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Overview

Within the last three decades, the global energy consumption has increased more than 40%, and almost 70% of the energy utilized globally comes from fossil fuel resources (i.e. coal, oil, and natural gas). One of the major concerns associated with increasing energy demand, which was extensively discussed in the United Nations Climate Change Conference which was held in Paris in November 2015, is the increasing CO2 emissions and consequent greenhouse effect. The role of electricity generation in greenhouse gas emissions is a well-known and well-discussed fact. More than 40% of global CO2 emissions arise from electricity generation systems.  However, greenhouse effect is not the only hazardous consequence of electricity generation. In fact, electricity generation causes many more significant hazards, such as SO2 and NOX emissions and these emissions are known to have several environmental impacts that can affect ecosystems as well as human health directly. Thus, it is very important to analyze the environmental impacts of electricity generation in a comprehensive, thorough manner. All the possible environmental impacts, at every single stage of the electricity generation process starting from fuel extraction until transmission and distribution, have to be considered cumulatively. Hence, in this study the life cycle analyses (LCA) of electricity generation (220 V AC, final use) of ten major European countries were performed and the obtained results were compared by studying the energy mix in each country, respectively. 
Methods

In this paper, the LCA of end-user electricity generation in ten European countries with the highest electricity consumption was realized. The countries that were studied were Germany, France, Italy, Spain, United Kingdom, Netherlands, Sweden, Czech Republic, Poland, and Belgium. ECO99-E method was preferred and OPENLCA software was used for determining the environmental impacts. The impacts are classified under three major categories: Ecosystem Quality, Human Health, and Resources. The breakdown of these categories into individual impacts are as follows: 

· Ecosystem Quality
· Land Conversion
· Land Occupation
· Ecotoxicity
· Acidification and Eutrophication
· Human Health
· Climate Change
· Ionizing Radiation
· Ozone Layer Depletion
· Respiratory Effects Caused by Organic Substances
· Respiratory Effects Caused by Inorganic Substances
· Carcinogenics
· Resources
· Fossil Fuels
· Minerals
After obtaining the environmental impact results for each of countries listed above, these findings were qualitatively discussed in detail by considering the electricity mix in each specific country.
Results

The electricity mix and the LCA scores of each country are presented in Table 1 and Figure 1 below, respectively. 
Table 1. Electricity Generation Data in Top-Ten Most Electricity Consuming European Countries (2013)

	
	Germany
	France
	United Kingdom
	Italy
	Spain
	Poland
	Sweden
	Netherlands
	Czech Republic
	Belgium

	Gross Electricity Generation, by Fuel (TWh) 
	633.2
	572.5
	359.2
	289.8
	283.6
	164.6
	153.2
	100.9
	87.1
	83.5

	Solid Fuels 
	282.6
	21.9
	130.8
	45.1
	41.0
	137.7
	1.0
	24.6
	41.7
	3.0

	Petroleum and Products 
	7.2
	2.5
	2.1
	15.5
	13.8
	1.8
	0.4
	1.2
	0.0
	0.2

	Gases 
	79.5
	20.0
	96.8
	112.3
	58.5
	7.3
	1.2
	58.1
	4.3
	23.1

	Nuclear 
	97.3
	423.7
	70.6
	0.0
	56.7
	0.0
	66.5
	2.9
	30.7
	42.6

	Renewables 
	158.2
	101.7
	56.6
	113.9
	113.0
	17.6
	82.8
	12.2
	10.2
	12.9

	Hydro 
	28.8
	75.6
	7.6
	54.7
	41.1
	3.0
	61.5
	0.1
	3.6
	1.7

	Wind 
	51.7
	16.0
	28.4
	14.9
	53.9
	6.0
	9.8
	5.6
	0.5
	3.6

	Biomass and Renewable Wastes 
	46.6
	4.9
	18.5
	17.1
	5.3
	8.6
	11.5
	6.0
	4.1
	4.9

	Solar 
	31.0
	4.7
	2.0
	21.6
	12.7
	0.0
	0.0
	0.5
	2.0
	2.6



[image: image1]Figure 1. Comparison of the Impact Scores of All Countries
Conclusions

For ecosystem quality and human health categories, Poland and Czech Republic had much higher scores than the rest. These findings were explained by the fact that both in Poland and Czech Republic the major source of electricity generation is coal. However, it was also noted that the quality of coal can be more determining than the quantity of coal in certain cases, as the respiratory effects caused by inorganic substances score of Czech Republic was much higher than that of Poland, despite the fact that the former country uses coal significantly less than the former. In these two categories, Sweden was found to be the country with the lowest environmental impact, and considering that more than 95% of Sweden’s electricity comes from nuclear and renewables, this is an expected result. Italy and United Kingdom were found to have the highest and lowest scores in the case of Resources impact, respectively. A much more detailed analysis can be found in the full paper.  
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