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Since the EU has decided to increase to 21% the share of renewable energies in the production of electricity, the questions of the efficiency of this increase with respect to CO2 emissions and of the cost of this program arise. Answers to these questions are, usually, given using prospective rather than factual arguments.


Denmark is an example of a country which has embarked courageously, efficiently and massively in energy savings and has invested on a large scale in “new” renewable energies (at first wind, more lately biomass) development as soon as 1980.

Denmark  finances its energy program by applying high prices to electricity (Carbon tax). This makes it easy to have an idea of the cost of this program.

On the other hand Sweden and France produce their electricity with almost no fossil fuel, using essentially Nuclear and Hydro (an “old” and not so popular renewable energy) electricity. They can serve as references for low emission electricity production. In the following we give some elements for this comparison based upon the data of the International Energy Agency (IEA) for year 2000.

The first table shows the very different structure of electricity production in Denmark and France. The main fuel used in Denmark for electricity production is coal. After the oil crisis Denmark decided to decrease as much as possible its dependence on oil and relied on coal plants. More recently it developed the use of the North Sea gas. It is mostly celebrated for its development of wind energy, which, however represents only 8% of its electricity production. More recently, because of the difficulties related to the intermittent nature of wind, the development of biomass has been strongly pushed forward.

After the oil crisis, France decided a very strong nuclear program. Coal plants are still used for semi-peak periods, and hydro for peak and semi-peak periods. Sweden relies essentially on Nuclear and Hydro power (about 45-45). Note, however that long draughts periods may reduce the possible output of hydro and that the legal obligation to go out of nuclear power may change the picture in the future.
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Tableau 1 

Comparison of the electricity production structure in Denmark and France

Table 2 shows the consequences of the different choices of Denmark, France and Sweden.
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Tableau 2 

Comparison of gross energy structure characteristics in Denmark, France and Sweden. 

TPES=Total Primary Energy Supply

Line 2 of the table demonstrates that  Danes consume 17% less energy par capita than French who benefit from a  milder climate. However, despite this success, Denmark emits 50 % more CO2 per capita than France and 60 % more than Sweden. This disappointing result is due to a much higher emission of CO2 per energy unit consumed: 75% more than France and 135 % more than Sweden! This large emission of CO2 is, clearly, related to the extended use of fossil fuels for electricity production, especially coal. Denmark tries to reduce further its CO2 emissions by developing Wind and Biomass electricity. The cost of this development and energy savings is covered by high electricity prices as seen on line 5 and 6. As compared to France, the cost of electricity for industries is 65 % more expansive, and that of electricity for private homes 90 % more expansive. Assuming (my own estimate in absence of more precise values) 25% contribution of private homes in electricity consumption it is possible to estimate the annual cost of the Danish policy of reduction of CO2 emissions: about 1,4 billion dollars. In three years this extra cost would have allowed to build 2 nuclear plants whose production would cover half the Danish electricity consumption without CO2 production, while the contribution of renewable energies, after a 20 years program is only 12%. Note that the cost for Denmark of reducing CO2 emissions is even higher since the cost of electricity in France and Sweden includes a part for the amortization of nuclear reactors.

In conclusion the Danish example should be meditated upon by those who expect that mitigation of CO2 emission is possible without nuclear power. Otherwise we will pay an extraordinary price for irrational fears. 
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				DK		FR		SW

		Agregates

		Pop(million)		5.34		60.43		8.87

		GDP(billion $95)		206.08		1755.62		277.94

		GDP(PPP,billion $95)		137.17		1356.48		203.80

		TPES(Mtoe)		19.46		257.13		47.48

		Elec.(TWh)		34.61		441.25		138.91

		CO2 (MtCO2)		50.09		373.26		51.99

		Cost industry kWh ($/kWh)		0.060		0.036		0.034

		Cost domestic kWh ($/kWh)		0.195		0.102		0.103

		Share domestic/total(estimate)		0.25		0.25		0.25

		Excess cost(ref. FR)G$		1.43		nc		nc

		Share  in electricity production

		Coal		51.60		6.2

		Oil		12.50		2.00

		Gas		23.50		1.40

		Nuclear		0.00		75.80

		Hydro		0.10		13.90

		Wind+Photo		7.80		0.10

		Biomass		4.50		0.60

		Values per capita

		GDP/cap k$		38.59		29.05		31.33

		GDP(PPP)/cap k$		25.69		22.45		22.98

		TPES/cap toe		3.64		4.26		5.35

		CO2/cap tCO2		9.38		6.18		5.86

		CO2/toe		2.57		1.45		1.09





Feuil2

		Values per capita

				DK		FR		SW

		GDP(PPP)/cap k$		25.69		22.45		22.98

		TPES/cap toe		3.64		4.26		5.35

		CO2/cap tCO2		9.38		6.18		5.86

		CO2/toe		2.57		1.45		1.09

		Cost of program

		Cost industry kWh ($/kWh)		0.060		0.036		0.034

		Cost domestic kWh ($/kWh)		0.195		0.102		0.103

		Share domestic/total(estimate)		0.25		0.25		0.25

		Excess cost(ref. FR)G$		1.43		na		na

		Agregates

		Pop(million)		5.34		60.43		8.87

		GDP(PPP,billion $95)		137.17		1356.48		203.80

		TPES(Mtoe)		19.46		257.13		47.48

		Elec.(TWh)		34.61		441.25		138.91

		CO2 (MtCO2)		50.09		373.26		51.99
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		Share  in electricity production

				DK		FR

		Coal		51.6		6.2

		Oil		12.5		2

		Gas		23.5		1.4

		Nuclear		0		75.8

		Hydro		0.1		13.9

		Wind+Photo		7.8		0.1

		Biomass		4.5		0.6
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				DK		FR		SW

		Agregates

		Pop(million)		5.34		60.43		8.87

		GDP(billion $95)		206.08		1755.62		277.94

		GDP(PPP,billion $95)		137.17		1356.48		203.80

		TPES(Mtoe)		19.46		257.13		47.48

		Elec.(TWh)		34.61		441.25		138.91

		CO2 (MtCO2)		50.09		373.26		51.99

		Cost industry kWh ($/kWh)		0.060		0.036		0.034

		Cost domestic kWh ($/kWh)		0.195		0.102		0.103

		Share domestic/total(estimate)		0.25		0.25		0.25

		Excess cost(ref. FR)G$		1.43		nc		nc

		Share  in electricity production

		Coal		51.60		6.2

		Oil		12.50		2.00

		Gas		23.50		1.40

		Nuclear		0.00		75.80

		Hydro		0.10		13.90

		Wind+Photo		7.80		0.10

		Biomass		4.50		0.60

		Values per capita

		GDP/cap k$		38.59		29.05		31.33

		GDP(PPP)/cap k$		25.69		22.45		22.98

		TPES/cap toe		3.64		4.26		5.35

		CO2/cap tCO2		9.38		6.18		5.86

		CO2/toe		2.57		1.45		1.09
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				Values per capita

						DK		FR		SW

		1		GDP(PPP)/cap k$		25.69		22.45		22.98

		2		TPES/cap toe		3.64		4.26		5.35

		3		CO2/cap tCO2		9.38		6.18		5.86

		4		CO2/toe		2.57		1.45		1.09

				Cost of program

		5		Cost industry kWh ($/kWh)		0.060		0.036		0.034

		6		Cost domestic kWh ($/kWh)		0.195		0.102		0.103

		7		Share domestic/total(estimate)		0.25		0.25		0.25

		8		Excess cost(ref. FR)G$		1.43		na		na

				Agregates

		9		Pop(million)		5.34		60.43		8.87

		10		GDP(PPP,billion $95)		137.17		1356.48		203.80

		11		TPES(Mtoe)		19.46		257.13		47.48

		12		Elec.(TWh)		34.61		441.25		138.91

		13		CO2 (MtCO2)		50.09		373.26		51.99
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