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Abstract  

This paper gives a short overview about the types of power stations in Germany and Poland. The 
energy production in Germany in 2012 was 629,7 TWh. Every type of power plant poses a risk to 
humans and the environment but in a different way and to a different extent. A discrete 
mathematical method, named Hasse diagram technique is applied. The software package used is 
the PyHasse software. A first ranking approach is presented taking the 8 most used types of power 
plants in Germany into account and ranking those applying 5 different evaluation criteria, 
including 3 environmental health attributes. In this first approach not only nuclear power stations 
but also coal-driven power stations come worst in this ranking method. Renewable energies come 
best in our approach. Unfortunately their percentage of the overall energy production is still too 
low (about 22,1 % in Germany and 10,4 % in Poland). This underlines the necessity for urgently 
supporting the development of renewable energy power plants. Furthermore, we plan to extend our 
scoring approach to other European countries, starting with the neighboring country Poland. 

1. Introduction: Energy Use 
Energy use is central to human society and provides many health benefits. But each source of 
energy entails some environmental and health risks. In a review article, entitled Energy and Human 
Health [1] it is stated that the largest acute health impacts of today’s energy systems come from the 
extraction and combustion of solid fuels. Nuclear energy has a small direct impact but moreover a 
serious genetic impact concerning the waste and fatal impact concerning possible accidents [2]. 
Coal is the major energy source worldwide (25 %). Nuclear energy supplied around 11 % of the 
global energy production in 2011. Human-engendered climate change, which is largely but not 
entirely caused by energy use, is already imposing health impacts. Environment and health impacts 
from renewable energy sources are likely to be much smaller than those from classical energy 
sources.  

1.1.  Energy Mixture in Germany  

The mixture of energy in Germany for the years 1990 and 2012 is given by the Umweltbundesamt 
in Dessau [3]. Both the gross power generation as well as the power consumption has been 
increasing since 1990 in a continuous way (exception 2009). The amount of renewable energies has 
been continuously rising since 1993 with one exception in 2009. Since 2003 the gross power 
consumption has been constantly lower than the gross power generation. The surplus is exported. 
Germany is still heavily depending on coal (soft coal and hard coal), and nuclear energy. 
Renewable energies comprised 22 % in 2012.  

We distinguish among: Classical energy sources: Soft coal (lignite, brown coal), hard coal (stone 
coal), natural gas, nuclear energy, mineral oil product, Renewable energy sources: Photovoltaic 
energy, wind energy, biomass, water energy (running-water power station), municipal waste, and 
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others. The Arbeitsgemeinschaft Energiebilanzen [4] lists on its Website the latest energy 
production data which are given in Table 1. We specify the energy sources together with the given 
acronym used in in our data evaluation approach later. We take the 2012 data into account as the 
2013 data were not final ones at the date of our evaluation. 

Table 1: Energy Sources Germany: Gross Power Generation 2012: 629,7 TWh 

Energy Sources Abbreviation Portion of TWh 2012 % 2012  

Biomass BIO   39,7    6,3 

Mineral oil products (fuel oil) FOI    7,6    1,2 

Natural gas  GAS   76,4   12,1 

Hard coal (stone coal) HCO 116,4   18,5 

Municipal waste MWA    5,0    0,7 

Nuclear energy NUE   99,5   15,8 

Others OTH   25,5    4,1 

Photovoltaic energy PHO   26,4    4,2 

Soft coal (lignite) SBC 160,7   25,5 

Water energy  WAE   21,8    3,5 

Wind energy WIE   50,7    8,1 

Sum  629,7 100 %  
 

1.2. Energy Mixture in Poland 

The main prime energy source in Poland is hard coal and lignite (soft coal), which cover 56% of 
the demand. Crude oil also has a significant share of 25%. Even to maintain current levels of 
energy generation, Poland needs to invest huge amounts into energy generation capacity (between 
41 billion and 98,5 billion € by 2020 and factually upgrade or redesign its entire energy system as 
almost 85% of electricity is produced from coal and furthermore, two thirds of the installed coal 
capacity is older than 30 years and almost 20% (7 gigawatt) of the current generation capacity have 
to be phased out by 2015. Poland plans to have nuclear power from bout 2025 as part of an energy 
portfolio, moving away from heavy dependence on coal and imported gas [5]. However, a positive 
trend in the growth of the renewable energy sector in Poland can also be observed. The most 
important source is wind energy. According to Energy Regulatory Office (URE), in 2012, there 
existed 663 wind plants in Poland of a total capacity of 2341 MW. Most wind farms are located in 
north-western Poland, not far from Baltics sea. The current share of wind energy in total renewable 
electricity of origin is 57.6%. It ranked first among renewable energy sources already in 2009. 
Currently about 40 % of the Polish electricity from renewable source is produced from biomass 
while a third comes from co-incinerating biomass in coal-fired power plants. Increasing support for 
the alternative technologies will lead to new opportunities to develop projects at industrial locations 
that produce large amounts of biomass. The large share results in Poland’s significant biomass 
potential and its large share of coal power plants that generate about 90 % of Poland’s electricity. 
By using this existing infrastructure, Poland was able to significantly increase its share of 
renewable energies in just a few years. Today, 30 of the 39 Polish coal power plants are co-
incinerating biomass. Biomass energy power plants were analyzed for the years 2001-2010 by 
Budzianowski [6].  

The development of renewable energy is strongly encouraged in Poland via support through a 
system of green certificates. Unfortunately, the amount of green certificates issued per unit of 
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produced renewable electricity is not associated with the type of renewable energy technology. 
Therefore, the existing energy policy system inhibits the development of some renewable 
technologies, even if they have attractive potentials for sustainable electricity production in the near 
future [7]. The Polish Ministry of Economy plans to change the system of green certificates. The 
most supported power technologies in Poland will be bioenergy and wind energy. The number of 
issued green certificates is to decrease with increasing output power of a plant thus the modified 
system will stimulate the development of distributed renewable power systems. In Table 2 the 
current situation of the Polish energy mix is given in electricity production (http://www.rynek-
energii-elektrycznej.cire.pl/st,33,207,tr,75,0,0,0,0,0,podstawowe-dane.html). 

Table 2: Energy Sources Poland: Electric Power Generation 2012: 161,7 TWh 

Energy Sources Abbreviation Portion of TWh 2012 % 2012  

Biomass BIO 10,09 6,2 

Mineral oil products (fuel oil) FOI 3,9 2,4 

Natural gas  GAS 6,3 3,9 

Hard coal (stone coal) HCO 80,6 49,7 

Nuclear energy NUE - - 

Photovoltaic energy PHO - - 

Soft coal (lignite) SBC 54,1 33,3 

Water energy  WAE 2,0 1,3 

Wind energy WIE 4,7 2,9 

Sum  161,7 100 %  

2. Urgent Need for Comparative Energy Sources Evaluation  

We are of the strong opinion that a scientific approach, e.g. ranking the types of different power 
stations with criteria of general importance, like the availability of the energy source in Germany, 
the everyday availability, as well as environment and health criteria: CO2 emissions, impact of 
accidents in the power station on human health and the environment, and waste disposal is of great 
interest. Usually only one criterion is considered in the political and scientific discussion.  

2.1. Types of Energy Sources in Germany 

The current energy resources in Germany are taken into account as objects to be ranked by the 
above-mentioned criteria. The basis for our evaluation is generated by the official statistical data 
for the gross energy production in Germany for 1990 till 2013 [4], (see Table 1). Every energy 
source poses a risk for human health and the environment. A comprehensive listing of the risks 
would surpass the scope of this paper. That is the reason why we only quote a few examples. 
Further reading is recommended, e.g. in Smith et al. [1]. While access to electricity affects health 
positively, combustion of coal in power plants causes well-documented adverse health effects. A 
review study of respiratory, cardiovascular, reproductive, and neurologic health outcomes 
associated with exposure to coal-fired power plant emissions is presented by Buchanan et al. [8]. 
An article published 2007 in the medical journal, The Lancet, summarizes the burden of the health 
effects of generating electricity from coal and lignite (a type of coal). The authors estimate that for 
every TWh (Terrawatt-hour) of electricity produced from coal in Europe, there are 24.5 deaths, 225 
serious illnesses including hospital admissions, congestive heart failure and chronic bronchitis, and 
13,288 minor illnesses. When lignite, the softest and most polluting form of coal, is used, each 
TWh of electricity produced results in 32.6 deaths, 298 serious illnesses, and 17,676 minor 
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illnesses [9]. Comparison of different forms of commercial power generation by use of the fuel 
cycle methods developed in European studies shows the health burdens to be greatest for power 
stations that most pollute outdoor air (those based on lignite, coal, and oil). The topic of mercury 
emissions from coal-fired power plants in Poland was investigated by Glodek and Pacyna [10]. The 
direct health burdens are appreciably smaller for generation from natural gas, and lower still for 
nuclear power. This same valuation also applies in terms of greenhouse-gas emissions and thus, 
potentially, to long-term health, social, and economic effects arising from climate change. The 
negative effects on health of electricity generation from renewable sources have not been assessed 
as fully as those from conventional sources, but for solar, wind, and wave power, such effects seem 
to be small; those of biofuels depend on the type of fuel and the mode of combustion. Wagner et al. 
[11] compared the CO2 emissions from different kinds of energy production sources. The impact of 
nuclear power plants on the environment and human health has been studied extensively. Short-
term and long-term health risks of nuclear-power-plant accidents are commonly known and well-
documented in numerous papers. A review article is recommended for further information [12]. 
Scherb / Voigt [2] could demonstrate the impact of running power plants on the environment and 
human health by evaluation the change in the sex ratio near nuclear power plants in Germany and 
Switzerland. Not only the conventional energy sources but also the renewable energy sources have 
an impact on the environment and human health. For biomass power plants a recently published 
paper named the health problems for nearby residents [13]. Also wind turbines pose a health risk 
being a new noise source. A review on the health effects of wind turbines has been published [14].  

Concerning the disposal of waste from different sources of energy production only the waste 
disposal of radioactive waste poses a major problem which has not been solved to a satisfactory 
extend for the world’s population. Birkholzer et al. [15] provide an overview of current waste 
disposal approaches, scientific issues, and safety assessments related to mined geologic repositories 
for high-level radioactive waste.  

2.2. Chosen Evaluation Criteria for Energy Sources 

Apart from the environmental and human health criteria concerning the air, water, soil pollution of 
power plants with not only CO2 emissions but also with particular matter emissions and other 
dangerous chemicals and the extremely important criterion of the waste disposal, especially for 
radioactive waste, impact of accidents in the power stations, other criteria of general importance, 
like the availability of the energy source in a country, the everyday availability play an important 
role. All criteria are to be looked upon at the same time in this first scoring approach (see Table 3).  

Table 3: Ranking/Evaluation Criteria for Energy Sources Germany 

Criterion Abbreviation 

Availability every day: yes/no AAT 

Availability in Germany: yes/no AVG 

CO2 emission (high/medium) COE 

Impact of Accidents IOA 

Waste disposal WAD 

2.3. Ranking Method and Software: PyHasse 

Concerning the data evaluation of energy sources, we apply an appropriate ordinal data analysis 
method to find out conformities and differences in data sets. This is a discrete mathematical method 
named Hasse diagram technique and is explained in detail in Bruggemann/Patil [16]. The software 
package used is the PyHasse software. This software is written in the programming language 
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Python by Dr. Rainer Bruggemann (brg_home@web.de) and is under constant development. 
PyHasse comprises several modules which are of great support also in the ranking of energy 
sources by general as well as environmental and health aspects. 

3. Ranking of Different Types of German Energy Sources 

For our comparative evaluation we take 8 of the 11 sources listed in Table 1, leaving out other 
sources, mineral oil products, and municipal waste incineration. We use two general evaluation 
criteria AAT (Availability every day: yes/no) and AVG (Availability in Germany) and three 
environmental and human health criteria COE (CO2 emission), IOA (Impact of accidents) and 
WAD (Waste disposal), listed in Table 3. In this first approach we determined the following scores: 
2= negative, 1= medium. The Score 0=no effect on the environment and humans is not provided, as 
to our knowledge there does not exist a single energy source with no impact. It is evident that this 
1, 2 scoring approach is rather broad and does by no means fully take into consideration the vast 
scope of impacts of energy sources. The scores are listed in Table 4 and their graphical evaluation 
is displayed in Figure 1. 

Table 4: Given Scores for Energy Sources Germany 

Energy Sources AAT AVG COE IOA WAD 

BIO 1 1 1 1 1 

GAS 1 2 1 1 1 

HCO 1 2 2 1 1 

NUE 1 2 1 2 2 

PHO 2 1 1 1 1 

SBC 1 1 2 1 1 

WAE 1 1 1 1 1 

WIE 2 1 1 1 1 

 

The corresponding Hasse diagram is given in Figure 1. 

A Hasse diagram visualizes so-called partially ordered sets (posets). As demonstrated in Figure 2 a 
partial order is given and not a linear order. HDT is appropriate for comparative evaluation of 
objects, in this case different types of power plants when a multi-criteria assessment is envisaged; 
here several criteria are of importance. All objects which are connected by a line are comparable, 
e.g. NUE, GAS, BIO=WAT, whereas for example NUE and PHO are incomparable. The 
comparabilities and incomparabilities are given by the PyHasse program along with the number of 
equivalence classes (equivalent objects). BIO and WAE are equivalent objects. In this diagram we 
have maximal objects, HCO, NUE, PHO=WIE. These are the worst types of energy sources in our 
approach. 
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Figure 1: Hasse diagram for 8 types of power plants in Germany evaluated by 5 criteria 

The best or rather the better sources are the minimal objects, namely BIO=WAE. The renewable 
energy sources biomass and water energy have the best results. Unfortunately these two energy 
sources only have a percentage of 10 % of the German power plants. Why do solar and wind 
energy are maximal objects? They receive a high 2 score in the criterion availability every day. 
Soft coal (brown coal) has a middle position in this Hasse diagram. It is better than hard coal and 
worse than BIO=WAE. While Germany imports high amounts of hard coal, the country mainly 
uses the own soft coal resources [17]. 

All criteria receive the same importance in this approach. It is now possible to perform the Hasse 
data analysis taking only the environmental criteria COE, IOA, WAD into account or calculating 
the Hasse diagram for only the general criteria, namely AAT and AVG. Figure 2 shows the results. 
On the left hand side the Hasse diagram for the environmental criteria is displayed and on the right 
side the one for the two general criteria.  

  

Figure 2: HDs for 8 types evaluated by 3 environmental (lhs) and 2 general criteria (rhs) 

Taking a closer look at the Hasse diagram showing the environmental criteria, we see that HCO is 
equivalent with SBC, that is to say both coal types are maximal objects, which have a high impact 

Copyright 2014 BIS-Verlag, Oldenburg, ISBN: 978-3-8142-2317-9



Proceedings of the 28th EnviroInfo 2014 Conference, Oldenburg, Germany  September 10-12, 2014 

 

on the environment and human health. NUE is a maximal object and comparable to BIO=GAS, 
PHO WAE, WIE. These are minimal objects. 

The Hasse diagram for the two general criteria shows a different situation. BIO and WAE are again 
the best types of energy sources, but also the SBC, say the soft coal, as its availability is solely 
looked upon. GAS, HCO, NUE are all worse than BIO, WAE, SBC. The reason why GAS=HCO, 
NUE on the one hand and PHO=WIE on the other hand lies in the different types of availability. 
Whereas photovoltaic and wind energy sources are available in Germany their power is not 
continuously generated. Gas, hard coal and nuclear energy sources are available every day but have 
to be imported. In Figure 2 several discrepancies between environmental/health criteria on one side 
and general data on the other side are revealed.  

4. Conclusion and Outlook 

It can be demonstrated that Germany is with the current energy mix still in a rather unsatisfactory 
situation, especially concerning the impact of the mix on the environment and on human health. 
The two renewable resources which are shown to be best in the ranking procedure applying the 
Hasse diagram technique, the PyHasse software, biomass and wind energy do only count for 14,4 
% of the energy sources in Germany (see Table 1). Adding photovoltaic (4,2 %) and water energy 
(3,5 %) which are maximal objects in the environmental health approach (see Figure 3 lhs) this 
sums up to 26,7 % of the energy mix. Hard coal (18,5 %), soft coal /lignite (25,5 %) and nuclear 
energy (15,8 %) which showed a bad result, especially in considering the environmental health 
criteria sum up to 59,8 %. In comparison to these numbers, Poland is currently running on 83 % of 
coal power plants and 10,4 % renewable energy (see Table 2). 

A better strategy for the energy production and consumption must be implemented in the very near 
future in order to protect the citizens from serious problems. The environmental as well as the 
public health implications of the impact of the current power generation could be severe, and could 
be a heavy loading of national economies. A great effort would be necessary to reduce the external 
and internal exposure to dangerous chemicals, not only CO2, but also particulate matter (PM), 
sulfur dioxide (SO2), nitrogen oxide (NO2), mercury (Hg) and not to neglect  radionuclides, just to 
name a couple, to decrease the social burden of such impacts. An accelerated switch to renewable 
sources has the potential to deliver appreciable health benefits, though a major switch will pose 
challenges particularly in relation to the intermittency of renewable production, land use 
requirements, and cost [9]. Energy storage, energy efficiency, energy saving must be addressed in a 
more conscientious and more efficient way. An overview of the advanced energy storage systems 
to store the electrical energy generated by renewable energy sources is presented by Rahman et al. 
[18].  

We plan to extend our scoring approach to other European countries, starting with the neighboring 
country Poland in order to support the improvements in the future Polish energy strategy. 
Furthermore, we intend to enlarge our set of environmental health evaluation criteria with the topic 
of "extraction of energy source". 
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