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1 Motivation

National energy systems span a wide range of characteristic features, as their relationship to economic activity, their supply structure and the inherent dynamics.

This paper attempts to describe the structures and dynamics of twenty national energy systems in a comparative perspective with the following aims in mind:
· The characteristic differences of various national energy systems should become easily understandable.
· The descriptive approach used should serve in a later stage as a methodology for modeling specific energy policies in the various energy systems.

Based on the Energy Balances of the International Energy Agency we built a comparable database for 20 countries, including most economies of Western Europe, four Central European economies that went under transition in the nineties, and as a reference the energy systems of Japan and the United States. The time period used for this analysis is 1980 to 2003.
The result is a set of indicators that reveal in graphical representation the following characteristics of national energy systems:

· the structure of energy demand in terms of final energy consumption both by fuel types and by sectors,
· the structure of energy supply in terms of primary energy supply by fuel,

· the dynamics of energy demand and supply in terms of comparable index values and rates of change, and

· the relationship between energy demand and economic activity in terms of time-varying elasticities both for total energy and electricity demand.

Section 2 explains the descriptive framework used. We discuss in section 3 structural profiles and in section 4 country profiles of the national energy systems. Finally we present in an Appendix for each country a concise graphical representation of the characteristic indicators as a quick source of reference.
The descriptive framework
We explain in this section the analytical framework that was developed for providing a set of indicators that serve both for a comparative analysis of the national energy systems and as building blocks for a modeling exercise at a later stage. In the Appendix these indicators are presented as graphs for 20 countries.
1.1 The structure of energy demand and supply
Starting point is the structure for demand and supply for energy as described by the shares of fuels both in final energy consumption and primary energy supply. As indicated in Figure 1 we split the totals into the following fuel types for final energy consumption
co
coal and coal products
op
oil products
ga
gas
ht
heat
el
electricity

and the following fuel types for primary energy supply
co
coal and coal products
ot
oil and oil products
ga
gas
ht
heat
el
electricity

Figure 1
Energy demand and supply by fuels (Austria)
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In addition the structure of energy demand is also analyzed, as demonstrated in Figure 2, by the following sectors

fn
non-energetic use
fo
other sectors
fi
industry
ft
transport

Figure 2
Energy demand by sectors (Austria)
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We describe the dynamics of energy demand both for the breakdown in sectors and fuel types by indexing the variables at value 100 for 1990 (for the Czech Republic, Hungary, Poland and the Slovak Republic because of limited data availability the year 1993 is used). This information is visible in Figure 2 and Figure 3. As a reference serves the indexed series for GDP. Thus we realize immediately if an energy series moves with higher or lower dynamics compared to GDP.
Figure 3
Energy demand by fuels (Austria)
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1.2 Energy elasticities and intensities

We give now a closer look to the drivers of energy demand by calculating three corresponding indicators that can be easily compared over the countries analyzed. We provide these indicators both for total energy demand and for electricity because of the specific characteristics of type of energy.
First we calculate the percentage rates of change and smooth this series by applying a fading memory filter. The results are presented in the right graph in Figure 4 and reveal for Austria the tendency of an increasing total energy demand that is currently above 2 percent per year and an even higher increase of electricity that was during the nineties close to 2 percent but shows a pronounced increase after 2000.

Figure 4
Rates of change of total energy and electricity demand (Austria)
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Next we calculate from the ratio of rates of change of energy and GDP the elasticities of energy demand with respect to economic activity. Using again the smoothed series we obtain time-varying elasticities for total energy demand and electricity as indicated in the left panel of Figure 5. In the case of Austria we observe an increase of this elasticity from negative values in the eighties up to 1 on 2003. this means that the energy system of Austria has moved from a fully decoupling of energy and GDP to a fully coupled state. Looking at the demand elasticity for electricity we realize elasticities above one over most of the sample period with lows during the nineties.
Finally we calculate as shown in the right panel of Figure 5 the energy intensities with respect to GDP both for total energy demand and electricity as indices normalized at 1990 (or 1993 for the Czech Republic, Hungary, Poland and the Slovak Republic).
Figure 5
Energy demand and supply by fuels (Austria)
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2 Structural profiles

We discuss in this section the structure of national energy systems as to their profiles of demand, supply, and their relationship to economic activity.
2.1 Demand structure
The demand structure of an energy system can be characterized by the shares of the fossile fuels coal and oil products and gas in addition to heat an electricity as indicated in Table 1.
While with the exception of Finland and Sweden all countries still exhibit more than 50% of fossil fuels in final energy consumption, there are major differences, above all in the use of heat. While in Finland, Sweden and Poland heat accounts for more than 20% of final energy consumption this share is less than 5% in Belgium,, Greece, Italy, Netherlands, Spain, United Kingdom, Japan and USA. The share of heat is an indicator of the thermodynamic efficiency of energy conversion for electricity. Thus low shares of heat typically indicate major losses both in terms of the First and the Second Law of thermodynamics.
Another revealing structural indicator is the share of electricity which ranges in our set of countries from 14,2% for Hungary and Poland to 31,2% in Sweden. Together with high electricity shares above 20% as in Finland, France, Switzerland and Japan these countries are joined by their use of nuclear energy.
Table 1:
Demand structure
[image: image11.emf]Coal

products

Oil

prodcts 

Gas Heat

Elec-

tricity

Austria 3,7 46,7 16,4 14,5 18,6

Belgium 4,2 52,9 24,6 2,3 16,1

Denmark 1,4 48,5 11,2 20,8 18,2

Finland 3,5 34,3 3,1 32,6 26,5

France 2,1 51,2 20,3 6,1 20,3

Germany 3,8 47,9 24,8 5,7 17,8

Greece 2,8 70,7 2,4 4,8 19,4

Italy 2,0 48,8 29,9 1,3 18,0

Netherlands 1,1 43,1 37,6 4,3 13,9

Portugal 0,7 62,7 5,8 13,0 17,8

Spain 1,6 60,1 15,8 3,9 18,7

Sweden 2,2 39,4 1,5 25,7 31,2

United Kingdom 1,5 46,6 32,3 1,5 18,1

Switzerland 0,6 59,8 11,1 6,4 22,0

Czech Republic 14,3 31,6 23,8 13,3 17,0

Hungary 3,5 30,1 40,7 11,5 14,2

Poland 18,4 31,5 15,1 20,8 14,2

Slovak Republic 10,8 25,4 34,6 11,6 17,5

Japan 6,9 61,5 7,0 1,8 22,7

United States 2,0 54,0 21,9 3,0 19,0

Shares in percent


2.2 Supply structure

The supply structure of national energy systems is revealed by the shares of the fossil fuels coal, oil products and gas in addition to nuclear energy and renewables. The distinguishing features in the supply profiles are the use of nuclear energy and of renewables. All countries in the sample are still above the 50% limit for fossil fuels.
Nuclear energy has shares above 20% in primary energy supply in Belgium, France, Sweden and the Slovak Republic. No or negligible shares of nuclear are associated with Austria, Denmark, Greece, Italy, Netherlands, Portugal and Poland.

Table 2:
Supply structure
[image: image12.emf]Coal &

products
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Gas Nuclear

Rene-

wables

Austria 11,8 42,3 22,4 0,0 20,6

Belgium 9,9 41,5 24,1 20,7 2,0

Denmark 28,3 41,8 23,3 0,0 13,9

Finland 21,7 28,3 10,8 15,6 21,5

France 5,4 34,3 14,8 43,3 6,5

Germany 24,5 36,5 22,8 12,4 3,8

Greece 29,6 57,2 6,7 0,0 5,3

Italy 8,0 47,1 34,2 0,0 5,9

Netherlands 10,6 38,3 43,7 1,3 2,5

Portugal 12,6 58,7 10,1 0,0 16,7

Spain 14,8 50,7 15,7 11,8 6,9

Sweden 5,1 29,7 1,7 33,6 25,7

United Kingdom 16,5 35,1 37,0 10,0 1,4

Switzerland 0,5 46,9 9,8 26,8 18,0

Czech Republic 48,8 20,5 18,4 15,8 3,0

Hungary 13,9 23,4 44,1 10,7 3,4

Poland 62,1 21,8 12,1 0,0 5,8

Slovak Republic 24,9 17,1 30,9 25,7 3,6

Japan 20,8 49,7 13,7 12,1 3,7

United States 23,3 40,4 22,8 9,0 4,5

Shares in percent


2.3 Economic activity and energy demand

In Table 3 we summarize a few indicators about the relationship between economic activity as measures by GDP and final energy consumption.
Comparing the index values for GDP and final energy consumption we realize pronounced differences between 1990 and 2003, the currently latest available data. A number of countries could achieve their economic by considerably lower increase or even declines in final energy consumption. These are Denmark, Germany, all Central and Eastern European countries that underwent the transition in the early nineties, but also the USA. Only in a few countries energy growth exceeded significantly GDP growth. This happened in Austria, Portugal, Spain and Japan.

This pictures is somewhat different if we single out demand for electricity and its relation to GDP. Again in Denmark, Germany, all Central and Eastern European countries but also USA electricity growth was much lower than GDP growth. Much more countries experienced, however, increases of electricity demand that were higher than GDP growth. In addition to Austria, Portugal, Spain and Japan this was also true for Belgium, Finland, France, Greece, Italy and Japan.
Even more revealing is a look at the demand elasticities for total and electricity energy consumption with respect to GDP. Table 3 reports these time-varying elasticities for the year 2003. For total energy a number of countries have now GDP elasticities that are close to zero or even negative, than means they were able to decouple economic activity from energy use. These countries encompass Denmark, Germany, Sweden and the former transition economies. On the other hand high elasticity above 1 are identified for Austria, Portugal and Spain.
Again the current GDP elasticities are higher for electricity. On the high end we observe elasticites of 1,5 and more for Austria, Greece, Portugal and Spain. Remarkable low GDP elasticities smaller or equal to 0,7 can be traced for Denmark, Sweden, United Kingdom, the former transition economies and the United States.

Table 3:
GDP and energy demand – indices and elasticities
[image: image13.emf]Total Electricity Total Electricity

Austria 132,8 139,4 143,7 1,1 1,5

Belgium 127,5 128,5 137,5 0,5 1,2

Denmark 129,0 110,4 114,4 -0,1 0,7

Finland 127,3 115,5 137,2 0,5 1,1

France 125,2 117,7 135,3 0,4 1,3

Germany 121,8 99,3 111,9 -0,1 0,8

Greece 142,7 139,6 170,7 1,1 1,6

Italy 120,1 118,3 135,8 0,8 1,6

Netherlands 134,7 121,7 136,7 0,5 1,0

Portugal 132,7 149,0 183,3 1,5 2,2

Spain 140,4 160,3 173,2 1,2 1,6

Sweden 127,8 111,4 107,8 0,0 0,6

United Kingdom 135,2 110,5 123,0 0,2 0,6

Switzerland 112,1 109,8 117,4 0,6 1,4

Czech Republic* 128,2 98,0 121,8 -0,3 0,6

Hungary* 140,9 110,9 115,4 0,1 0,4

Poland* 153,7 91,1 114,0 -0,2 0,2

Slovak Republic* 152,8 109,8 113,5 -0,1 0,2

Japan 116,6 121,2 124,6 0,8 1,1

United States 146,0 120,2 131,9 0,3 0,7

Final energy consumption

GDP

Index 1990 = 100 Elasticities


3 Appendix

This appendix summarizes the structural indicators for the energy systems of the following countries:
Austria
Belgium
Denmark
Finland
France
Germany
Greece
Italy
Netherlands
Portugal
Spain
Sweden
United Kingdom
Switzerland
Czech Republic
Hungary
Poland
Slovak Republic
Japan
United States
	
	Austria

	[image: image14.emf]Final energy consumption by fuel 

0%

20%

40%

60%

80%

100%

1980 1985 1990 1995 2000

Share

co

op

ga

ht

el

Final energy consumption by sector

0%

20%

40%

60%

80%

100%

1980 1985 1990 1995 2000

Share

fn

fo

fi

ft

Final energy consumption by fuel 

0

50

100

150

200

1980 1985 1990 1995 2000

Index 1990=100

el

ga

op

co

gdp

Final energy consumption by sector 

0

50

100

150

200

1980 1985 1990 1995 2000

Index 1990=100

ft

fi

fo

gdp


	[image: image15.emf]Final energy consumption: Elasticity

-1

0

1

2

1980 1985 1990 1995 2000

Elasticity

f-el

f

Final energy consumption: Intensity 

80

100

120

140

1980 1985 1990 1995 2000

Index 1990=100

f_el

f

Final energy consumption: %-change 

-2

0

2

4

6

1980 1985 1990 1995 2000

%-change

f-el

f

Primary energy supply by fuel 

0%

20%

40%

60%

80%

100%

1980 1985 1990 1995 2000

Share

co

ot

ga

nu

rt




	
	


	
	Belgium
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	Denmark
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	Finland
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	France
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	Germany
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	Greece
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	Italy
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	Netherlands
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	Portugal
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	Spain
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	Sweden
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	[image: image37.emf]Final energy consumption: Elasticity

-1

0

1

2

1980 1985 1990 1995 2000

Elasticity

f-el

f

Final energy consumption: Intensity 

80

100

120

140

1980 1985 1990 1995 2000

Index 1990=100

f_el

f

Final energy consumption: %-change 

-2

0

2

4

6

1980 1985 1990 1995 2000

%-change

f-el

f

Primary energy supply by fuel 

0%

20%

40%

60%

80%

100%

1980 1985 1990 1995 2000

Share

co

ot

ga

nu

rt




	
	


	
	United Kingdom
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	Switzerland
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	Czech Republic

	[image: image42.emf]Final energy consumption by fuel 

0%

20%

40%

60%

80%

100%

1980 1985 1990 1995 2000

Share

co

op

ga

ht

el

Final energy consumption by sector

0%

20%

40%

60%

80%

100%

1980 1985 1990 1995 2000

Share

fn

fo

fi

ft

Final energy consumption by fuel 

0

50

100

150

200

1980 1985 1990 1995 2000

Index 1993

=100

el

ga

op

co

gdp

Final energy consumption by sector 

0

50

100

150

200

1980 1985 1990 1995 2000

Index 1993=100

ft

fi

fo

gdp


	[image: image43.emf]Final energy consumption: Elasticity
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	Hungary
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	[image: image45.emf]Final energy consumption: Elasticity
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	Poland
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	[image: image47.emf]Final energy consumption: Elasticity
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	Slovak Republic
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	[image: image49.emf]Final energy consumption: Elasticity
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	Japan
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	[image: image51.emf]Final energy consumption: Elasticity
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	United States
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