of which 73% is generated by coal.

The energy-efficiency of coal-fired power generation remains fairly constant in the
period 1990-2004, and is around 36%.

The energy-efficiency of gas-fired power generation increases from 37% in 1990 to
44% in 2004. Electricity generation by gas-fired power plants increases strongly in
this period from 283 TWh to 645 TWh.

Oil-fired power generation is 122 TWh in 2004 and is generated at an efficiency of
36%.
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3.3 Benchmark based on non-weighted average
efficiency

Table 1 shows the average efficiencies for all countries and regions considered in

this study. Because these efficiencies are not weighted, they do not represent the

total overall energy efficiency of power production in the included countries.

Table 1 Average efficiencies of all countries and regions considered (%)

Average 1990 | 1991 (19921993 [ 1994 (1995]1996 | 1997 [ 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
efficiency

Coal 34.8 134.9[352]355[36.2|36.1]36.0]35.6]36.2]36436.6]|36.7]36.8]37.0]36.6
Gas 37.4 |37.7(37.138.7[39.1 |41.1]40.6[41.0|42.3]43.3[455]45.0[43.8]45.1]45.8
Oil 36.1 [36.2]36.4]36.3]36.0[354]36.036.1[35.3]36.2]35.6[35.9]38.1]38.0]38.3

Figure 12, Figure 13 and Figure 14 show the deviation of the energy-efficiencies of
the countries from the yearly average efficiency, in terms of percentage, for coal-,
gas- and oil-fired power production, respectively.

Note that a decrease of the benchmark indicator for a country might mean that the
efficiency of the country has decreased or that the average efficiency has increased.
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Figure 12 Coal-fired power efficiency relative to average efficiency

24 AUGUST 2007 INTERNATIONAL COMPARISON FOSSIL POWER EFFICIENCY



ECOFYS

130%

120% /\

%
\

110%
X —&— Australia
. ~ ‘ 7 —#— China
S 1000 | TN X | e
: V N Sy [ s
% / —* |—=¥—India
E —e— Japan
2 A\ —+— Korea
90% - R » —— . N
T v W —=— Nordic countries
—=— UK + Ireland
\\ —&— United States
80% \/ v
70% A
60% T T T T T T T T

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Figure 13 Gas-fired power efficiency relative to average efficiency

130%
120%
g
=3
=]
0
110%
—&— Australia
—=— China
2 100% —— France
E —%— Germany
H ¥ |—%— India
E —e— Japan
= 90% —— Kore§ )
—=— Nordic countries
—— UK + Ireland
—— United States
5 so%
€
o
S
9
70%
60% T T T T T T T T

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Figure 14 Oil-fired power efficiency relative to average efficiency



ECOFYS

3.3.1 Benchmark fossil power efficiency (1)

Figure 15 shows the benchmark indicator for the energy efficiency of fossil-fired
power production.
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Figure 15 Benchmark for energy-efficiency of fossil-fired power produc-

tion (based on non-weighted average efficiencies)

As can be seen in Figure 15, France, Japan and United Kingdom and Ireland per-
form best in terms of fossil-fired generating efficiency and are respectively 8%
above average in 2004. The Nordic countries, South Korea and Germany are 6%,
4% and 4% above average efficiency, respectively. The United States and Australia
are 1% and 5% below average and India and China perform 15% and 19% below
average in 2004.

The benchmark indicator for Australia decreases from 100% in 1990 to 95% in
2004. This is mainly a result of a fairly constant efficiency for coal-fired power
generation while the benchmark efficiency for coal increases from 35% in 1990 to
37% in 2004.

The benchmark indicator for China shows a decrease from 89% in 1990 to 82% in
2004. The efficiency for coal-fired power generation decreases in this period from
31% in 1990 to 30% in 2004, while as mentioned the benchmark efficiency for coal
increases.
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France shows a decrease of the benchmark indicators for coal and gas, as can be
seen in Figure 12 and Figure 13. This is reflected in the indicator for fossil-fired
power efficiency, which decreases in the period 1990-2004 from 112% to 108%.
The energy efficiency of fossil-fired power generation increases from 39%-42% in
this period.

Germany shows an increase of the benchmark indicator from 96% in 1994 to
104% in 2004. This is mainly caused by an increase of the energy-efficiency of
coal-fired power generation from 34% in 1994 to 38% in 2004. In 2002 the bench-
mark indicator equals 97%. This low value is a result of a lower efficiency for coal-
fired power generation of 36% in 2002.

The trend for India shows a decrease from 88% in 1990 to 81% in 1996, after
which there is an increase to 85% in 2004. This drop is caused by a lower coal-fired
power efficiency in 1996 of 28% in comparison to 30%.

For Japan the benchmark indicator decreases from 117% in 1990 to 108% in 2004.
This is mainly caused by an increase of the average efficiency for gas-fired power
production from 37% to 46%, while the Japanese efficiency for gas-fired capacity
increases only from 43% to 45% in this period.

The trend for South Korea shows an increase from 97% in 1990 to 104% in 2004.
This is mainly cased by an increase of coal-fired power efficiency from 26% in
1990 to 37% in 2004 and an increase of gas-fired power efficiency from 41% in
1990 to 50% in 2004.

For the Nordic countries, the benchmark indicator decreases from 114% in 1990 to
106% in 2004, mainly caused by a relatively lower increase of the efficiencies of
coal, oil and gas, in comparison to the benchmark efficiencies.

In the United States the energy efficiency for coal-fired power generation remains
constant at 36%, while the benchmark efficiency increases from 35% in 1990 to
37% in 2004. This leads to a decreasing benchmark indicator from 103% in 1990 to
99% in 2004.

The benchmark indicator for the United Kingdom and Ireland remains fairly con-
stant and fluctuates around 108%.
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3.4 Benchmark based on weighted average effi-
ciency

Table 2 shows the weighted average efficiencies for all countries and regions con-

sidered in this study.

Table 2 Weighted average efficiencies of all countries and regions

considered

Zzz.ilg:d 1990 | 1991 (1992|1993 [ 1994 (1995]1996 | 1997 [ 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
efficiency

Coal 34.8 1349 (349 [34.8 |34.9 [34.6 [34.7 |34.3 [34.4 [34.9 |35.0 |34.6 [34.3 |34.6 |33.8
Gas 38.2 |38.6 [38.7 [39.2 |39.8 [40.3 [40.7 |41.2 [41.2 [42.0 |42.4 |42.8 [43.4 |44.5 |45.4
Oil 38.8 [38.7 |39.1 [38.5 |39.2 |38.7 [39.0 [38.5 |37.6 [37.8 |37.9 [38.0 [38.7 |38.4 [37.8

Figure 16, Figure 17 and Figure 18 show the deviation of the energy-efficiencies
for respectively coal-, gas- and oil-fired power production from the yearly weighted
average efficiency, in terms of percentage.

Note that a decrease of the benchmark indicator for a country might mean that the
efficiency of the country has decreased or that the weighted average efficiency has

increased.
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3.4.1 Benchmark fossil power efficiency (2)

Figure 19 shows the benchmark indicator for the energy efficiency of fossil-fired
power production.
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Figure 19 Benchmark for energy-efficiency of fossil-fired power produc-

tion (based on weighted average efficiencies)

The results from the benchmark based on weighted average efficiencies shows that

France, the Nordic Countries, Japan and United Kingdom and Ireland perform best
in terms of fossil-fired generating efficiency and are respectively 14%, 13%, 12%
and 12% above average in 2004. Germany and South Korea are 11% and 10%
above average efficiency, respectively. The United States and Australia are 5% and

3% above average and India and China perform 9% and 12% below average in
2004.

Although the exact numbers for the two benchmark approaches; (1) non-weighted
and (2) weighted average efficiency, differ, the results in terms of which countries
are most efficient, are the same. The benchmark indicators based on weighted aver-
age efficiency are higher because the weighted average benchmark efficiencies are
lower than the non-weighted average benchmark efficiencies.
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4 Conclusions

The main purpose of this study is to compare fossil-fired power generation effi-
ciency (coal, oil and gas) for Australia, China, France, Germany, India, Japan, Nor-
dic countries (Denmark, Finland, Sweden and Norway aggregated), South Korea,
United Kingdom and Ireland, and United States.

In this study we applied two approaches for benchmarking energy efficiency: (1) by
using non-weighted average efficiencies and (2) by using weighted average effi-
ciencies by countries’ electricity generation. Although the exact numbers for the
two approaches differ, the general results, in terms of which countries are most ef-
ficient, are roughly the same. The benchmark indicators in the second approach are
higher because the weighted average benchmark efficiencies are lower than the av-
erage benchmark efficiencies.

The benchmark based on non-weighted average efficiencies, shows that France, Ja-
pan and United Kingdom and Ireland perform best in terms of fossil-fired generat-
ing efficiency and are respectively 8% above average in 2004. The Nordic coun-
tries, South Korea and Germany are 6%, 4% and 4% above average efficiency, re-
spectively. The United States and Australia are 1% and 5% below average and In-
dia and China perform 15% and 19% below average in 2004.

The benchmark based on weighted average efficiencies, shows that France, the
Nordic Countries, Japan and United Kingdom and Ireland perform best in terms of
fossil-fired generating efficiency and are respectively 14%, 13%, 12% and 12%
above average in 2004. Germany and South Korea are 11% and 10% above average
efficiency, respectively. The United States and Australia are 5% and 3% above av-
erage and India and China perform 9% and 12% below average in 2004.
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Appendix 1: Comparison IEA statistics to
national statistics

In this chapter, energy efficiencies based on IEA Energy Balances'® are compared
to energy efficiencies calculated by available national statistics. We only mention
differences between statistics if they are larger than 1%, since the uncertainty range
of IEA statistics is considered to be 1 to 2%.

Australia

For Australia, energy statistics are available from the Australian Bureau of Agricul-
ture and Resource Economics (ABARE, 2007)"!. These statistics give details about
the input and gross output for total fossil-fired power generation for the period
1990/1991 to 2004/2005. Information regarding power generation by fuel source is
only available for the years 2003/2004 and 2004/2005.

Table 8 shows a comparison of the energy-efficiency based on ABARE and IEA.
For the Australian statistics, we used the values for book year 1990/1991 for 1990
and so forth.

Table 3 Energy efficiency of power generation by source (%)

Source 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
IEA 349 349 34.8 35.1 36.8 37.0 349 349 34.8 35.1 349 349 348 34.5 36.7
~ | ABARE 35.0 35.2
S Used values 349 349 34.8 35.1 35.0 35.0 349 349 34.8 35.1 349 349 34.8 34.5 35.2
IEA 36.7 36.9 36.8 37.6 34.5 37.1 36.1 355 404 4.5 517 45.5 34.1 39.2 34.1
| _LABARE 394 40.2
S Used values 36.7 36.9 36.8 37.6 345 37.1 36.1 35.5 40.4 44.5 40.0" 45.5 34.1 39.2 40.2
IEA 36.6 36.9 34.1 37.3 36.6 324 32.0 33.6 28.9 38.5 37.3 379 41.7 34.7 41.3
_ ABARE 38.9 36.1
S Used values 36.6 36.9 34.1 373 36.6 324 32.0 33.6 28.9 38.5 373 379 417 34.7 41.3
IEA 351 351 35.0 353 36.6 37.0 35.2 33.6 33.1 33.3 33.7 349 33.6 35.0 36.4
E ABARE 34.2 34.1 34.4 34.8 34.8 34.4 34.4 34.5 34.2 34.8 34.7 34.6 35.1 35.5 359
i Used values 35.1 35.1 35.0 35.3 35.0 35.0 35.2 33.6 33.1 33.3 337 34.9 33.6 35.0 35.9

10 Edition 2006 for non-OECD countries and edition 2007 for OECD countries.

11 Conversion factors used for converting from gross calorific value (GCV) to net calorific
value (NCV) are 0.9 for natural gas, 0.93 for oil and 0.97 for coal.

12 The efficiency for natural gas for the year 2000 seems unlikely (51.7%) because the
efficiency for the other years is much lower. Therefore 40% is assumed for this year.
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The overall fossil-fired power generation efficiency is close in both sources; around
35%.

For coal, oil and gas-fired power generation only the years 2003 and 2004 can be
compared to national statistics.

The energy-efficiency of coal-fired power generation in IEA statistics is around
35% for the period 1990-2004. Based on ABARE the energy-efficiency is 34.5% in
2003 and 35.2% in 2004. In IEA statistics the energy-efficiency in 2004 is 36.7%.
This seems to be an anomaly. We therefore use 35.2% for the year 2004. Based on
IEA, the energy-efficiency of coal increases from 35% in 1993 to 37% in 1994. In
1996 the energy-efficiency reduces again to 35%. The increase in energy-efficiency
is also visible in the overall fossil energy-efficiency in 1994 and 1995. However the
calculation based on the ABARE statistics shows no increase in fossil efficiency for
these years. Therefore we assume that the efficiencies for coal in 1994 and 1995
based on IEA statistics are incorrect. For these years we assume an energy-
efficiency for of 35%. This also changes the energy-efficiency of fossil-fired power
generation to 35% in 1994 and 1995.

For gas-fired power generation the efficiency in ABARE is 39.4% in 2003 and
40.2% in 2004, while in IEA statistics the efficiency is 39.2% and 34.1%. For 2004
we use 40.2% since this value is more consistent with the energy-efficiency in the
period 1998-2003. The efficiency for natural gas based on IEA for 2000 seems
unlikely (51.7%) because the efficiency for the other years is much lower. There-
fore 40% is assumed for this year.

The efficiency for oil-fired power generation seems unreliable since it ranges from
29-42%. Oil-fired power generation is however very small, only 0.4% of public
fossil-fired power generation in 2004. For oil-fired power generation we just take
IEA data.

China

For China, the energy efficiency of fossil-fired power generation is calculated by
the China Energy Databook (LBNL, 2004) for the period 1990-2002. This is the
most recent version of the China Energy Databook.

For the years 1997-2000 the energy efficiency is found to be the same as the energy
efficiency calculated by IEA. For the years 1990-1996 the fossil efficiency based
on IEA is 3 percent point higher the efficiency based on LBNL (32% instead of
29%). For the years 2001 and 2002, the energy efficiency is 1-2 percent points
lower (31% instead of 33% for 2002). It was found the fuel input for coal-fired
power generation for the years 2001 and 2002 is increased in the 2006 edition of
IEA Energy Balances in comparison to the 2005 edition. This leads to the lower en-
ergy-efficiency in the 2006 edition. We assume that this change of data in the 2006
edition is an improvement of the data quality and more reliable in than the older
data in LBNL (2004).
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France

For France no detailed energy statistics was found to calculate energy efficiency for
power generation. Data on electricity production from fossil-fuel sources is avail-
able from INSEE (2007), but this data includes electricity generation from auto-
producers. Total thermal power generation in 2004 is 56.3 TWh by INSEE in com-
parison to 40.5 TWh for public power generation given by IEA.

A calculation based on PRIMES data (European Commission, 2003) gives an en-
ergy efficiency for fossil-fired power generation in France of 37.9% for 2000 in
comparison to 37.1% by IEA (2005). No other detailed energy statistics were avail-
able for France, for this study, to look further into this.

Germany

For Germany we looked at the Energiebilanz 2006 from Arbeitsgemeinschaft Ener-
giebilanzen (2007). Table 4 shows the results for the energy efficiency for fossil-
fired power generation calculated by IEA and by Arbeitsgemeinschaft Energiebi-
lanz. The data from Arbeitsgemeinschaft Energiebilanzen refer to total electricity
generation, including electricity generation by auto-producers. The IEA data refer
to public power generation. Public fossil power generation is 88% of total fossil
power generation in Germany in 2004 (IEA, 2007).

Table 4 Energy efficiency fossil-fired power generation (%)

1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004

IEA 33.6 | 338 | 343 | 345 346 | 362 | 362 | 364 | 378 | 37.6 | 385 374 | 365 | 397 | 393

Energiebi- | 35.8 36.2 36.5 36.7 36.7 37.1 37.8 38.0 38.6 38.4 38.6 38.7 389 39.6 392

lanz"

Differences in energy efficiency between the two sources are mainly present in the
years 1990-1998. An important difference in IEA data in comparison to the Ener-
giebilanz is that fuel input data in Energiebilanz only includes fuel consumption for
electricity generation and not for heat generation. Fuel consumption used for heat
generation in CHP is not available." Because of this difference the statistics from
Energiebilanz are not useable for this study since it is needed to base the efficien-
cies on the same methodology. Therefore we use IEA statistics for Germany.

13 The efficiency calculated by Energiebilanz is not corrected for heat generation because in
these statistics fuel consumption for heat generation is not included in the fuel input data.
14 Based on PDF-document “Preface to the energy balances” http://www.ag-
energiebilanzen.de/daten/vorengl.pdf

“In the case of public thermal power stations, industrial power stations and nuclear power
stations, only the fuel input actually used for electricity generation is recorded as
conversion input. .... The fuel used for power generation is recorded under conversion,
while the fuel used for heat generation is recorded under final energy consumption.”
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India

For India energy statistics are available from the Ministry of Statistics and Pro-
gramme Implementation (MOSPI, 2006).

Total thermal power generation in MOSPI is found to be identical to the fossil
power generation in IEA. No further split of power generation by fuel source is
available in MOSPI. Fuel input for power generation is however available by fuel
source.

After comparing fuel input for coal-based power in MOSPI statistics to IEA, we
noticed that coal consumption for power generation is 10-13% lower in MOSPI sta-
tistics for all years considered. We found that the reason for this is the use of differ-
ent energy contents for coal. IEA uses an energy content of 18.7 GJ/tonne coal for
2004, while MOSPI uses an energy content of 16.6 GJ/tonne coal based on GCV
for 2004. Converted to NCV, this is an energy content of 16.1 GJ/tonne (with a
0.97 conversion factor). TERI (2004) gives the same value for coal input for power
generation; e.g. for 2001 4.3 PJ, which is the same value as MOSPI gives. IEA
gives 4.9 PJ for 2001. In this analysis we will use the fuel input data for coal (cor-
rected to NCV) from MOSPI (2006) to calculate the energy efficiency for coal-
fired power generation.

Table 5 shows the energy efficiency of coal-fired power generation based on IEA

and the energy-efficiency based on fuel input for coal from MOSPI (2006). For the
Indian statistics, we used the values for book year 1990/1991 for 1990 and so forth.

Table 5 Energy efficiency for coal-fired power generation (%)

1993 1994 1995 1996 1997 1998 1999 | 2000 2001 | 2002 | 2003 | 2004

IEA 272 27.3 26.8 25.7 26.4 26.6 27.0 26.6 26.3 27.7 27.6 26.9
Fuel input coal from 30.4 30.4 299 285 30.4 30.4 31.0 30.3 29.8 31.8 31.8 30.7
MOSPI (2006)

The fuel input for natural gas-fired power generation in MOSPI is found to be the
same as in [EA.

Fuel input for oil-fired power generation is the same compared to IEA Energy Bal-
ances edition 2005. In the 2006 edition of IEA the fuel input for the years 2000-
2003 changed together with power generation data for oil. We take IEA data since
these changes are assumed to be improvement of the data quality.
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Japan

For Japan, the efficiency of fossil-fired power generation is calculated for the pe-
riod 1991-2004 by METI (2007)". Some slight differences are present between the
calculations based on IEA and METI, but these differences are below 1% for the
period 1993-2004. For the years 1990 to 1992 IEA gives an efficiency of 42.3%
whereas METI gives an efficiency of 41.5%. Since the difference is small we use
IEA statistics for the whole period.

When comparing energy efficiency by fuel source it was found that there are differ-
ences in the breakdown of power generation by fuel source. Coal-, gas- and oil-
fired power generation by METI (2007) in 2004 is respectively, 223, 259 and 76
TWh. IEA (2005) gives 246, 236 and 80 TWh, respectively for 2004.

A reason for this difference seems to be a difference in the methodology for dis-
tributing power generation in case of dual fuel power production. METI (2007)
provides data on electricity generation by plant level. In IEA data electricity gen-
eration is split up by fuel source. This can lead to different results if e.g. a gas-fired
power plant or unit consumes oil products or coal products (e.g. coke oven gas or
blast furnace gas) as well as natural gas. The electricity generation can then be di-
vided into coal-, gas- and oil-fired power generation or can be entirely included in
natural gas-fired power generation. [IEA mentions that “the National Administration
and/or the utilities calculate how to split the electricity generation for multi-fuel
fired units or plants.” (IEA, 2005b).

A comparison of fuel input data from METI and IEA shows that for natural gas the
fuel input data is nearly the same. For coal-fired power generation IEA reports a
slightly higher value for fuel input (1-2%). This is compensated by a lower fuel in-
put for oil-fired power generation (~2%).

The difference in power generation leads to a difference in energy efficiency by
fuel source. The energy efficiency of coal-, gas- and oil-fired power generation cal-
culated by METTI (2007) is around 40-41%, 46-47% and 39%, respectively, based
on a plant level. The efficiencies based on IEA are respectively 41.5%, 44.9% and
45.6% for the year 2004.

Because overall fossil-fired power generation efficiency calculated by METI and
IEA is similar for all years, no changes are made to the data for Japan.

In this way the data are most comparable to the data for the other countries, because
they are based on the same methodology.

15 Statistics are based on data for public power generation with the exception of specified-
scale electricity suppliers; named Power Producers and Suppliers (PPS). These PPS gener-
ate less than 1% of total public power generation. Data is converted from GCV to NCV by
conversion factors from RIETI (2005).
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Nordic countries

For the Nordic countries we only compared IEA statistics to national statistics for
Denmark and Finland since these countries together generate 94% of the total fos-
sil-fired power generation of the Nordic countries in 2004. For Sweden and Norway
we just use IEA statistics.

For Denmark, energy statistics are available from the Danish Energy Authority
(2007). These statistics give details about total fossil-fired power generation for the
period 1990-2005. The efficiency for fossil-fired power plants is for most years
equal to the efficiency based on IEA. There are some slight deviations for the year
2003; 42.5% instead of 43.2% by IEA and for 2004; 42.8% instead of 43.6% by
IEA. These differences can be caused by the fact that biomass co-firing is included
in the Danish Energy Authority’s data. We decided therefore to use IEA data for
Denmark for the whole period.

For Finland, IEA statistics are compared to Energy Statistics 2003 (Statistics
Finland, 2004), for the years 1990-2003. For the year 2004 the “Overview of power
and heat plants” is used from Statistics Finland (2007).

It was found that it is difficult to compare the Energy Statistics 2003 yearbook to
IEA statistics for a number of reasons:

¢ In Finnish statistics, fuels that are used in combined heat and power pro-
duction are divided so that heat is allocated to the amount of fuel required
for alternative, separate heat production (at the efficiency ratio of 90%),
and power is allocated to the additional fuel required in power production.
The fuel consumption for combined heat and power (CHP) plants is there-
fore partly included in the “fuel consumption for electricity generation
from CHP plants” and partly in the “fuel consumption for district heat and
heat from combined heat and power plants”. No further split up is available
for the last category.

e In IEA statistics, heat and power production are divided into autoproducer
and public power production. The public category includes enterprises
whose main business activity is heat and/or power production. The auto-
producer category includes enterprises where heat and/or power is pro-
duced either partly or entirely for its own use. A corresponding autopro-
ducer/public division is not employed in Finnish energy statistics. Electric-
ity generated in combined production is separated either into district heat-
ing power or industrial process power in Finnish statistics.

e Heat generation in CHP plants is not available by fuel source. This means
that heat generation in CHP plants is only given as a total for all CHP
plants. Also heat generated by biomass is included in this category. Bio-
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mass consists for 18% of the fuel consumption for public CHP plants in
2002 (IEA, 2004).

Especially the first point is a problem, since 50% of fossil-fired power generation in
Finland in 2004 is generated in CHP plants (IEA, 2007). In order to compare en-
ergy efficiencies, we back-calculated the energy consumption for heat generation
by CHP plants'® and added this to the energy input for electricity generation. The
results are shown in Table 6.

Table 6 Energy efficiency of fossil-fired power generation in Finland (%)

1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004

IEA (2004) 41.6 412 41.7 412 41.6 38.5 38.6 372 40.0 43.2 42.7 429 423 40.7 41.8

Statistics Finland | 41.3 41.0 | 421 41.7 | 417 | 420 | 41.8 | 423 | 435 | 441 43.1 420 | 422 | 413 | 421

(2004)

As can be seen in Table 6, the differences in energy efficiency based on these as-
sumptions are not so large, except for the period 1995-1999.

Because of the mentioned differences in definitions in IEA statistics and Statistics
Finland (2004), and the difficulty comparing the two, no changes are made for
Finland.

South Korea

For South Korea energy statistics are available from the Korea National Statistical
Office (KOSIS, 2006) for the years 1990-2004 and from Korea Electric Power Cor-
poration (KEPCO, 2007) for the years 1961 to 2001."

Table 7 shows energy efficiency for fossil-fired power generation, calculated by

both sources.

Table 7 Energy efficiency of fossil-fired power generation (%)

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

IEA 37.8 40.3 39.2 39.2 38.0 40.1 38.7 37.8 37.8 42.8 39.7 40.0
KOSIS 36.7 38.2 383 38.6 389 39.3 39.2 39.4 39.9 40.3 40.1 40.3
KEPCO 36.0 40.1 40.2 40.1 40.1

18 This is based on 90% efficiency for alternative heat generation. The heat output from
CHP plants is corrected for the input from biomass by subtracting the share of biomass in-
put from total heat generation, in terms of percentage, for all years (IEA, 2005).

17 Conversion factors used for converting from physical units to NCV are 26.6 MJ/tonne an-
thracite, 25.7 MJ/tonne bituminous coal, 41 MJ/kl heavy oil, 34.2 MJ/kl diesel and 49.5
MJ/tonne LNG (based on NCVs for South Korea from IEA and IPCC default values). Heat
generation is not available and is taken from IEA (2005) for natural gas and for total fossil-
fired power generation.




ECOFYS

The three sources show that the energy-efficiency of fossil-fired power generation
in South Korea is around 40%.

Table 8 shows the energy efficiency of power generation by source, calculated by
IEA, KEPCO (for the years 1997-2001) and KOSIS (for the years 2002-2004).
KOSIS only provides data on fuel input for power generation and not on power
generation by fuel source. Since the total amount of fossil-fired power generation in
KOSIS is equal to IEA, we calculate the efficiencies of KOSIS by fuel input of
KOSIS and the power generation by fuel source from IEA.

The table shows the energy-efficiency values that are used in this study. In a num-
ber of cases the efficiencies are based on the data from KEPCO or KOSIS, because
these values show fewer fluctuations than the IEA values. The influence of the
changes in energy-efficiency by fuel source on the fossil efficiency is shown in the
table.

Table 8 Energy efficiency of power generation by source (%)

Source 1997 1998 1999 2000 2001 2002 2003 2004

Coal [EA 35.1 373 36.5 35.7 37.0 924 376 37.3
KEPCO / KOSIS 319 374 37.0 376 378 383 37.8 37.1
Used values 35.1 37.3 36.5 37.6 37.8 38.3 37.6 373

Gas IEA 452 493 47.1 44.0 417 50.1 50.6 50.4
KEPCO / KOSIS 44.7 473 47.9 47.7 49.4 49.6% 50.4% 51.3%
Used values 447 473 47.9 477 49.4 50.1 50.6 50.4

0il IEA 375 40.1 35.6 39.2 36.3 34.8 36.4 352
KEPCO / KOSIS 39.2 463 49.4 454 44.3 39.1 39.4 39.7
Used values 39.2 40.1 40'8 39.2 40" 39.1 39.4 39.7

Fossil IEA 38.0 40.1 38.7 37.8 37.8 428 39.7 40.0
Efficiency as result | 38.4 39.7 39.4 39.7 40.4 40.7 39.7 40.5
of above changes

United Kingdom and Ireland

For the United Kingdom and Ireland, we only compared IEA statistics to national
statistics for the UK, because 92% of the total fossil-fired power in the UK and Ire-
land was generated in the UK in 2004. For Ireland we just use IEA statistics.

Energy statistics for the United Kingdom from DTI (2006) give data for the years
1996 to 2004."

18 Assumption
1% Conversion factors used for converting from gross calorific value (GCV) to net calorific
value (NCV) are 0.9 for natural gas, 0.93 for oil and 0.97 for coal. The gross calorific val-
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The energy efficiency for gas-fired power generation, calculated by DTI (2006) and
IEA (2007), is found to be the same.

For coal-fired power generation, the energy-efficiency is in the range of 37-38% in
both sources. One exception is the year 2000 where the energy-efficiency by IEA is
40.3% in comparison to 37.4% by DTI. We will use 37.4% the UK for 2000 be-
cause this value is more in line with the energy efficiencies for the other years (i.e.
37.7% in 1999 and 37.3% in 2001).

The energy-efficiency of oil-fired power generation is much lower according to
DTI statistics; around 30% instead of near 60% by IEA. The energy efficiency cal-
culated by IEA seems to be too high. Because oil-fired power generation is less
than 1% of total fossil-fired power generation in the UK we did not look into this in
detail and based the calculations on DTI statistics for the UK.

For the energy efficiency of overall fossil-fired power generation the difference is
small, except for the year 2000. The efficiency based on DTI is 43.2% whereas the
efficiency based on IEA is of 45.1%. We will use 43.2%, because this value is more
in line with the energy-efficiency for the other two years (43.8% in 1999 and 42.8%
in 2001).

United States

For the United States energy efficiencies are calculated from the Annual Energy
Review 2006 (EIA, 2007).

A number of differences were found between EIA and IEA data. Some of these dif-
ferences may be caused by the fact that EIA reports electricity data in terms of net
electricity generation instead of gross electricity generation. The data from EIA are
converted to gross electricity generation by a factor of 1.06 for coal, 1.03 for gas
and 1.04 for oil™.

Table 9 shows energy efficiency by coal-fired power generation, calculated by both
sources.

ues are taken from DTI Annex B - Calorific Values and Conversion Factors.
http://www.dti.gov.uk/energy/inform/energy prices/annex b mar04.shtmland

20 Gross electricity generation refers to the electric output of the electrical generator. Net
electricity output refers to the electric output minus the electrical power utilised in the
plant by auxiliary equipment such as pumps, motors and pollution control devices. Auxil-
iary consumption is in general higher for coal-fired power plants than for gas-fired power
plants. In this study we use 6% for coal-fired power generation, 3% for gas-fired power
generation and 4% for oil-fired power generation. These values result in figures that are
most consistent with the gross electricity generation figures from IEA.
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Table 9 Energy efficiency of coal-fired power generation?

1990 1991 1992- 2000 2001 2002 2003 2004
1999
IEA 37.2% 37.3% ~36% 36.5% 35.0% 35.9% 36.4% 36.3
EIA 36.1% 36.1% ~36% 35.9% 36.1 36.1% 36.2% 36.0
Ratio: IEA / EIA 103% 103% 100% 101% 97% 99% 100% 101%

The energy efficiency for coal-fired power generation differs significantly for the
years 1990, 1991, 2000 and 2001. The energy efficiency for these years, based on
EIA, is more in line with the energy efficiency for the years 1992-1999 and 2002.
Therefore we replace IEA data by EIA data for these years.

Table 10 shows energy efficiency by gas-fired power generation, calculated by both
sources.

Table 10 Energy efficiency of gas-fired power generation (%)

1990 1991 1992 1993 | 1994 | 1995 | 1996 | 1997- | 2000 | 2001 | 2002 | 2003 | 2004

1999
1IEA 372 37.8 38.0 385 38.9 38.2 383 ~38 39.6 40.5 42.0 43.1 444
EIA 36.7 37.0 37.5 38.1 38.2 38.4 38.7 ~38 38.6 40.1 41.7 45.0 45.5

Ratio: IEA 101 102 101 101 102 100 99 100 103 101 101 96 98

/ EIA

For gas-fired power generation the difference in energy efficiency between the two
sources is significant for the years 1991, 1994, 2000, 2003 and 2004. We will take
IEA data for these years, because EIA (2007) shows an increase in energy-
efficiency from 42% in 2002 to 46% in 2004 which is not explainable by e.g. an in-
crease of gas-fired power generation. Natural gas-fired power generation is in 2003
7% lower than in 2002 and in 2004 3% higher than in 2002.

Table 11 shows energy efficiency by oil-fired power generation, calculated by both
sources.

Table 11 Energy efficiency of oil-fired power generation (%)

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

IEA 38.2 37.9 37.3 36.9 38.0 379 37.0 524 56.3 40.7 37.6 37.6

EIA 36.0 35.8 353 355 36.2 35.8 35.2 35.2 359 359 36.3 36.0

Ratio: IEA / 106 106 105 104 105 106 105 149 157 113 104 104

EIA

21 Data from EIA (2005) is based on gross calorific value. This is converted to net calorific
value by a factor of 0.97 for coal, 0.9 for natural gas and 0.93 for oil.
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As can be seen in Table 11, there are large differences in the efficiency of oil-fired

power generation. We will replace IEA data with EIA data for oil-fired power gen-

eration because the EIA data set seems more reliable, especially for the years 2000-

2002, with fewer fluctuations.

Table 12 shows energy efficiency by overall fossil-fired power generation, calcu-

lated by both sources.

Table 12 Energy efficiency of fossil-fired power generation (%)

1990 1991 1992- 2000 2001 2002 2003 2004
1999
IEA 373 375 ~36 37.5 36.7 373 37.7 38.0%
EIA 36.2 36.2 ~36 36.4 36.9 37.3 37.8 37.8%
Ratio: IEA / EIA 103 103 100 103 100 100 100 100

For the efficiency of fossil-fired power generation, significant differences are pre-
sent for the years 1990, 1991 and 2000. For these years we will take EIA data be-

cause these values are more in line with the efficiencies for the other years.
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Results energy efficiency analysis

Table 13, Table 14, Table 15 and Table 16 show energy efficiencies for coal-fired,
gas-fired, oil-fired and fossil-fired power generation. Unless otherwise specified the
numbers are based on IEA. Some corrections are made, based on the comparison of
IEA data to national statistics. This is indicated by footnotes.

Table 13 Efficiency of coal-fired power generation (%)

1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
China 309 | 314 | 318 | 322 | 323 | 311 | 320 | 304 | 306 | 322 | 333 | 315 | 307 | 31.1 | 29.8
France 395 | 41.0 | 420 | 37.6 | 38.6 | 37.9 | 40.0 | 368 | 397 | 372 | 38.0 | 39.6 | 40.0 | 39.6 | 39.4
Germany 340 | 343 | 350 | 352 | 356 | 36.1 | 363 | 365 | 37.8 | 37.6 | 384 | 374 | 362 | 39.1 | 382
Japan 392 | 393 | 394 | 39.1 | 39.6 | 39.7 | 40.0 | 403 | 40.6 | 409 | 41.1 | 413 | 41.6 | 41.6 | 415
United States™ 36.1 | 36.1 | 36.1 | 358 | 359 | 36.1 | 36.0 | 36.1 | 359 | 36.1 | 359 | 36.1 | 359 | 36.4 | 363
UK + Ireland® 37.0 | 380 | 376 | 39. | 390 | 375 | 383 | 37.1 | 37.1 | 376 | 375 | 373 | 379 | 38.1 | 37.8
Nordic countries | 394 | 39.6 | 39.5 | 404 | 409 | 413 | 40.5 | 402 | 400 | 420 | 414 | 419 | 41.6 | 40.6 | 39.8
India® 310 | 309 | 304 | 304 | 304 | 299 | 285 | 304 | 304 | 310 | 303 | 298 | 31.8 | 31.8 | 307
South Korea® 259 | 234 | 259 | 300 | 344 | 365 | 332 | 351 | 373 | 365 | 376 | 378 | 383 | 37.0 | 373
Australia 349 | 349 | 348 | 351 | 350 | 350 | 352 | 335 | 32.8 | 326 | 327 | 342 | 33.5 | 345 | 352
Table 14 Efficiency of gas-fired power generation (%)

1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
China 350 | 350 [ 350 | 350 | 350 | 348 | 308 | 404 | 407 | 438 | 448 | 455 | 475 | 439 | 446
France 413 | 410 | 410 | 437 | 43.0 | 50.6 | 464 | 40.6 | 40.1 | 397 | 484 | 475 | 474 | 476 | 476
Germany 320 | 312 | 30.0 | 307 | 29.1 | 400 | 362 | 36.8 | 392 | 382 | 41.1 | 385 | 38.1 | 43.0 | 466
Japan 429 | 429 | 430 | 426 | 431 | 432 | 435 | 438 | 440 | 444 | 446 | 447 | 451 | 451 | 449
United States 372 | 37.8 | 380 | 385 | 389 [ 382 | 383 | 380 | 375 | 37.8 | 39.6 | 40.5 | 42.0 | 43.1 | 444
UK + Ireland 404 | 419 | 351 | 406 | 456 | 473 | 47.1 | 494 | 493 | 500 | 50.1 | 504 | 51.5 | 511 | 513
Nordic countries | 44.5 | 44.8 | 439 | 437 | 424 | 395 | 427 | 407 | 438 | 453 | 452 | 457 | 454 | 465 | 4638
India 232 | 249 | 282 | 320 | 367 | 378 | 404 | 404 | 404 | 419 | 416 | 424 | 373 | 41.0 | 41.0
South Korea® 405 | 406 | 403 | 423 | 423 | 422 | 448 | 447 | 473 | 479 | 477 | 494 | 50.1 | 50.6 | 50.4
Australia 36.7 | 369 | 36.8 | 37.6 | 345 | 37.1 | 36.1 | 355 | 404 | 445 | 517 | 455 | 34.1 | 392 | 402

22 The energy-efficiency for the years 1990, 1991, 2000 and 2001 is based on EIA (2006).
23 The energy efficiency for the UK for the year 2000 is based on DTI (2006). The energy
efficiency for Ireland is based on IEA.

24 Coal input data is based on MOSPI (2006).

25 Efficiencies for the period 2000-2002 are based on KEPCO (2007).

26 Efficiencies for the period 1997-2001 are based on KEPCO (2007).
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Table 15 Efficiency of oil-fired power generation (%)

1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004

China 33.7 333 334 33.7 33.6 339 34.0 33.6 33.6 33.6 33.6 33.6 33.6 | 33.6 | 33.6
France?’ 37.7 38.1 38.2 36.9 35.6 36.1 36.0 36.8 35.2 333 36.1 29.7 323 [ 31.8 | 454
Germany 27.5 29.7 294 | 262 26.1 28.0 30.1 30.1 31.1 315 22.8 26.8 | 42.8 | 45.7 | 36.5
Japan 434 434 | 435 43.1 43.3 432 | 434 43.8 43.8 44.3 452 | 454 | 457 | 459 | 456

United States® 355 36.0 35.7 36.0 358 353 355 36.2 358 35.2 352 359 359 | 363 | 36.0

UK + Ireland® 40.5 38.1 38.9 37.7 32.0 339 34.7 36.1 38.1 36.9 35.0 33.6 322 | 327 | 334

Nordic  coun- | 38.1 372 | 39.7 393 | 41.7 | 40.8 | 40.2 | 412 364 | 39.0 | 394 | 384 | 403 [ 449 | 36.8

tries

India 30.0 | 300 | 30.0 | 30.0 | 30.0 | 30.0 [ 30.0 | 30.0 | 300 | 30.0 | 32.6 | 37.7 | 372 | 345 | 344

South Korea™ 379 39.2 40.8 42.8 45.5 40.5 44.5 39.2 40.1 40.0 39.2 40.0 39.1 | 394 | 39.7

Australia 36.6 369 | 341 37.3 36.6 | 324 | 320 | 33.6 289 | 385 37.3 379 | 41.7 | 347 | 413

Table 16 Efficiency of fossil-fired power generation (%)

1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004

China 31.1 31.6 319 323 324 313 32.0 30.7 309 32.4 334 317 309 | 31.2 ] 30.0
France 39.1 402 | 413 37.6 38.3 37.7 39.5 36.9 389 36.8 420 | 429 | 432 | 427 | 422
Germany 33.6 33.8 343 34.5 34.6 36.2 36.2 364 37.8 37.6 38.5 37.4 36.5 | 39.7 | 393
Japan 423 423 423 41.8 422 | 421 424 42.6 42.8 43.1 434 | 433 437 | 437 | 434

United States®! 36.2 36.2 36.4 36.2 36.4 36.5 36.3 364 36.2 36.4 36.4 36.7 373 | 37.7 | 38.0

UK + Ireland™ 374 38.1 37.6 | 39.1 39.7 394 | 406 | 417 | 41.8 | 433 | 430 | 425 | 43.6 | 434 | 43.6

Nordic  coun- | 39.9 399 40.0 40.7 412 40.9 40.8 40.4 404 425 423 42.6 425 | 423 | 416

tries

India™ 305 | 305 | 303 | 304 | 308 | 304 | 293 | 311 [311 | 317 | 312 | 310 | 325 | 326 | 3L

dia® 6
South Korea™ | 339 | 343 | 362 | 378 | 403 | 392 | 392 | 384 | 39.7 | 394 [ 397 | 404 | 40.7 | 39.7 | 40.5
Australia® 351 | 351 | 350 | 353 | 350 | 350 | 352 | 336 | 331 | 333 | 337 | 349 | 33.6 | 350 | 359

27 For the years 2000-2003 the effiency is based on IEA (2005). The efficiencies based on
IEA (2007) are above 70%.

28 The energy efficiency for all years is based on EIA (2006).

2% The fuel input for oil-fired power generation for the period 1996-2004 is based on DTI
(2006) for the UK.

30 Efficiencies for the period 1997-2004 are based on KEPCO (2007).

31 The energy efficiency for the years 1990, 1991 and 2000 are based on EIA (2006).

32 The energy efficiency for the UK for the year 2000 is based on DTI (2006). The energy
efficiency for Ireland is based on IEA.

33 Coal efficiency has changed (MOSPI, 2006) and this affects fossil-fired efficiency for
India.

34 Efficiencies for the period 1997-2004 are based on KEPCO (2007) and KOSIS (2006).
35 The efficiency for the years 1994, 1995 and 2004 is based on ABARE (2007).
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Appendix 1l: Input data

Table 17 Public power generation by source (TWh) in 2004

Coal Oil Gas Nuclear | Hydro Other Total
Australia 190 1 20 0 15 1 227
China 1727 56 19 50 354 0 2206
France 25 4 11 448 59 1 549
Germany 285 4 47 167 21 37 560
India 420 22 48 17 85 5 596
Japan 246 80 236 282 86 6 937
Nordic countries 43 2 20 100 180 19 365
South Korea 127 19 56 131 4 0 338
Total 5263 316 1250 2089 1076 136 10130
UK and Ireland 135 5 146 80 5 2 374
United States 2064 122 648 813 268 64 3980
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Table 18 Coal-fired power generation of public power plants in TWh
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1990 1991 1992| 1993| 1994| 1995 1996 1997| 1998| 1999 2000| 2001| 2002 2003| 2004
Australia 115 119 122 123 128 131 138 144 153 157 159 169 174 176 190
China 470 528 597 649 719 768 840 880 898 974| 1074| 1134| 1284| 1534 1727
France 22 30 27 15 15 18 22 17 28 31 28 22 25 27 25
Germany 263 262 254 254 256 256 270 260 270 259 274 281 275 295 285
India 169 188 202 225 235 265 273 288 303 334 349 360 383 400 420
Japan 94 101 106 114 127 138 146 156 155 174 193 207 224 238 246
Korea 12 11 13 21 32 39 47 59 70 74 87 95 118 120 127
Nordic countries 37 49 40 45 54 45 64 49 38 36 31 37 40 55 43
UK + Ireland 209 214 199 174 164 160 149 124 127 110 126 136 130 142 135
United States 1675] 1671| 1689| 1767| 1769| 1788 1878| 1929 1959| 1966] 2075] 1951] 2013| 2058| 2064

Table 19 Gas-fired power generation of public power plants in TWh

1990 1991 1992| 1993| 1994| 1995| 1996 1997| 1998| 1999 2000| 2001| 2002 2003| 2004
Australia 13 9 10 11 11 13 11 9 10 13 15 14 21 21 20
China 3 3 3 3 3 3 8 20| 17| 18] 19| 18] 17 13 19
France 0 0| 0 0 0 0 0 0 0 0 5| 8 10 10 11
Germany 25 23 19 20 22 24 29 32 36 37 36 40 39 45 47
India 8 11 13 15 18 25 27 32 34 36 35 38 38 45 48
Japan 164 175 174 173 186 189 199 208 215 231 238 237 240 248 236
Korea 10 10 12 14 18 20 27 32 27 30 28 30 39 40 56
Nordic countries 4 5 5 6 7 9 11 11 14 15 16 17 18 20 20
UK + Ireland 4 4 9 32 50 62 80 106 111 134 134 132 142 139 146
United States 283 283 282 277 311 329 281 303 331 317 548 572 627 585 648
Table 20 Oil-fired power generation of public power plants in TWh
1990| 1991 1992| 1993| 1994 1995 1996] 1997| 1998| 1999] 2000 2001| 2002| 2003 2004

Australia 1 2| 1 1 1 1 1 1 1 1 1 1 2 1 1
China 39| 38| 35| 49| 35| 43| 35| 33| 39 36| 32| 33 36| 41| 56
France 5 10 5 2 2 3 3 3 5 3 5 3 4 5 4
Germany 6 9| 8 5 5 4 4 3 3 2 2| 3 3 3 4
India 9 9| 9 8 9 9 17 17 16 16 24 25 26 23 22
Japan 207 195 201 161 195 162 151 124 108 107 94 66 88 91 80
Korea 19 27 35 35 40 42 41 41 15 14 25 24 21 22 19
Nordic countries 2 2 3 3 6 6 11 8 7 6 5 5 6 5 2
UK + Ireland 31 25 27 21 15 14 14 9 8 9 7| 8 6 5 5
United States 125 119 95 107 97 65 72 83 118 93 112 124 95 121 122

Table 21 Fossil-fired power generation of public power plants in TWh

1990 1991 1992| 1993| 1994| 1995| 1996 1997| 1998| 1999 2000| 2001| 2002 2003| 2004

Australia 129 129 132 135 139 145 150 153 164 170 174 184 196 198 210
China 511] 569] e35| 701] 758] 813 883 933] 954 1028 1124] 1185] 1337| 1588] 1802
France 28 40 33 17 17 22 26 20 34 35 38 33 38 42 40
Germany 294 294 282 279 282 283 302 295 308 299 312 323 317 343 335
India 187 209 225 248 262 299 317 336 353 386 408 422 447 469 489
Japan 465 471 481 447 509 490 496 488 477 512 525 510 551 577 562
Korea 40 48 61 71 91 101 116 132 112 118 140 150 178 182 202
Nordic countries 43 56 48 54 67 60 86 68 58 57 51 59 63 80 66
UK + Ireland 244 244 235 226 229 236 244 238 246 253 267 276 277 286 287
United States 2082| 2073] 2066 2150] 2177 2182] 2231| 2316] 2408| 2376] 2735| 2647| 2734 2764| 2834
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Fuel input

Table 22 Fuel consumption of coal-fired power plants in PJ

1990 1991 1992| 1993| 1994 1995| 1996| 1997| 1998| 1999| 2000 2001| 2002| 2003| 2004

Australia 1184| 1224] 1258 1267| 1251 1278| 1411] 1545| 1684| 1732 1751] 1777| 1867 1832] 1861
China 5469 6048] 6750| 7255| 8012| 8884| 9454| 10416| 10556| 10881] 11624| 12949| 15040| 17778| 20875
France 203 264 234 139 138 174 200 168 257 303 270 198 225 250 232
Germany 2929| 2867 2727| 2699] 2679| 2641] 2767| 2663| 2659| 2570| 2648] 2751| 2782 2773| 2764
India 1964| 2191| 2394| 2668| 2779| 3187 3449] 3405 3583| 3880| 4142| 4340 4335| 4532| 4917
Japan 865 922 973| 1051| 1159| 1255 1312 1390| 1373| 1528 1687| 1806 1937| 2061| 2134
Korea 163 166 182 256 337 388 513 606 675 731 878 929| 1020 1169] 1227
Nordic countries 385 500 416 457 524 446 629| 493 391 349 307 363 392 537 444
UK + Ireland 2039 2027| 1911| 1603]) 1511| 1538] 1404| 1201| 1232| 1048] 1125 1314| 1233 1343] 1289
United States 16201| 16113| 16871| 17775] 17757| 17819| 18782| 19236| 19675| 19598 20518| 20103| 20184| 20412 20475

Table 23 Fuel consumption of gas-fired power plants in PJ

1990 1991 1992| 1993| 1994 1995| 1996| 1997 1998 1999| 2000f 2001 2002| 2003 2004

Australia 127 90 99 104 112 131 110 86 87 101 102 110 220 197 209
China 32 28 28 36 36 35 90 174 154 148 150 141 128 109 157
France 2 2 2 2 2 2 2 2 3 2 42 72 92 92 97
Germany 337 332 297 297 356 287 360 364 391 409 363 432 432 447 421
India 126 165 172 166 181 237 240 281 302 306 305 319 364 398 419
Japan 1378| 1469| 1455| 1458| 1553| 1575| 1651] 1710| 1760| 1870 1919] 1908| 1915 1982 1893
Korea 85 88 109 123 163 174 226 263 205 237 241 281 293 296 414
Nordic countries 43 47 55 65 81 102 117 124 138 145 154 168 172 189 181
UK + Ireland 34 39 95 281 395 469 616 770 808 963 966 945 993 981| 1024
United States 2735| 2711| 2683| 2603 2898| 3112] 2657| 2893| 3189| 3036 5072| 5178| 5496 4993 5321

Table 24 Fuel consumption of oil-fired power plants in PJ]

1990 1991) 1992| 1993| 1994]| 1995| 1996| 1997| 1998| 1999| 2000 2001| 2002| 2003| 2004

Australia 15 16 6 7 6 7 7 7 7 7 7 10 13 8 9
China 413 412 375 521 379 451 374 355 420 382 342 353 384/ 444 601
France 48 96 51 19 16 32 32 25 53 35 27 28 26 39 40
Germany 109 139 128 105 91 76 75 58 53 47 41 47 28 29 36
India 112 108 108 100 106 114 203| 199 194] 197 266 239 255 244 229
Japan 1717 1617| 1663] 1343| 1623 1351 1251] 1020 884 872 752 523 692 714 634
Korea 179 249 312 294 319 376 335 393 131 143 232 250 219 220 199
Nordic countries 21 28 35 37 60 60 106 71 75 65 50 52 57 45 31
UK + Ireland 275 239 247 196 170 148 143 87 78 89 72 82 64 51 54
United States 1141| 1133 915[ 1012 932 634 709| 791 1123 908 772 792 842| 1163| 1176

Table 25 Fuel consumption of fossil-fired power plants in PJ]

1990 1991 1992| 1993| 1994 1995| 1996| 1997 1998 1999| 2000f 2001 2002| 2003 2004
Australia 1326| 1331] 1363 1377| 1369 1415| 1528| 1638| 1778| 1841| 1860] 1896] 2099 2037| 2079
China 5914 6488] 7153| 7811| 8427| 9370 9918| 10945| 11129 11411] 12116| 13443| 15552| 18332 21633
France 253 362 287 160 156 208 235 195 313 340 339 298 343 381 369
Germany 3375| 3337] 3152| 3101 3127| 3004] 3202| 3085| 3103| 3027 3052] 3230| 3243| 3250 3221
India 2202| 2465] 2674| 2933 3066| 3538 3892| 3885| 4079| 4383| 4713] 4898| 4953| 5174| 5565
Japan 3960 4009] 4091| 3853| 4335| 4182| 4214 4119| 4017| 4270| 4358| 4237| 4544| 4757| 4661
Korea 428 504 603 673 819 939 1074 1263| 1012) 1111 1351] 1460 1532| 1685| 1840
Nordic countries 449 575 505 558 664 608 853 688 604 558 512 583 621 771 656
UK + Ireland 2348| 2304] 2253| 2080 2076| 2155| 2162| 2057| 2119| 2100 2163] 2341| 2289 2375| 2367
United States 20078| 19957| 20469| 21389| 21587| 21566| 22148| 22920( 23986] 23541| 26362| 26074| 26522 26568| 26972
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Heat output

Table 26 Heat output from coal-fired public CHP plants in PJ

1990 1991) 1992| 1993| 1994| 1995| 1996 1997 1998| 1999| 2000 2001| 2002| 2003 2004

Australia 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0
China 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
France 0 0 0 0 0 0 0 0 0 0 2 3 3 3 1
Germany 289 245 220 210 190 181 198 199 183 188 165 111 108 132 162
India 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Japan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Korea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nordic countries 113 128| 122 128 120 122 133 123 110 104 97, 108 109 115 116
UK + Ireland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
United States 6 9 20 11 21 20 23 23 23 17 82 74 57 56 41

Table 27 Heat output from gas-fired public CHP plants in PJ

1990 1991 1992| 1993| 1994| 1995| 1996| 1997 1998| 1999| 2000 2001| 2002] 2003 2004

Australia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
China 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
France 0 0 0 0 0 0 0 0 0 0 17 33 42 42 42
Germany 98 109| 108 120 147 171 142 118 139 127 111 131 131 165 163
India 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Japan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Korea 0 0 0 0 15 20 23 26 20 27 27 43 32 41 40
Nordic countries 20 23 30 35 42 49 56 63 68 70 76 80 82 84 81
UK + Ireland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
United States 0 46 22 23 33 33 32 32 31 33 208 206 282 264 171

Table 28 Heat output from oil-fired public CHP plants in PJ

1990 1991) 1992| 1993| 1994| 1995| 1996 1997 1998| 1999| 2000 2001| 2002| 2003 2004

Australia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
China 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
France 0 0 0 0 0 0 0 0 0 0 15 15 12 12 13
Germany 38 58 57 54 36 40 54 42 42 40 20 14 13 16 2
India 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Japan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Korea 0 0 0 0 0 1 1 0 0 1 13 25 2 6 6
Nordic countries 10 13 15 16 20 19 22 12 20 13 7 11 15 15 14
UK + Ireland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
United States 0 25 23 19 15 11 12 8 6 6 7 8 9 16 11

Table 29 Heat output from fossil-fired public CHP plants in PJ]

1990 1991 1992| 1993| 1994| 1995| 1996| 1997 1998| 1999| 2000 2001| 2002] 2003 2004
Australia 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0
China 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
France 0 0 0 0 0 0 0 0 0 0 35 52 57 57 56
Germany 424 411 385 383 372 392 394 359 364 355 296 257 252 312 327
India 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Japan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Korea 0 0 0 0 15 20 24 26 20 28 40 69 34 47 46
Nordic countries 143 164 167 179 183 190 211 198 198 186 180 199 206 214 211
UK + Ireland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
United States 6 80 64 52 70 64 66 63 60 56 297| 288 348 336 223




ECOFYS

Benchmark indicators

Table 30 Benchmark indicators for coal (by non-weighted average)

1990 1991| 1992 1993| 1994 1995 1996] 1997 1998 1999 2000| 2001| 2002| 2003 2004
Australia 100%| 100%| 99%|[ 99%| 97% 97%| 98%| 94%| 90%| 90%| 89%| 93%| 91%| 93% 96%
China 89%| 90%| 90%| 91%| 89%) 86%| 89%| 85%| 85%| 89%| 91%| 86%)| 84%| 84% 81%
France 113%)| 117%]| 119%| 106%| 107%| 105%)| 111%)| 103%| 110%| 102%]| 104%| 108%| 109%| 107% 108%
Germany 98%| 98%| 99%| 99%| 98%| 100%)| 101%)| 102%)| 104%| 103%]| 105%| 102%| 98%| 106% 104%
India 89%| 89%| 86%| 86%| 84% 83%| 79%| 85%| 84%| 85%| 83%| 81%| 86%| 86% 84%
Japan 113%)| 113%]| 112%| 110%| 109%| 110%]| 111%)| 113%)| 112%| 113%]| 112%| 112%]| 113%| 112% 113%
Korea 75%| 67%| 73%| 84%| 95%| 101%| 92%| 98%)| 103%| 100%]| 103%| 103%| 104%| 100% 102%
Nordic countries | 113%)| 113%]| 112%]| 114%]| 113%| 114%)| 113%]| 113%)| 111%]| 115%]| 113%]| 114%]| 113%| 110% 109%
UK + Ireland 106%)| 109%| 107%| 110%| 108%| 104%)| 106%)| 104%)| 102%| 103%]| 102%| 102%| 103%| 103% 103%
United States 104%)| 103%]| 102%| 101%| 99%| 100%| 100%)| 101%| 99%| 99%| 98%[ 98%| 98%| 98% 99%

Table 31 Benchmark indicators for gas (by non-weighted average)

1990 1991| 1992 1993| 1994| 1995 1996] 1997 1998 1999 2000| 2001| 2002| 2003 2004

Australia 98%| 98%| 99%| 97%| 88%) 90%| 89%| 87%| 96%| 103%| 114%| 101%]| 78%| 87% 88%
China 94%| 93%]| 94%| 91%| 90%| 85%)| 76%| 98%| 96%| 101%| 98%| 101%| 108%| 97% 97%
France 110%)| 109%]| 111%]| 113%| 110%| 123%]| 114%| 99%| 95%| 92%| 106%]| 105%)| 108%| 106% 104%
Germany 86%| 83%| 81%)| 79%| 74%| 97%| 89%)| 90%)| 93%| 88%| 90%| 85%| 87%| 95% 102%
India 62%| 66%)] 76%)| 83%| 94%| 92%| 99%)| 98%)| 96%| 97%| 91%[ 94%| 85%| 91% 89%
Japan 115%) 114%)| 116%| 110%| 110%| 105%)| 107%]| 107%| 104%| 102%| 98%)| 99%)| 103%)| 100% 98%
Korea 108%)| 108%]| 108%| 109%| 108%| 103%]| 110%)| 109%)| 112%| 111%]| 105%| 110%| 114%| 112% 110%
Nordic countries | 119%| 119%]| 118%)| 113%| 109% 96%)| 105%| 99%| 104%| 104%| 99%| 101%)]| 104%| 103% 102%
UK + Ireland 108%)| 111%| 95%| 105%]| 117%| 115%]| 116%)| 120%)| 117%| 115%]| 110%| 112%| 117%| 113% 112%
United States 100%| 100%]| 102%| 99%| 100% 93%| 94%| 92%| 89%| 87%| 87%| 90%| 96%| 96% 97%

Table 32 Benchmark indicators for oil (by non-weighted average)

1990 1991| 1992| 1993 1994 1995| 1996| 1997| 1998 1999 2000| 2001| 2002 2003 2004

Australia 101%)| 102%| 94%| 103%| 102% 92%| 89%)| 93%)| 82%)| 106%]| 105%| 106%]| 110%| 91% 108%
China 93%| 92%| 92%| 93%| 93% 96%| 94%| 93%| 95%| 93%| 94%| 94%| 88%| 88% 88%
France 105%)| 105%]| 105%| 102%| 99%| 102%]| 100%)| 102%| 100%| 92%]| 101%| 83%| 85%| 84% 119%
Germany 76%| 82%| 81%| 72%| 72% 79%| 84%| 83%| 88%| 87%| 64%| 75%]| 112%| 120% 95%
India 83%| 83%| 83%| 83%| 83%)| 85%| 83%| 83%| 85%| 83%| 91%]| 105%]| 98%| 91% 90%
Japan 120%)| 120%]| 120%| 119%| 120%| 122%]| 120%)| 122%)| 124%| 122%]| 127%| 127%| 120%| 121% 119%
Korea 105%) 108%]| 112%]| 118%| 126%| 114%)| 124%]| 109%| 114%| 110%| 110%]| 111%] 103%]| 104% 104%
Nordic countries | 105%)| 103%]| 109%| 108%| 116%)| 115%)| 111%]| 114%)| 103%| 108%]| 111%| 107%| 106%| 118% 96%
UK + Ireland 112%)| 105%]| 107%| 104%| 89% 96%| 96%)] 100%)| 108%| 102%| 98%| 94%| 85%| 86% 87%
United States 98%| 99%)| 98%)| 99%| 99%| 100%)| 99%)| 100%| 101%| 97%| 99%| 100%| 94%]| 96% 94%

Table 33 Benchmark indicators for fossil (by non-weighted average)

1990] 1991] 1992| 1993| 1994| 1995| 1996] 1997 1998 1999| 2000| 2001 2002| 2003 2004
Australia 100%| 100% 99%! 99% 96% 96% 97%) 94%) 91% 91%! 91%: 94% 90%) 93%) 95%|
China 8 0 0 919 909 87Y 89 8 859 8 91 86Y 84 84Y 81.7
France 11. 114 117 106Y 1069 105 110 10: 108Y 10:. 104 105 106 104%]| 107.8
Germany 9 7 97%|  96Y 9 101 10. 103Y 10:. 103! 100 97 105 103.8
India 8 7 85 85 4 8 8 85 8 84 84 87 87 84.7
Japan 117%| 116 13! 4% 2% 12% 13% 11 1 08 08% 10% 08%| 107.7
Korea 7% 9 06 o 7% 08%)| 04%)| 07 04¢ 04 06% 06%)| 03%]| 104.4
Nordic countries 4% A 1 14¢ o 12% 11%)| 11%)| 0 2 09! 10% 0% 09%| 106.4
UK + Ireland 7%)| 9 0 09 o 06% 09%)| 11% 0 0 06 06% 0% 08%]| 107.
United States 03%)| 03 0. 01 99% 99% 99%) 00%) 9 8 96 97% 7%) 98%)| 99
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Table 34 Benchmark indicators

for coal (based on weighted average)

ECOFYS

1990] 1991] 1992] 1993] 1994] 1995] 1996] 1997] 1998 1999] 2000] 2001] 2002] 2003[ _ 2004
Australia 100%] 100%| 100%| 101%| 100%| 101%| 101%| 98%)| 95%| 93%| 93%| 99%| 98%| 100% 104%
China 89%] 90%| 91%| 92%| 93% 90%)] 92%| 89%| 89%| 92%| 95%| 91%| 90% 90% 88%
France 113%)] 117%| 120%)| 108%| 110%| 109%| 115%| 107%)| 116%| 107%]| 108%| 115%| 117%)| 114% 117%
Germany 98%)| 98%| 100%| 101%| 102%| 104%| 105%| 106%| 110%| 108%| 110%| 108%| 106%| 113% 113%
India 89%)| 89%| 87%| 87%| 87% 86%)] 82%| 89%| 88%| 89%| 87%| 86%| 93% 92% 91%
Japan 113%)| 112%| 113%| 112%| 113%| 115%| 115%| 117%)| 118%| 117%| 117%| 119%| 121%)| 120% 123%
Korea 75%)| 67%| 74%| 86%| 98%| 105%| 96%| 102%)| 109%| 105%| 107%| 109%| 112%| 107% 111%
Nordic countries 113%)] 113%| 113%)| 116%| 117%| 119%| 117%| 117%)| 116%| 120%| 118%| 121%| 121%)| 118% 118%
UK + Ireland 106%)] 109%| 108%| 112%| 112%| 108%| 110%| 108%) 108%| 108%| 107%| 108%| 111%)| 110% 112%
United States 104%)| 103%| 103%)| 103%| 103%| 104%| 104%| 105%)| 104%| 104%| 102%| 104%| 105%)| 105% 108%
Table 35 Benchmark indicators for gas (based on weighted average)

1990] 1991 1992] 1993] 1994] 1995] 1996] 1997] 1998 1999] 2000] 2001] 2002] 2003] 2004
Australia 96%)] 96%| 95%| 96%| 87% 92%)| 89%| 86%| 98%| 106%| 122%| 106%| 79% 88% 89%
China 92%| 91%| 91%| 89%| 88% 86%)] 76%| 98%| 99%| 104%| 106%| 106%| 109% 99% 98%
France 108%)| 106%| 106%| 112%| 108%| 125%| 114%| 99%)| 97%| 94%| 114%| 111%| 109%| 107% 105%
Germany 84%)| 81%| 78%| 78%| 73% 99%)| 89%| 89%| 95%| 91%| 97%| 90%| 88% 97% 103%
India 61%] 65%| 73%| 82%| 92% 94%]| 99%| 98%| 98%| 100%| 98%| 99%| 86% 92% 90%
Japan 112%| 111%| 111%)| 109%| 108%| 107%| 107%| 106%)| 107%| 106%| 105%| 104%| 104%| 101% 99%
Korea 106%)] 105%| 104%| 108%| 106%| 105%| 110%| 109%)| 115%| 114%]| 112%| 115%| 115%)| 114% 111%
Nordic countries 116%)| 116%| 114%| 111%| 106% 98%)| 105%| 99%)| 106%| 108%| 107%| 107%| 105%)| 104% 103%
UK + Ireland 106%)] 109%| 91%| 103%| 115%| 117%| 116%| 120%)| 120%| 119%]| 118%| 118%| 119%| 115% 113%
United States 97%| 98%| 98%| 98%| 98% 95%| 94%| 92%| 91%| 90%| 93%| 95%| 97% 97% 98%
Table 36 Benchmark indicators for oil (based on weighted average)

1990] 1991] 1992] 1993] 1994] 1995] 1996] 1997] 1998 1999] 2000] 2001] 2002] 2003[ _ 2004
Australia 94%| 95%| 87%| 97%| 93% 84%)| 82%| 87%| 77%| 102%| 98%| 100%| 108% 90% 109%
China 87%] 86%| 85%| 88%| 86% 88%)| 87%| 87%| 89%| 89%| 89%| 88%| 87% 87% 89%
France 97%] 99%| 98%| 96%| 91% 93%] 92%| 96%| 94%| 88%| 95%| 78%| 83% 83% 120%
Germany 71%| 77%| 75%| 68%| 66% 72%|  77%| 78%| 83%| 83%| 60%| 71%| 111%| 119% 97%
India T7%| 78%| 77%| 78%| 76% 78%| T77%| 78%| 80%| 79%| 86%| 99%| 96% 90% 91%
Japan 112%)| 112%| 111%)| 112%| 110%| 112%| 111%| 114%)| 116%| 117%| 119%| 120%| 118%)| 120% 121%
Korea 98%)| 101%| 104%| 111%| 116%| 105%| 114%| 102%)| 107%| 106%| 103%| 105%| 101%)| 103% 105%
Nordic countries 98%)| 96%| 101%)| 102%| 106%| 106%| 103%| 107%)| 97%| 103%| 104%| 101%| 104%| 117% 98%
UK + Ireland 104%)] 98%| 99%| 98%| 82% 88%)] 89%| 94%| 101%| 97%| 92%| 88%| 83% 85% 88%
United States 92%| 93%| 91%| 93%| 91% 91%| 91%| 94%| 95%| 93%| 93%| 94%| 93% 95% 95%
Table 37 Benchmark indicators for fossil (based on weighted average)

1990] 1991] 1992] 1993] 1994 1995] 1996] 1997] 1998] 1999] 2000] 2001] 2002] 2003] 2004

Australia 100%| 100%| 99%] 100%| 99%| 100%[ 100%| 97%| 95%| 94%| 96%| 100%| 96%| 99%| 103%
China 89%| 90%| 91%| 92%| 92%| 90%| 92%| 89%| 89%| 93%| 95%| 91%| 90%| 90%| 88%
France 110%] 113%| 117%] 107%| 109%| 107%| 113%| 106%]| 112%| 105%] 108%| 110%| 112%| 109%| 114%
Germany 96%| 96%| 98%| 99%| 99%| 103%[ 103%| 104%| 108%| 105%] 108%| 106%| 103%[ 111%| 111%
India 87%| 87%| 86%| 87%| 87%| 87%| 83%| 89%| 89%| 89%| 88%| 88%| 92%| 92%| 91%
Japan 112%]| 112%| 112%] 111%| 110%| 111%[ 111%| 112%[ 113%| 112%] 112%| 112%| 113%[ 112%| 112%
Korea 93%| 94%| 98%]| 103%| 108%| 105%| 106%| 104%| 110%| 107%] 108%| 110%| 111%[ 108%| 110%
Nordic countries | 113%| 113%]| 112%| 115%]| 115%| 115%| 114%| 113%| 112%| 115%| 113%]| 115%| 115%] 114%| 113%
UK + Ireland 106%] 108%| 106%] 110%| 110%| 109%[ 111%| 113%[ 113%| 113%] 112%| 112%| 114%[ 112%| 112%
United States 102%[ 102%| 102%] 102%| 101%| 103%[ 102%| 103%[ 102%| 101%] 100%| 102%| 103%[ 103%| 105%




ECOFYS

Appendix 11l: Revisions in IEA Energy
Balances 200772006 versus 2005 edition

A number of changes in the historic time series are present when comparision IEA
Energy Balances edition 2007 for OECD countries and edition 2006 for non-OECD
countries to the Energy Balances edition 2005, that is used in the previous analysis.
The table below gives an overview of the revisions larger than 0.5% for the years
1990-2003. The figures represent the data from edition 2007 or 2006 divided by the
data in edition 2005. When present an explanation for the revision is included as is
given in the notes complementary to the 2007 edition of Energy Balances.
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Country |Fuel |Data 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 |Extract from notes edition 2007
Input 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 106% | 105% | 106% | 107% | 100% | 100% [ 100% |For the 2002 data, the Australian Administration started to
Australia |Coal use a new survey methodology which caused shifts in the
Efficiency 100% | 100% | 100% | 100% ]| 100% | 100% | 100% | 95% | 95% | 94% | 94% [ 100% | 100% | 100% |structure of industry consumption.
China Coal Input 100% [ 100% | 100% | 100% ] 100% | 100% | 100% | 100% ] 100% | 100% | 100% | 105% | 108% | 107%
Efficiency 100% [ 100% | 100% | 100% ]| 100% | 100% | 100% | 100% ] 100% | 100% | 100% | 95% 93% 93% |Coal calorific values have been revised.
Input CHP | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 101% | 101% | 101% | 101% | 100%
Coal Output CHP| 100% | 100% | 101% ] 100% | 99% | 100% | 100% [ 100% ] 100% | 100% | 100% | 100% | 100% | 100%
Heat CHP 97% | 96% | 96% | 96% | 98% | 100% [ 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Denmark Efficiency 100% | 100% | 100% | 100% | 99% | 100% | 100% | 100% | 100% | 100% | 99% [ 99% | 99% | 100%
Output 100% | 100% | 100% | 100% | 99% | 100% | 100% | 100% | 100% | 101% | 100% | 100% | 100% | 100%
oil Output CHP| 85% | 85% | 85% | 87% | 117% | 30% | 19% [ 11% | 22% | 16% 9% 15% | 30% | 89%
Heat CHP | 287% | 288% | 287% | 285% | 131% | 94% | 81% | 72% | 78% | 63% | 46% | 73% | 78% | 99%
Efficiency 98% | 98% | 98% | 99% | 117% | 103% [ 100% | 100% | 100% | 99% | 99% | 99% | 99% | 100%
Input 100% [ 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 107% | 100% | 100% | 100% | 99%
Coal |Output 100% | 100% | 100% | 100% ]| 100% | 113% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Efficiency 100% [ 100% | 100% | 100% | 100% | 105% | 100% | 100% | 100% | 97% | 100% | 100% | 100% | 101% ]A new survey system and a reclassification of the data lead
Finland Input 100% | 100% | 100% | 100% ] 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 96% ]to breaks in the time series between 1999 and 2000 for
Gas Input CHP | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 99% |most products and sectors. The new survey system is more
Heat CHP | 100% | 100% | 100% ] 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 108% |detailed and has better product coverage, especially in
Efficiency 100% [ 100% | 100% | 100% ] 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 103% [electricity, CHP and heat production, as well as in industry.
Input 100% [ 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 92% 85% 87% 87%
Coal |Output 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% ]| 100% | 95% [ 97% | 96% | 97%
Efficiency 100% [ 100% | 100% | 100% ] 100% | 100% | 100% | 100% ] 100% | 100% | 103% | 112% | 111% | 112%
France Input 100% | 100% | 100% | 100% ]| 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 100% | 100% | 98%
Oil  |Output 100% | 100% | 100% | 100% ] 100% | 100% | 100% | 100% | 100% | 100% | 160% | 135% | 138% | 132%
Efficiency 100% | 100% | 100% | 100% ] 100% | 100% | 100% | 100% | 100% | 100% | 200% | 183% | 176% | 161%
Gas Input 100% | 100% | 100% | 100% | 100% | 100% [ 100% | 100% | 100% | 100% |#DIV/0!{#DIV/0!|#DIV/0!|#DIV/0![Due to a new survey, in the 2007 edition the French
Output 100% | 100% | 100% | 100% ]| 100% | 100% | 100% | 100% | 100% | 100% | 26% [#DIV/0!|#DIV/0!|#DIV/0!]Administration has revised the data back to 2000.
Input 100% | 100% | 100% | 100% ] 100% | 100% | 100% | 100% | 100% ] 100% | 100% | 100% | 99% | 99%
Coal Input CHP | 100% | 100% | 100% | 99% | 99% | 99% | 99% | 99% | 99% | 100% | 100% | 100% | 99% | 100%
Heat CHP | 100% | 100% | 100% | 99% | 99% | 99% | 99% | 99% | 100% | 100% | 100% | 99% | 99% | 99%
Efficiency 100% | 100% | 100% | 100% ]| 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 101% | 101%
Germany Input CHP | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 36% | 34%
Oil  |Output 100% | 100% | 100% | 100% ] 100% | 100% | 100% | 100% | 100% | 100% | 100% { 99% | 99% | 100%
Efficiency 100% | 100% | 100% | 100% ]| 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 133% | 135%
Output 100% [ 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 101% | 44% |A new reporting system leads to break in series between
Gas |Heat CHP | 100% | 100% | 100% ] 100% | 100% | 100% | 100% | 100% ] 100% | 100% [ 100% | 75% | 75% | 77% |2002 and 2003. The German Administration is undertaking
Efficiency 100% | 100% | 100% | 100% ]| 100% | 100% | 100% | 100% | 100% | 100% | 100% | 96% | 96% | 102% |the reconciliation of historical data.
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Country |Fuel |Data 1990 | 1991 | 1992 | 1993 [ 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 [Extract from notes edition 2007
Input 98% 98% 98% 98% 98% 98% 98% 99% 99% 99% 99% 99% 99% 99%
Coal [Output 100% | 100% | 100% | 100% | 100% | 100% | 100% | 101% [ 102% | 104% | 102% | 100% | 102% | 102%
Efficiency 102% | 102% | 102% | 102% | 103% | 102% | 102% | 103% [ 104% | 106% | 103% | 102% | 103% | 103%
india Input 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 100% | 100% | 128% | 123% | 127% | 129%
Oil  [Output 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 100% | 100% | 139% | 155% | 157% | 149%
Efficiency 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 100% | 100% | 109% | 126% | 124% | 115%
Gas Output 100% | 100% | 100% | 100% | 100% | 100% | 100% | 92% 82% 73% 73% 80% 72% 78%
Efficiency 100% | 100% | 100% | 100% | 100% | 100% | 100% | 92% 82% 73% 73% 80% 72% 78%
Coal Input 97% | 100% | 101% | 101% | 101% | 101% | 101% | 100% | 101% | 100% | 100% | 100% | 100% | 100%
Efficiency 103% | 100% | 99% 99% 99% 99% 99% | 100% | 99% | 100% | 100% | 100% | 100% | 100%
reland ol Input 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 100% | 100% | 100% | 100% | 96% | 105%
Efficiency 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 104% | 95%
Gas Output 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 100% | 100% | 100% | 100% | 99% 99%
Efficiency 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 100% | 100% | 100% | 100% | 99% 99%
Input 97% 99% 99% 99% | 101% | 101% | 101% | 101% | 101% | 100% | 99% 99% 98% 98% _|For the fourth consecutive year, the IEA has received
Coal [Output 97% 98% 98% 98% 100% | 99% 100% | 99% 100% | 99% 98% 98% 98% 98% |revisions from the Japanese Administration. For the
Efficiency 100% | 99% 99% 99% 99% 99% 99% 99% 98% 99% 99% 99% | 100% | 100% |[2006 edition, the IEA has received revisions to the coal
Input 95% | 95% | 96% [ 96% [ 96% | 96% | 97% | 97% | 97% | 97% | 99% | 98% | 98% | 98% |and oil data which have a significant impact on both
Japan Oil  [Output 100% | 99% | 99% | 99% | 99% | 99% 99% | 99% | 99% | 99% | 100% | 99% | 100% | 100% [the energy data and the CO2 emissions. Many
Efficiency 102% | 102% | 102% | 101% | 101% | 101% | 101% | 101% | 101% | 101% | 101% | 101% ] 101% | 101% |revisions were incorporated in the 2006 edition, but
Input 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 100% | 100% | 100% | 100% | 99% 99% [some further revisions to the time series especially in
Gas [Output 102% | 102% | 102% | 102% | 101% | 101% | 101% | 101% | 101% | 101% | 102% [ 102% | 101% | 102% [industry and other sectors) were submitted the 2007
Efficiency 102% | 102% | 102% | 102% | 101% | 101% | 101% | 101% | 101% | 101% | 101% | 101% | 102% | 102% |edition.
Input 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 100% | 100% | 100% | 100% | 102% | 101% Data for 2002 have been reported on a different basis,
causing breaks in series between 2001 and 2002,
especially for inputs and outputs to electricity
Korea Coal generation and consumption in the iron and steel
industry. The Korean Administration is planning to
revise the historical series as time and resources
Efficiency 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 100% | 100% | 100% | 100% | 98% 99% |permit.
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Country |Fuel |Data 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 [ 2001 [ 2002 | 2003 |Extract from notes edition 2007
Output 38% | 48% | 51% | 46% [ 47% | 42% 50% | 45% | 41% | 42% | 62% | 45% | 100% | 100%
Norway |Coal [Output CHP| 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 120%
Efficiency 57% 69% | 73% | 66% | 70% | 72% 71% | 70% | 65% | 65% | 82% 64% | 100% | 105%
Input 73% | 107% | 92% | 100% [ 100% ]| 100% | 11% |#DIV/O!|#DIV/0!{#DIV/0!|#DIV/0!|#DIV/0!|#DIV/0!{#DIV/O!
Input CHP | 100% | 109% | 100% | 100% | 100% | 100% | 100% | 102% | 103% | 104% | 104% | 103% | 103% | 99%
Coal Output 68% | 105% | 98% [ 100% [ 100% ]| 100% | 12% |#DIV/O![{#DIV/0!{#DIV/0!|#DIV/0!|#DIV/0!|#DIV/0!{#DIV/0!
Output CHP| 89% | 100% ] 100% | 100% | 100% | 100% | 101% | 104% | 104% | 108% | 110% | 107% | 105% [ 104%
Heat CHP | 103% | 104% | 100% | 101% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 102% | 99%
Efficiency 94% 93% | 100% | 100% | 100% | 100% | 100% | 101% | 101% | 102% | 103% | 103% | 101% | 105%
Input 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 105% | 94% | 99% | 76%
Sweden Input CHP | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 95% | 100% | 97%
oil Output 45% 96% | 100% | 100% | 100% | 100% | 101% ] 100% | 100% | 11% | 100% | 100% | 100% | 98%
Output CHP| 164% | 101% | 100% | 101% | 100% | 100% | 99% | 95% | 93% | 107% | 78% 79% | 88% | 95%
Heat CHP | 110% | 95% | 100% | 99% | 100% | 100% | 100% | 99% | 100% | 100% | 100% | 100% | 96% | 99%
Efficiency 129% | 99% | 100% | 100% | 100% | 100% | 100% | 96% | 95% | 90% | 82% 88% | 93% | 105%
Input CHP | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 114%
Gas Output CHP| 100% | 100% ] 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% [ 135%
Heat CHP | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 132%
Efficiency 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% ] 100% | 118%
Coal Input 100% | 100% | 100% | 100% | 100% | 100% | 103% | 102% | 100% | 100% | 100% | 100% ]| 100% | 100%
Efficiency 100% | 100% | 100% | 100% | 100% | 100% | 97% | 98% | 100% | 100% | 100% | 100% ]| 100% | 101%
UK Input 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% ] 100% | 466%
Oil  |Output 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 103% | 108% ]| 103% | 102%
Efficiency 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 103% | 108% | 103% | 22%
Input 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% ] 100% | 111%
us oil Input CHP | #DIV/0!{#DIV/0!|#DIV/0!| #DIV/0!| #DIV/0!| #DIV/0!{ #DIV/0!| #DIV/0!| #DIV/0!| 100% | 100% | 100% | 100% | 184%
Heat CHP |#DIV/0!| 100% ] 100% | 100% | 100% | 100% | 100% ] 100% | 100% | 100% | 100% | 100% | 96% | 90%
Efficiency 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 89%
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Appendix IV: IEA definitions3®

Coal and coal products

Coal includes all coal, both primary (including hard coal and 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.

Crude, NGL and Feedstocks

Crude oil comprises crude oil, natural gas liquids, refinery feedstocks, and additives
as well as other hydrocarbons (including emulsified oils, synthetic crude oil, min-
eral oils extracted from bituminous minerals such as oil shale, bituminous sand,
etc., and oils from coal liquefaction).

Petroleum products

Petroleum products comprise refinery gas, ethane, LPG, aviation gasoline, motor
gasoline, jet fuels, kerosene, gas/diesel oil, heavy fuel oil, naphtha, white spirit, lu-
bricants, bitumen, paraffin waxes, petroleum coke and other petroleum products.

Natural Gas
Gas includes natural gas (excluding natural gas liquids) and gas works gas. The lat-
ter appears as a positive figure in the "gas works" row but is not part of production.

Public power supply

Public supply undertakings generate electricity and/or heat for sale to third parties,
as their primary activity. They may be privately or publicly owned. Note that the
sale need not take place through the public grid.

Electricity generated shows the total number of TWh®’ generated by thermal power
plants separated into electricity plants and CHP plants, as well as production by nu-
clear and hydro (excluding pumped storage production), geothermal, etc. (see,
however, the notes on Rows 9 and 10). Electricity produced from crude oil and
NGL is included in the petroleum products column.

36 Taken from IEA (2004)
37 Gross electricity produced (including power stations' own consumption).



