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SUMMARY 

Electricity is characterized as the most end-user friendly 
form of energy. However, the electricity generation - based 
so far on fossil fuels - is found guilty of significant air pollu-
tion, including the annual emission of more than 350 ktnons 
of sulphur dioxide, representing 80% of the national re-
leases. 

In this context, the existing large combustion power 
plants are classified according to their SO2 emission factor. 
In the present study we calculate the SO2 emissions, re-
sulting by using, in priority, the most environmental friendly 
power stations, to face the electricity load requirements of 
the Greek mainland. In the methodology adopted one dis-
regards, during the selection procedure among the available 
Greek power plants, any operational, grid-stability, system-
efficiency and cost-effectiveness criteria. 

Using this purely theoretical methodology, one has 
the ability to estimate the minimum expected SO2 annual 
emission from the existing power plants, used to fulfil the 
corresponding national electricity demand. The discrepancy 
encountered is due to the established classification of the 
existing power plants, which practically neglects the im-
pact of the sulphur dioxide emissions. 
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INTRODUCTION 

The crucial role of energy in everyday life quality is 
well recognized in contemporary human societies [1]. Elec-
tricity, being the most end-user friendly form of energy, is  

 

dominating the domestic sector holding, also, a major share 
in the industrial one, while its penetration into the trans-
portation sector is increasing. However, the electricity gen-
eration in Greece is found guilty of significant air pollution 
as well as of local and remote water and soil degradation [2]. 

The considerably high environmental quality as well 
as the need for its intensive maintenance is key factors for 
the long–term welfare that European citizens request [3]. 
The forthcoming economic growth of the developed and, 
most of all, the developing countries, will extend the envi-
ronmental pressures and will threat the planet’s capacity to 
support the raw materials supply and absorption of pollu-
tion. 

The Greek electricity sector, based on the usage of 
fossil fuels, is found responsible for the production of nu-
merous air pollutants some of which are considered as 
very dangerous for the public health. Sulphur dioxide with 
annual emissions of more than 350ktnons contribute to 
local environmental degradation [4] as well to long dis-
tance, even transboundary, effects of high acidity to man-
made and natural ecosystems. On the top of this, the pro-
tection of citizens from dangerous toxic effects of the vari-
ous harmful gases and particles released is appeared to de-
crease in our country [5]. 

 
 
NATIONAL ELECTRICITY PRODUCTION SYSTEM 

Electricity generation in Greece was based - from its 
foundation in the early 60’s - on lignite and heavy-oil fired 
stations to meet base and peak load demand respectively. 
Only recently a remarkable natural gas penetration in the 
Greek energy market tends to change the fuel mix of the 
electricity sector. On the other hand, although the hydroe-



© by PSP Volume 15 – No 11. 2006   Fresenius Environmental Bulletin    

1395 

lectric power stations amount a rather high installed ca-
pacity, they contribute relatively low, basically due to wa-
ter reserves deficit and applied electrical load manage-
ment plan [6]. Finally, despite the high wind potential of 
the country, the contribution of the wind parks to the Greek 
electricity production is still limited [7]. 

Using official data [8-9] from Greek Regulatory Au-
thority of Energy (RAE) and Greek Public Power Corpo-
ration (PPC), the local electricity generation system (at the 
begging of 2005) is divided in two branches. The first part 
contains the mainland electricity production network based 
on thermal power stations (TPS) with rated capacity of 
7619 MW and over 3000MW of large and small hydro-
power installations. The second part includes medium-
small autonomous thermal power stations (APS) in the 
island network [10]. 

In this context, the Greek thermal power stations can 
also be categorized according to the fuel used, as follows: 

a. 4438 MW using N. Greece lignite 
b. 850 MW using S. Greek lignite 
c. 1581 MW using Natural Gas 
d. 750 MW using heavy-oil (mazut) in mainland 
The major contribution of the lignite-fired power sta-

tions to the electricity generation in Greece together with 
the high sulphur content of the locally extracted fuel, espe-
cially in South Greece, result to the electricity sector being 
the main responsible for the SO2 emissions. In the current 
study only official data [11] will be utilized for the year 
2001, for which the lignite-fired stations nominal power 
has been 4088 MW for North Greece and 850 MW for 
South Greece ones. 

The present work is concentrated on the energy pro-
duction sector; hence emphasis is laid on the sulphur diox-
ide emissions, as already mentioned. The SO2 and SO3 are 
produced when the sulphur of the solid and liquid fossil 
fuels is burned with bright flame and strong smell. During 
combustion, sulphur trioxide SO3 is normally transformed 
to SO2, thus SO2 represents more than 99.5% of sulphur ox-
ides in the flue gas. The SO2 -being one of the most com-
mon air pollutants of the urban areas- is one of the ingre-
dients of the smog appearing in many cities. The SO2 is 
colourless but with a very characteristic smell. In combi-
nation with humidity it is finally transformed to sulphuric 
acid, which is one of the strongest acids being primary re-
sponsible for the acid rain. 

Using well established data [12], energy sector is 
found responsible for more than 95% of the total SO2 
emissions, while the rest SO2 derives from industrial proc-
esses, like sulphuric acid production, cement and alumin-
ium industries. The majority of SO2 is produced by the 
thermal power plants of PPC [13], operating mainly using 
low quality lignite and heavy oil. According to official data 
the sulphur content in N. Greece lignite varies between 
0.35 and 0.75%, while the corresponding values for S. 
Greece range from 1.3% to 1.7%. These values are slightly 

higher than those of the previous decade, mainly due to 
the quality deterioration of the available lignite fields. Simi-
larly, the sulphur content of heavy oil (mazut) used by the 
oil-fired power stations is between 2.8% and 3.6%. Bear 
in mind that during the last twenty years the local lignite 
consumption is threefold increased. On the other hand, 
noteworthy efforts were taken place to reduce the SO2 emis-
sions by electricity generation activities via the operation of 
desulphurisation units, especially in South Greece. 

 
 
MATERIALS AND METHODS 

SO2 emission factors of Greek thermal power stations 

Taking into consideration the significant role of elec-
tricity generation on the sulphur dioxide production, the 
present work is focused on investigating in detail the sul-
phur dioxide emissions. Using previous work by the au-
thors [14], considering the mass of air pollutants produc-
tion and annual energy yield one may define the SΟ2 emis-
sion factor "ej" for the "j-th" thermal power station, i.e: 

jE
2SOm

e j =
 (1) 

where "
2SOm " is the annual SΟ2 mass production and 

"Ej" is the annual energy yield of the "j" thermal power 
station. 

The SO2 effects, resulting from the electricity genera-
tion sector, have been computed, utilizing official data [15]. 
According to the calculation of the SO2 emission factors 
for each power station we can classify them, bearing in 
mind their environmental impact per electricity generated. 
For a representative year, where official data exists, the re-
sults are presented in Table 1. In this context, a detailed 
classification has taken place by sorting the power sta-
tions starting from the one with the lowest emission factor 
to the one with the highest. The analysis has been carried 
out separately for each unit of the power stations and the 
presented differences are the result of the age and the op-
erational characteristics of each one of them. 

It is imperative in this point to observe the significantly 
high differences in the emission factors of South and North 
Greece. Taking into consideration the results of Table 1, 
along with additional data concerning the rest energy con-
sumption sectors, one may observe the corresponding fac-
tors. As expected, the highest SO2 values characterize the 
South Greece units of Megalopolis, achieving values equal 
to 49 kg/MWh, lacking integrated anti-pollution measures 
except the Megalopolis-B IV unit, which features a desul-
phurisation unit in operation since year 2000. 

The data used in the current study are extracted from 
the time evolution curve of the electrical power demand, for 
a representative year. The energy and power demand are 
given on an hour by hour basis and concern only the lignite-
fired power stations. The peak demand is a phenomenon 
noticed to be occurring at the noon and late evening hours. 
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TABLE 1 - SO2 emissions factors for Greek thermal power stations. 

Power Station Power 
Unit 

Rated Power 
(MW) 

Emission Factor 
(kg/MWh) 

Ptolemaida II 125 2.1 
Agios Dimitrios V 366,5 2.1 
Kardia I 300 2.2 
Kardia II 300 2.2 
Agios Dimitrios III 310 2.2 
Agios Dimitrios IV 310 2.2 
Kardia III 300 2.3 
Agios Dimitrios I 300 2.3 
Agios Dimitrios II 300 2.3 
Ptolemaida I 125 2.3 
Kardia IV 300 2.4 
Ptolemaida III 300 2.4 
Ptolemaida IV 300 2.6 
Liptol I&II 43 4.2 
Aminteo I 300 5.5 
Aminteo II 300 5.8 
Megalopolis-B IV 300 17.2 
Megalopolis-A III 300 48.0 
Megalopolis-A I 125 48.9 
Megalopolis-A II 125 49.0 

 
 

Load cover methodology 

The proposed methodology attempts to demonstrate 
how the application of the load control model could po-
tentially reduce the emission of a major air pollutant. The 
System demand "ND" is affected by many factors, which 
in the first place determine the consuming patterns setting 
the diurnal and seasonal variations. While the diurnal elec-
tricity demand is characterised by a significant variation the 
system load curve for a typical day presents two peaks. The 
morning peak occurs between 12:00 and 13:00 and the 
most acute evening peak can be observed between 18:00 
and 21:00. Examining the annual load curve one may no-
tice that there are again two peak seasons. The major one 
starts approximately by the 1st of July and finishes by the 
20th of July. Subsequently, the late December peak is also 
considered, especially in cases of very low ambient tem-
peratures. 

 

According to the categorization of the Greek thermal 
power stations as presented in Τable 1, it is possible to es-
timate how many (specify the "jmax" value) and which sta-
tions (see Table 1) can be used to cover the desirable 
electricity demand in order: 

 

∑
=

≥
max

1

j

j
Dj NN  (2) 

 

The environmental criteria used for pointing out the 
power stations are referring only to their SO2 emission 
factors, exactly because the electricity generation sector is 
the major responsible for these emissions. It is crucial, there-
fore, to mention that different criteria e.g. for a variety of 
air pollutants, would result in a different classification, 
taking under consideration the weighted environmental im-
pact of each air pollutant, along with the contribution of 
the electricity generation sector to the national releases of 
the pollutants in question. 

Moreover the lignite-fired power stations in Greece 
are introduced in the operational plan as base load units 
and subsequently the peak load demand is met using the 
hydropower and heavy oil fired stations. Therefore the 
power demand curve presents a narrow ranging. Baring in 
mind the energy demand on an hour by hour basis we may 
utilize, in order to cover it, those power stations presenting 
the lowest SO2 emission factor. The procedure developed 
calculates the new net production for every unit of the 
power stations, thus giving the opportunity to present their 
output in an hour by hour basis or for any desired time-
period. 

In the procedure adapted one disregards, during the 
selection process among the available Greek power plants 
any operational, grid-stability, system efficiency and cost-
effectiveness criteria. Hence the calculation methodology 
takes under consideration only the electricity generation 
capacity during the year. Studying the maintenance sched-
ule, the ideal annual operational plan for each station can 
be drawn. In any case the contribution to the grid for one 
power station is limited to the 90% of its maximum nomi-
nal capacity. Therefore "shut down" and "break down" in-
cidents are almost completely excluded. 

Additionally an important parameter to be considered 
is the lowest operational level of an electricity generation 
unit. Technically, for a lignite-fired power station, it can-
not be lower than 60% of its nominal capacity. This is due 
to the steam turbine cycle characteristics. The methodol-
ogy developed for the present study seeks to meet the 
hourly power demand, making use of the most environ-
mental friendly power stations. As a result of the knowl-
edge and characteristics for each station it occurs that 
eight of them are used for all year round on a defined ca-
pacity. Only Agios Dimitrios I is used on 65% of its normal 
installed capacity, while all the rest power stations are 
used on the maximum available capacity. The power de-
mand, when exceeding the capacity of the aforementioned 
eight stations is covered by the next power stations as listed 
in Table 1. 
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FIGURE 1 - Real and Proposed  

Environmental Friendly Net Electricity Production. 
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More precisely, the energy production by every power 
unit separately is presented in Figure 1. In the dark color 
one may notice the real net production for the examined 
year as it is known from the official data, while in light 
color is shown the estimated net production if the proposed 
model would be in function. 

The base load power stations are utilized in a higher ex-
tend, which is on average 1.16%. However for the Kardia IV 
unit it reaches 1.68% mainly due to the low utilization that 
it had in the examined year. The Aminteo and Megalopo-
lis power stations –being the most polluting ones– are min-
imizing their contribution to the electricity grid. Especially 
the Megalopolis power station having in the year 2001 an 
actual energy production of 5300 GWh, in the proposed 
model supports the network with only 1600 GWh. 

 
 
RESULTS 

Calculating the SO2 annual production 

Making use of the proposed model to cover the actual 
energy demand of the grid, the network supervisor should 
know the diurnal operational time of each power station, 
the power contributed to the network as well as the SO2 
emissions for each unit of the power stations. In Figures 2 
and 3 one may notice the SO2 production for two cases, 
the real one and also the estimated through the presented 
model. More precisely, beginning with Figure 2, each unit 
of the North Greece power stations is presented. Accord-
ing to the methodology in use, all the power units are util-
ized in a higher than their usual extend and therefore their 
SO2 releases are increased by 0.16 to 2.33 kton. Only 
Aminteo I and II power units are excluded as they are found 
to be the most polluting units of this group. Therefore their 
contribution to the electricity grid is reduced with propor-
tional results for the SO2 emissions, which are decreased 
by 3 kton. 

The situation is significantly different regarding the 
power units of South Greece. It is of utmost importance to 
mention here that it is mostly these power stations which 
contribute to the sulphur dioxide releases from the elec-
tricity sector in Greece, mainly due to the high sulphur con-
tent of the locally mined lignite. 

According to the operational plan of the proposed mod-
el, the heavy polluting units of South Greece should have 
a very limited contribution to the electricity grid and in 
this way their SO2 releases would proportionally be re-
duced. More precisely, Megalopolis III SO2 emissions are 
decreased by 75 kton, while the total amount of sulphur 
dioxide not emitted to the environment by the whole sta-
tion reaches 140 kton. 

Although the North Greece power stations are emit-
ting more sulphur dioxide, this increment is only a small 
fraction of the SO2 emissions that are prevented of being 
released by the South Greece power units. Therefore, the 
overall environmental benefit is considered to be crucial. 
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FIGURE 2 - Total SO2 releases by the North Greece Power Units. 
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FIGURE 3 - Total SO2 releases by the South Greece Power Units. 

 
In Figure 4 one may observe the diurnal electricity ge-

neration of Megalopolis power station. Being the most pol-
luting power station of the Greek electricity network, this 
station faces major changes in its operational plan and there-
fore a more extensive study may be valuable. While the total 
contribution of Megalopolis power plant for the examined 
year is suggested to be eliminated at 1600 GWh, the rate of 
its actual production to its nominal capacity falls to 22%. 
The model is using this station only to cover peak loads as 
and if they occur. 
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FIGURE 4  

Daily Electricity Production of Megalopolis Power Station. 
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On the top of this, during real-time simulation special 
attention is paid in order to minimize the insecurity in fore-
casting the power demand. While the energy demand fore-
cast is in general successfully projected, the peak loads 
curve shows a correlation to natural parameters like the 
temperature, cloudiness etc. In several cases forecasting the 
peak demand curve in Greece is depended on temperature 
projection models and this correlation is getting stronger 
every year, mostly due to the increasing number of air con-
ditioning installations [16]. 

According to UCTE [17] the reserved capacity de-
manded to cover random accidents and operational disor-
ders can be secured by hydropower stations. At the same 
time the aforementioned institute in a study entitled “Load 
Management”, suggests bilateral contracts of the network 
supervisor and the industries in order to spread out the 
peak power demand in a diurnal basis. The industrial sector 
could be attracted in such a step through subsidies and 
price discounting policies. In this way the peak demand can 
be met directly without any impacts in the domestic sector. 

At the same time the Greek electricity network has 
one more problem regarding the big distance between the 
energy generation center and the energy consumption cen-
ter. While the former is in North Greece the latter is con-
centrated to Attica prefecture. This raises the need for high 
frequency electricity transfer cables, which make the sys-
tem even more complicated and vulnerable to instability 
especially during the summer months. 

 
 
DISCUSSION  

The evaluation of the analysis made regarding the en-
ergy cover results points out the urgent need for new en-
ergy generation installations. Especially in the acute peak 
times of the year all the power stations need to operate at 
the same time, seriously questioning the supply security in 
case of a random malfunction. It is important to mention 
here that the proposed methodology does not aim to flat-
ten the load curve but to reduce the emissions of a spe-
cific air pollutant such as the sulphur dioxide. Although in 
the current paper the model has been applied to real data 
only for one specific air pollutant, its flexibility allows for 
comparative and combined applications for more than one 
air pollutants or for larger time-periods. 

In Figure 5 there is a clear view on the total SO2 re-
leased in particular for South and North Greece. Compar-
ing the actual emissions and those predicted by the pre-
sented model one may notice that it is the South Greece 
power station of Megalopolis which is requested to reduce 
its activity. While, in reality, each one of the available 
power stations is necessary to meet the continues demand 
increase, the suggested action should be to install desul-
phurization equipment for the units of Megalopolis I,II,III. 

The investigation among the lignite-fired stations fo-
cuses on defining those with the environmentally friend-

lier operation and their utilization in a way to support the 
energy and power demands. Although several barriers are 
preventing this approach from being realistic, it is obvious 
that its realization would be a major improvement in the 
environmental performance of the country. As already men-
tioned grid stability, system efficiency and cost effective-
ness abnormalities would occur in such a case. However, 
in any case, the proposed model may be used as a bench-
mark concerning the environmental effectiveness of every 
load management plan applied. 
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FIGURE 5 - Total SO2 Emissions. 

 
 
CONCLUSIONS 

The successful load forecasting is essential for effec-
tive and efficient energy planning. Both energy and de-
mand projections are needed in order to create a safe in-
vestment and management outline. Although future elec-
tricity demand can be predicted quite accurately, there is a 
variety of energy sources which can be utilized. In the 
present study the Greek power stations are sorted by their 
SO2 emission factor. The operational plan of the electric-
ity grid is totally reconsidered regarding only environmental 
criteria. As a result the outcome is not a solution charac-
terized for its technical and economical viability. How-
ever, the proposed methodology not only presents a bench-
mark in order to evaluate the environmental behavior of 
the electricity power sector but also offers the opportunity 
to quantify one of the major components of the environ-
mental degradation imposed by the current electricity pro-
duction procedure in Greece.  

Finally, since more than 90% of the national electric-
ity production is based on carbon containing fuels, a sys-
tematic sulfur dioxide release diminution effort should be 
made in order for the local electricity generation sector to 
comply with the current and future legislation. The Na-
tional Emission Ceilings Directive 2001/81/EC has vast 
impacts to the electricity sector especially for those coun-
tries, like Greece, which are heavily depended on fossil 
fuels. While the current paper is showing the long dis-
tance that the energy generation in Greece has to cover, in 
order to become environmentally friendly, further exami-
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nation should be expected especially in satisfying the in-
creasing demand with economically sound solutions. 
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