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SUMMARY 

Since the early sixties, the Greek electricity produc-
tion sector has been based on local lignite and heavy-oil, 
being gradually replaced by imported natural gas only 
quite recently. Therefore, the electricity generation proc-
ess -beyond the economic and macroeconomic cost- is 
assumed to be responsible for significant air pollution. In 
this context, an extensive and thorough analysis is carried 
out concerning the quantities of air pollutants that have 
resulted from the electricity sector during the 1995÷2002 
period. For this purpose, all obtainable data are initially 
considered and analysed, followed by an integrated nu-
merical model developed from basic-principles, in order 
to estimate the air pollutants created from electricity gen-
eration. The results presented are based on official data, 
analysing the SO2, NOx and CO2 gasses produced on the 
basis of the fuel utilized. Among the most interesting 
results of the present survey emerges the continuous in-
crease of air pollutants with time, mainly attributable to the 
electricity demand amplification and the state policy of 
using Northern Greece lignite and imported natural gas in 
the mainland and diesel-oil in the Aegean Sea territories. 
This strategy practically leads to remarkable air pollution 
rise during the next decade, a fact that is also validated by 
the application of the analytical model developed. 

 
 
 

KEYWORDS:  
Air pollution, electricity generation, thermal power stations, energy 
policy, analytical model, emission factors, energy coefficient. 

 
 
 
INTRODUCTION 

Since the early sixties, the Greek electricity production 
sector has been based on local lignite and heavy-oil. After 
the recent natural gas introduction in the local market, a 
gradual replacement of lignite and heavy-oil (mazut) by 
imported natural gas [1] takes place. Besides, several in-
ternal combustion engines and gas turbines – using mainly 

 

diesel-oil [2] - operate in autonomous thermal power sta-
tions located in most of the islands. On the other hand, the 
considerable number of the existing hydro-power stations 
presents a very low utilization factor in comparison with 
that of the thermal power stations, due to water reserves 
deficit and the applied electrical load management of the 
plants [3]. Finally, only recently, a modest number of 
wind parks started their operation, mainly on Euboea 
(mainland grid) and Crete island [4]. However, as it is 
obvious from Figure 1, lignite and oil contribute with 
more than 85% to the local electricity production. 

Energy consumption and demand have significantly 
increased in Greece during the last decades, approaching 
the 32,000 ktoe in 2002 [5-6]. In this context, the electric-
ity consumption increase [7] has approximated 4% per 
year (see Figure 1), while the maximum (peak) load in-
crease of the mainland electrical grid is much more abrupt 
(6%; see Figure 2). The problem seems to be particularly 
critical for the various Aegean Sea islands, including 
Crete, Rhodes, Lesvos and Chios. More specifically, the 
maximum load demand escalation in these islands has 
exceeded 250% during the last twenty years (Figure 3). The 
situation is even worse in the medium-small autonomous 
island power systems, where the corresponding escalation 
rate exceeds 400%. Therefore, the establishment of new 
electricity production plants is an extremely urgent re-
quirement [8], in order to protect the national and autono-
mous electrical grids from several troubles, such as voltage 
and frequency instabilities or even total black-outs. 

As already mentioned, the Greek electricity production 
is almost exclusively based on fossil fuel, being assumed to 
be responsible for important air pollution, beyond the eco-
nomic and macroeconomic costs. According to previous 
studies [9-10], more than 50% of the country’s CO2 pro-
duction is attributed to the electricity sector. In addition, 
electrical production contribution to SO2, NOx and TSP is 
crucial, representing in most cases a considerable part of 
the countrywide emissions [11]. Bear in mind that a sys-
tematic recording of solid materials, created by local ther-
mal power stations (TPS), commenced only recently. 
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FIGURE 1 - Time-evolution of electricity production profile in Greece. 

 
 
 

MAINLAND GREECE 
ELECTRICITY PRODUCTION PARAMETERS (1980-2002)
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FIGURE 2 - Greek mainland electricity demand parameters time-evolution. 

 
 
 

Major Greek Islands
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FIGURE 3 - Peak load evolution for the major Greek Islands. 
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In this context, an extensive and thorough analysis is 
carried out concerning the air pollutant quantities resulting 
from the electricity generation sector, during the 1995÷2002 
period. For this purpose, the available historical data are 
initially considered and analysed. Accordingly, an inte-
grated numerical model is developed from the basic prin-
ciples, in order to estimate the expected air pollutants 
produced from electricity generation. Finally, official data 
and calculation results are compared with those corre-
sponding from other well-established organizations. The 
present study is integrating a short discussion concerning 
the air pollution impact during the next few years.  

 
 
BRIEF PRESENTATION OF GREEK  
ELECTRICITY GENERATION SYSTEM 

Using the official data [6, 12] from the Greek Regula-
tory Authority of Energy (RAE) and Greek Public Power 
Corporation (PPC), the local electricity generation system 
(at the beginning of 2003) is divided into two branches. 
The first part contains the mainland electricity production 
network based on thermal power stations (TPS) with rated 
capacity of 7,200 MW, along with 3,400 MW of renew-
able energy production stations, mainly large and small 
hydropower installations (3100 MW). 

The second part includes 35 medium-small autonomous 
thermal power stations (APS) of 547 MW and 18 MW 
resulting from renewable energy sources exploitation, 
spread throughout the Aegean Sea. In this group, there 
should also be embraced two medium-sized thermal 
power stations on Crete Island (approx. 580 MW) and 

almost 70 MW of renewables, along with 208 MW of 
thermal power units operating in Rhodes Island (Table 1). 

More precisely, the Greek thermal power stations can 
also be categorized according to the fuel used, as follows 
(see Table 1): 

a. 4,280 MW using Northern Greece lignite 

b. 850 MW using Southern Greek lignite 

c. 1,134 MW using natural Gas 

d. 830 MW using heavy-oil (mazut) in mainland 

e. 1,340 MW using diesel-oil and mazut on Greek islands. 

On top of that, the electricity production of each 
group along with the corresponding capacity factor and 
efficiency may be estimated by using the most recent 
official data (Table 1). 

According to Table 1, the efficiency of most TPS is 
exceeding 31%, their effectiveness being in direct propor-
tion to their age. It is also important to mention that the 
capacity factor of most lignite fired stations of N. Greece 
exceeds 73%, while the corresponding value of the TPS 
based on natural gas is only 60%. 

Using the latest official data [12] of Figure 4, 26.3 TWh 
of electricity have been produced during 2002 by using 
N. Greece lignite, 5.0 TWh from the group (b) by using 
S. Greece lignite, 6.8 TWh by using natural gas, 4.5 TWh 
by using mazut and 3 TWh by diesel fired engines. The 
above-described analysis is extremely important, being 
the base for the estimation of air pollution in consequence 
of electricity generation. 

 
 
 

TABLE 1 
Greek electricity generation system thermal power stations (in operation at the end of 2002). 

Power Station Start Up Rated Power MW Fuel Used Capacity Factor Efficiency Location 

Liptol 1959 43 Lignite 64% 25% W. Macedonia 
Ptolemaida 1959 850 Lignite 73% 31% W. Macedonia 
Kardia 1975 1200 Lignite 74% 33% W. Macedonia 
Agios Dimitrios 1984 1586.5 Lignite 78% 33.5% W. Macedonia 
Aminteo 1987 600 Lignite 83% 34.4% W. Macedonia 
Megalopolis-A 1970 550 Lignite 70% 29.5% Peloponessos 
Megalopolis-B 1991 300 Lignite 77% 31.8% Peloponessos 
Aliveri 1953 380 Mazut 60% 36.5% Euboea 
Lavrio 1972 450 Mazut 47% 35.1% Attica 
Lavrio (New) 1996 774 Natural Gas 60% 35.8% Attica 
Agios Georgios 1997 360 Natural Gas 61% 35.4% Athens 
Linoperamata 1965 253 Mazut-Diesel 66% 31% Crete 
Chania 1969 330 Diesel 51% 30% Crete 
Rhodes 1967 208 Diesel 55% 29% Rhodes 

APS 1967 547 Diesel-Mazut 42% 27% Aegean Archipelago 
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ELECTRICITY RELATED  
AIR POLLUTANTS PRODUCTION 

As it is widely accepted, consumption of fossil fuels is 
closely related to the production of several flue gases. As 
this present survey is mainly focused on the electricity gen-
eration sector, a thorough examination of time-evolution of 
the sulphur "SOx" and the nitrogen "NOx" oxides produc-
tion is required. The "CO2" production is also demon-
strated, as this flue gas is assumed to be responsible for 
the greenhouse effect.  

The SO2 and SO3 gasses (named SOx) are created 
when the sulphur of solid and liquid fossil fuels is burned 
with bright flame and strong smell. During combustion, 
sulphur trioxide SO3 is normally transformed to SO2, thus 
representing more than 99.5% of sulphur oxides in the 
flue gas. The SO2 -being one of the most common air 
pollutants in urban areas- is one of the ingredients of the 
smog appearing in big cities [13-14]. The SO2 is colour-
less with a very characteristic smell. In combination with 
humidity it is finally transformed to sulphuric acid, one of 
the most corrosive acids being primarily responsible for 
the acid rain. Figure 5 indicates the time-evolution of SO2 
production as a result of electricity generation. As it is 
obvious from the data presented, there has been a consid-
erable variation in the sulphur oxides` production during 
the last decade, mainly attributable to the increased elec-
tricity consumption and the operation of new desulphuri-
sation units at S. Greece power stations. In addition, one 
should underline the dominant contribution of S. Greece 
(Megalopolis TPS) lignite consumption to the national 
SO2 production, although the corresponding electricity 
generation represents only 10% of the total annual de-
mand (Figure 4). 

Similarly, NOx gasses (NO, NO2) result from the 
high-temperature reaction between nitrogen and oxygen 

inside car combustion chambers, power stations, indus-
trial facilities and central heating systems. Keep in mind 
that this chemical reaction gives a 95% NO and only a 5% 
NO2 level. It is also interesting to note that the NO is a 
colourless and odourless gas, which is not a real pollutant 
by itself. However, it is easily transformed to NO2 -one of 
the most dangerous gases [15-16]. The NO2 has a brown-
red colour and a very characteristic annoying smell. It is 
one of the prime gases appearing in smog, being also 
assumed to be responsible for the acid rain. Figure 6 dem-
onstrates that the NOx production is also gradually increas-
ing, despite the introduction of natural gas in the local 
market. Keep in mind that the NOx increase rate is more 
abrupt than the SO2 one, while the natural gas consumption 
will not drastically settle this problem in actual fact. 

Finally, the carbon dioxide (CO2) is produced upon 
complete burning of carbon and may, therefore, be a meas-
ure for the quantity of fossil fuels used in a country [17-18]. 
Although not toxic, CO2 may cause asphyxia, when found 
in large quantities in a non-ventilated area. On the other 
hand, it is the main culprit for the greenhouse effect, which 
may change the climate of our planet. In this context, it is 
important to mention that electricity generation is found to 
be responsible for almost 55% of the CO2 production [11, 
19] countrywide. On top of that, according to Figure 7, no 
CO2 increase-rate deceleration [9, 20] could be found, as 
the local electricity generation system is almost exclusively 
based on fossil fuels utilization. 

Recapitulating, the Greek electricity production sector 
keeps on producing huge quantities of flue gases, while no 
attempt is made at decelerating the corresponding escala-
tion rate. This result is in contradiction to the international 
and European Union efforts to stabilize air pollutants emis-
sion at the 1990 levels. It also underlines the present in-
competence of the 1st National Program to actively contrib-
ute to the climatologic protection of our planet. 
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FIGURE 4 - Analysis of electricity production in Greece (GWh), 2002. 
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ANNUAL PRODUCTION OF SO2 

DUE TO GREEK ELECTRICITY GENERATION 

0

50

100

150

200

250

300

350

400

450

1995 1996 1997 1998 1999 2000 2001 2002

Year

kt
n

Liptol Ptolemaida
Kardia Agios Dimitrios
Aminteo Megalopolis
Oil-Mainland Oil-Island

  
FIGURE 5 - SO2 annual production from Greek electricity generation sector. 
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FIGURE 6 - NOx annual production from Greek electricity generation sector. 
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FIGURE 7 - CO2 annual production from Greek electricity generation sector. 
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ELECTRICITY RELATED EMISSION FACTORS 

Using previous work by the authors [21], the total an-
nual quantity "(k)P(t)" of air pollutant "k" produced by 
Greek electricity generation-related activities is given as: 

∑ ⋅⋅=
i

ii
kk ttetEtP )()()()( )()( ε  (1) 

where "i" describes the specific fuel used (e.g. S. 
Greece-lignite, N. Greece-lignite, diesel-oil, "Mazut", 
natural gas, renewables, etc.) and "εi " is the fuel con-
sumption array for the electricity generation sector, i.e.: 

)(
)()(
tE
tEt i

i =ε  (2) 

 
Keep in mind that "E(t)" is the annual primary energy 

consumption (usually in toe) of the electricity production 
sector. As it is obvious, the following relation is valid: 

0.1)( =∑
i

i tε  (3) 

 
Besides, comparing the primary energy consumption 

and the electricity demand "Ed" by the local society, one 
may write: 

∑ ±⋅⋅=
i

baliid EtttEtE )()()()( εη  (4) 

where "ηi" is the efficiency (including line transmis-
sion losses from the TPS to the main consumption centers) 
of all thermal power stations using the fuel "i", and "Ebal" 
is the electricity balance (imports, exports) of the country. 

 
Subsequently, "(k)ei" is the time-depending emission 

factors array for every air pollutant "k", created due to the 
consumption of fuel "i" in the electricity production sector 
during the time-period "t", i.e.: 

)(
)()(

)(
)(

tE
tPte

i

i
k

i
k =  (5) 

 
The main factors influencing the air pollutants pro-

duction of electricity generation and included in the pro-
posed analysis are the following: 

 Evolution of energy consumption (Ed(t)) 

 Fuel-mix and internal reorganization including fuel 
substitution (εi(t)) 

 Energy efficiency status and improvements (ηi(t)) 

 Existence and efficiency of pollution control measures 
(ei(t)) 
 
Using the definitions of equations (1) - (5) and the of-

ficial data by local electricity production sector, it is pos-
sible to estimate the time evolution of the corresponding 
emission factors of the sector for the SO2, NOx and CO2 
flue gases. 

Before the analysis of the emission factors time-
distribution, it is interesting to investigate the fuel contri-
bution coefficients "εi " for the national electricity genera-
tion (Figure 8). According to official data, there has been 
a remarkable substitution for the N. Greece lignite (from 
70% to 57%) by imported natural gas during the last 
years. A parallel heavy-oil substitution is also encoun-
tered by natural gas, while the contribution of S. Greece 
lignite and diesel oil operation (mainly due to the island 
Autonomous Power Stations) remains almost unaffected. 

Accordingly, Figure 9 evaluates the main fuels used 
emission factors distribution, concerning SO2. As a general 
idea, between 1999 and 2001 a considerable "SO2e" de-
crease (≈25%) for S. Greece lignite has taken place, mainly 
due to the operation of the new desulphurisation unit at 
Megalopolis B (300 MW) TPS. Unfortunately, in 2002 the 
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FIGURE 8 - Fuel contribution to the national electricity generation. 
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GREEK ELECTRICITY GENERATION SO2 EMISSION FACTORS
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FIGURE 9 - Greek electricity generation and time evolution of SO2 emission factors. 
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FIGURE 10 - Greek electricity generation and time evolution of NOx emission factors. 

 
 
 
 

corresponding emission factor attains the value of 160 g/toe. 
On the other hand, the N. Greece lignite emission factors 
distributions remain almost unaffected, being far beneath 
the corresponding heavy-oil one. Generally speaking, a 
slight decrease of the emission factor values appears in 
most cases, apart from the Liptol one. In this context, the 
main value of the N. Greece lignit-fired stations is ap-
proximately 8 g/toe of lignite consumed, being almost 
20% below the corresponding 1999 value. This turns to be 
extremely important, as the authors expect N. Greece 
lignite and imported natural gas to cover over 80% of the 
national electricity demand during the next decade. Fi-
nally, diesel-oil emission factor distribution remains al-
most constant, getting slightly influenced by the quality of 
diesel oil used [22]. 

Subsequently, one has the possibility to examine the 
corresponding "NOx" emission factors distribution for the 
primary fuels used in our country (Figure 10). As it is 
obvious from the presented data, the time variation of 
"NOx" emission factors is not very strong (excluding the 
Liptol 200 MWh/year case), while the N. Greece lignite 
and oil-fired (mazut or diesel) TPS present the highest 
values. In this context, the natural gas contribution to the 
"NOx" production cannot be ignored, while S. Greece 
lignite and mazut based stations show a slight decrease of 
the corresponding "e" values. This is not the case for N. 
Greece lignite. More specifically, the average emission 
factor value for the major N. Greece TPS is almost 8 g/toe 
for 2002, compared with approximately 6 g/toe produced 
in 1995. 
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Finally, Figure 11 demonstrates the time-distribution 
of the estimated "CO2" production emission factors, based 
[11, 22, 23] on the primary characteristics of the fuels used 
(weight content-mass fraction, specific calorific value etc.). 
In this case, non-significant time variations are expected, 
while the data given are compared with similar results from 
other research groups [9, 24]. As a general statement, the 
remarkable CO2 production volume from the local electric-
ity generation presents a slightly increasing tendency. It is 
also noteworthy that the mean CO2 production from the 
lignite-fired stations is almost 5,600 g/toe, a value exceed-
ing the one (approx. 4,200 g/toe) suggested by IPCC [23], 
mainly due to the low quality of local lignite consumed. 

 
 
EXPECTED AIR POLLUTANTS  
PRODUCTION FOR THE NEAR FUTURE 

According to the results presented for the national 
electricity production sector, a considerable energy de-
mand amplification has taken place during the last years, 
e.g. from 36,000 GWh in 1995 to 50,000 GWh in 2002. 
In this context, most experts [5, 8, 20] anticipate a con-
tinuously increasing electricity demand, while -up to 
2010- the corresponding annual increase rate is expected 
to vary between 3.0% and 4.0%. 

This significant energy demand increase should be 
covered using N. Greece lignite and imported natural gas. 
However, considering that supplementary natural gas 
imports -lacking infrastructure strengthening- are un-
workable, the major electricity demand increase (2.0%-
2.5%) is going to be covered by further exploitation of 
domestic N. Greece lignite. On the other hand, diesel-oil 
appears to be the only solution for the electricity con-
sumption of all Greek islands, Crete and Rhodes included 
[25]. The only possibility to exploit the excellent wind 
potential of the Aegean Archipelago, by using large-scale 

applications, is the establishment of reversible wind-
hydro power stations [26], in order to encounter the time-
depending local electricity demand with the stochastic 
behaviour of wind-energy production 

At the same time, one may expect a slight improve-
ment on the existing TPS efficiency (0.2%-0.5%), mainly 
due to renovation activities and natural gas usage replac-
ing the solid fuels. Finally, no remarkable amelioration of 
the various air pollutant emission factors is anticipated, 
since the former State-controlled PPC lacks substantial 
antipollution measures, in view of its privatisation policy. 
In this context, most "e" values should actually remain at 
the 2000-2002 levels. 

Applying the above-described assumptions and using 
equations (1) - (5), the expected SO2, NOx and CO2 pro-
duction volume up to 2007 may be accurately estimated 
(Figure 12). The results obtained are presented in a non-
dimensional form, using 1995 values as reference. During 
2004, further air pollutants are built-in, considering the 
increased electricity consumption resulting from the 2004 
Olympic Games activities. As it is obvious, a significant 
electricity-related augmentation is expected in air pollut-
ants, during the next five years, in comparison with 2002, 
which for CO2 approaches 21%, while slightly lower 
values are attributed to SO2 and NOx (19.5% and 20.5%), 
respectively. 

This negative evolution strongly questions the effi-
ciency of the 1st National Program for Greenhouse Gases 
Prevention, and underlines the necessity of extensive 
energy saving and renewable resources utilization during 
the application of the 2nd National Program. In the oppo-
site case, our country has no chance to meet the European 
target for Greenhouse gasses emission limitation, deterio-
rating at the same time the Greek citizens living quality 
due to the increased concentration of dangerous air pol-
lutants, such as SO2 and NOx. 
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FIGURE 11 - Greek electricity generation and time evolution of CO2 emission factors. 
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FIGURE 12 - Air pollution production from the Greek electricity generation sector. 

 
 
 
 
CONCLUSIONS AND PROPOSALS 

An integrated and time-extensive analysis is pre-
sented, concerning the national air pollutant emissions 
resulting from the Greek electricity generation sector. The 
results hereby presented are related to official data, ana-
lysing the SO2, NOx and CO2 production rates on the 
basis of the fuels utilized. Among the most interesting 
results of the present survey emerges the continuous in-
crease of air pollutants with time, mainly attributable to 
the electricity demand amplification and the unjustified 
state policy of using N. Greece lignite and imported natu-
ral gas in the mainland and diesel-oil in the Aegean Sea 
territories. 

This strategy practically leads to remarkable air pol-
lution rise during the next decade, a fact that is also vali-
dated by the application of the developed analytical 
model. On the other hand, only by introducing efficient 
energy-saving measures in the industrial and tertiary sec-
tor it is possible to decelerate the annual electricity con-
sumption escalation rate. Besides, a significant air pollu-
tion decrease may be accomplished in cooperation with a 
considerable wind and hydro-power penetration, both in 
mainland and the Greek islands. On top of this, solar 
energy together with biomass and geothermal one can 
satisfactorily facilitate both electricity and thermal needs 
of local consumers. 

Recapitulating, the results obtained may clarify the 
existing air pollution situation and assist Greek society in 
taking vital decisions regarding local electricity produc-
tion sector for the next few years, seriously considering 
the significant air pollution impact on everyday life. 
Hence, the predicted electricity resulting emission factors 
provide important information -scientifically documented- 
to display the air pollution impact during the forthcoming 
energy choices. 
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