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SUMMARY 

Wind energy is the fastest growing energy sector for 
electricity production in various European countries. A 
substantial wind power penetration is also expected in the 
Greek energy market. This significant number of new 
wind turbines provokes serious reaction of local people, 
pretending important environmental impacts. For this 
purpose, an introductory survey is carried out to validate 
the real size of the wind energy applications’ impact on 
human societies and local ecosystems. During the present 
investigation, several important parameters, like visual 
impact, noise emissions, avian mortality, land usage and 
energy payback period-materials’ requirements are taken 
into account. On the other hand, the wind energy contri-
bution to air pollution reduction is also considered. 
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INTRODUCTION 

Aeolus, the ancient Greek god of winds, used to push 
sail-ships and move windmills for ages. Nowadays, wind 
energy has been the galloping energy sector for electricity 
production in various European countries. Three Euro-
pean countries -Germany, Spain and Denmark - are 
among the world`s leading nations in the field of wind 
energy applications [1]. During the last five years, the 
development rate of installed capacity in individual coun-
tries varies between 15% and 75% per year (Figure 1). 
Thus, the original E.U. target for 4,000MW of wind 
power by 2000 has been almost doubled, while the new 
EWEA (European Wind Energy Association) target at-
tains 40,000MW by 2010 and 100,000MW by 2020. 

According to extensive wind potential studies all over 
Europe, the best wind resources are located in the upland 
regions of Ireland, Britain and Greece, where average 
wind speeds (at hub height) may overpass the 8÷11m/s. 
More precisely, in the Aegean Archipelago -a remote 
Hellenic area at the east side of the mainland- there exist 
several islands, which, along with the mainland coasts, 
possess high wind potential [2].  
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FIGURE 1 - Evolution of wind power capacity in Europe and USA. 
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FIGURE 2 - Time-evolution of electricity production profile in Greece. 

 
 
 
On the other hand, during the last two decades, the 

electricity demand in Greece increases by 4% per annum. 
This continuous electrical energy consumption accelera-
tion has hitherto been primarily covered by either im-
ported oil or locally extracted lignite (Figure 2), thus 
strongly contributing to environmental deterioration [3]. 
At the same time, the electricity production cost for the 
majority of the remote Greek islands is extremely high [4], 
approaching the value of 0.25 Euro/kWh, while the fuel 
cost is responsible for almost 50% of the above-
mentioned value. Additionally, Greek dependency on 
imported fuel (≈70% of its domestic energy consumption 
is imported) leads to a considerable exchange loss, espe-
cially with countries outside the E.U. [5].  

Finally, in March 1997, the European Commission 
undertook the obligation to reduce total E.U. emissions of 
greenhouse gases (in comparison with 1990) by 8% be-
fore the year 2012. Wind energy provides one of the 
cheapest renewable energy opportunities, reducing CO2 
emissions caused by electricity generation [6]. 

 
 
POSITION OF THE PROBLEM 

For all the above-mentioned reasons, the Greek State 
is strongly subsidizing private investments in the area of 
wind energy applications [7], either via the 2601/98-
development law or the "Energy Operation Program" of 
the Ministry of Development. As a result, several requests 
for new wind parks of more than 10,000MW exist in the 
Ministry of Development, in an attempt to take advantage 
of the total costsubsidy of 40% for the project. Hence, 
during the last two years, a substantial increase (of more 

than 100%) of the existing wind power has been encoun-
tered, suddenly pushing the installed wind power of the 
country over the 250MW (Figure 3).  

A supplementary characteristic concerning the new 
wind parks installed has been their strict concentration in 
two geographical regions (i.e. East Crete and S. Euboea), 
while considerable new installations are being planned for 
the area of Peloponnesos (Greek Regulatory Authority for 
Energy [8]). This significant number of remarkably sized 
(500kW to 1MW) contemporary wind turbines, suddenly 
installed in those relatively restricted geographical areas, 
provoke serious local population reactions [9], which in 
some cases may even lead to cancellation of the com-
plete wind power project, claiming important environ-
mental impacts. 

In this socio-techno-economic context, the RAE 
(Greek Regulatory Authority for Energy) decides -via 
international tenders- which companies have the ability to 
develop power stations, on a pure fiscal criteria basis. In 
view of this significantly scheduled wind power penetra-
tion (more than 1200MW have been accepted by RAE) in 
the local energy market and despite the expanded negative 
attitude of local societies encountered [10], an introduc-
tory investigation of the principal environmental impacts 
on the local societies-ecosystems is carried out, along 
with the techno-economic analysis regularly presented in 
similar cases [7]. The results obtained may be useful in 
any decision taken in the area of the European and local 
energy planning [11]. 

Generally speaking, public opinion surveys on both 
sides of the Atlantic are in strong support of the wind en-
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ergy development [12]. Typically, two-thirds to three-
fourths of those polled encourage wind development even 
in areas with existing wind turbines. Several states of 
USA, including California, Colorado, Michigan and 
Texas, defend the so-called "Green Power" program, 
concerning the electricity produced by a renewable 
(green-clean) energy source, see also [13]. Additionally, 
"Green marketing" is the practice where an electric utility 
(municipal or private) offers blocks of "Green Power" to 
customers to support the development of renewable re-
sources. Customers arrange to purchase a certain amount 
of "Green Power" (actually energy in kilowatt-hours) per 
month, for which they commonly pay a small premium to 

completely or partly offset any higher cost of renewable 
power sources. 

 
On the other hand, there also exist other groups that 

find wind turbines "huge and noisy industrial machines 
damaging local amenity". Besides, "visual intrusion" is 
one of the major factors determining opposition to wind 
energy (Figure 4). Many researchers believe [14-15] that 
people unconsciously realize that opposition on aesthetic 
grounds is subjective and is, therefore, often dismissed by 
public officials. They, then, rationalize their opposition by 
rising concerns such as noise, shadow flicker and birds, 
which can be objectively evaluated. 
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FIGURE 3 - Installed wind power capacity in Greece. 
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FIGURE 4 - Public opinion for various power production alternatives [14]. 
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To be objective, depending on the landscape character-
istics, modern wind turbines -with a hub height of 60÷100 
meters and a blade length of 30÷50 meters- form a visual 
impact on the scenery. However, in any case that man 
places structures in a terrain, its character immediately 
changes. Besides, it is a matter of taste -to a large extent- 
how people perceive that wind turbines fit into the land-
scape. Numerous studies [9, 12] in many European coun-
tries revealed that people who live near wind turbines are 
generally more favorable towards them than city dwellers. 

Another important aspect of wind turbines operation is 
the noise emission. From the human perception point of 
view, most people find it pleasant to listen to the sound of 
the waves at the seashore, called "white noise" (random 
emissions). On the contrary, a neighbor's radio produces 
some systematic content, which one's brain cannot avoid 
discerning and analyzing. If one generally dislikes his 
neighbor, he will no doubt be even more annoyed with that 
noise. That’s why sound experts define "noise" as "un-
wanted sound". According to this example, it is easy to 
conclude that the annoyance by wind turbine noise emis-
sions is also a highly psychological phenomenon. 

Therefore, in an attempt to obtain an unambiguous 
picture concerning the size and importance of the main 
environmental impacts of wind energy installations, the 
following topics are examined. 

 
 
VISUAL IMPACT 

Water and windmills have been in operation, during 
the last 800 years, all over Europe. Recently, wind turbines 
revived the matter of landscape aesthetics. They have been 
subject to hard criticism because they are "a new element" 
and because they are located in highly visible places in 
order to exploit wind conditions. The reaction to the sight 
of a wind farm is highly subjective. Many people see them 
as a welcome symbol of clean energy, whereas some find 
them unwelcome additions to the landscape. Thus, al-
though a wind plant is clearly a man-made structure, what 
it represents "may be seen either as a positive or as a nega-
tive addition" to the landscape. 

As already mentioned, the attitude towards wind en-
ergy is usually positive [9, 12]. However, the knowledge 
that a wind turbine will actually exist within a five-miles 
distance from their home seems to make people slightly 
less positive, i.e. the "NIMBY" (Not In My Back Yard) 
phenomenon [16]. According to various researchers [10, 
12] a negative view of wind turbines on the landscape is 
the major factor determining opposition to wind energy 
applications. 

Taking the above-described piece of information se-
riously into account, the industry has devoted consider-
able effort to carefully integrate the development of new 
wind-parks into the landscape. Computer-generated pho-
tomontages, animations and even fly-through, together 

with mapped zones of visual influence, provide objective 
predictions of appearance, e.g. [17-18]. 

One of the most significant methods to improve pub-
lic acceptance has been visual uniformity; i.e. the rotor, 
nacelle and tower of each machine look similar. They 
don't need to be identical. Additionally, it is equally im-
portant all towers to be of consistent height, while steel 
towers are found more aesthetically pleasing than the 
lattice ones, more widely used in the U.S.A. Professional 
designers have been employed by several wind turbine 
manufacturers to enhance the appearance of their ma-
chines. Finally, if turbines are faulty, the public may per-
ceive a wind farm to be unjustified -a waste of visual 
resources. Thus, when turbines do not operate or are per-
ceived as often broken, the public is far less likely to 
tolerate the turbines intrusion on the landscape. 

Finally, a more objective case of visual impact is the 
effects of the periodic reflections (glinting) or interruption 
(shadow flicker) of sunlight from the rotor blades [19]. 
Wind turbines, like other tall structures, will cast a 
shadow (or a reflection) on the neighboring area when the 
sun is visible. This is a problem only when turbines are 
sited very close to workplace or dwellings and occur 
during periods of direct sunlight. These effects may be 
easily predicted and avoided by carefully considering the 
machine-site and the surface finish of the blades. A com-
mon guideline used in N. Europe is a minimum distance 
of 6-8 rotor diameters between the wind turbine and the 
closest neighbour. A house, 300 meters from a contempo-
rary 600kW machine with a rotor diameter of 40 meters, 
will be exposed to moving shadows approximately 17-18 
hours (out of 8760h) annually. 

 
 
NOISE 

Sound emissions from wind turbines may have two 
different origins, i.e. mechanical noise and aerodynamic 
noise. Additional analysis reveals [20] that for most tur-
bines with rotor diameters up to 20m the mechanical 
component is the dominant one, whereas for larger rotors 
the aerodynamic component is the significant one. More 
precisely, mechanical noise may originate in the gearbox, 
in the drive train (the shafts) and in the electrical genera-
tor of the wind turbine. It is true that machines con-
structed during the early 80s or earlier do emit some me-
chanical noise, which in most cases may be heard even up 
to a 200m distance from the turbine. Nowadays, no manu-
facturer considers mechanical noise as a problem any 
longer, since within five years mechanical noise emis-
sions had dropped to half their previous level due to better 
engineering practices.  

On the other hand, three main categories of aerody-
namic noise sources [21-23] may be distinguished: 

��Discrete low frequency noise at the blade passing 
frequency and its harmonics. 



© by PSP Volume 12 – No 4. 2003   Fresenius Environmental Bulletin    

330 

��Self induced noise due to direct radiation by the at-
tached boundary layer on the rotor blade, due to 
flow field separation at the blade trailing edge and 
finally due to trailing edge instabilities involving 
quasi-discrete frequencies. 

��Broadband noise due to interaction between the in-
flow turbulence and the rotor. 

For almost all-existing commercial wind turbines op-
erating under normal conditions, the most significant 
noise source is the self–induced noise of the blades. How-
ever, for very large wind turbines the interaction of the 
atmospheric turbulence with the rotor can become pre-
dominant under certain conditions. 

Generally speaking, no landscape is ever completely 
quiet, since birds, animals and human activities create 
sound. Thus, when the wind hits different objects at a 
certain speed, it will start making a sound. From a techni-
cal point of view, as wind speed approaches the 6-7m/sec, 
the noise from the wind in leaves, shrubs, trees, masts etc. 
(background noise), will gradually mask any potential 
sound from wind turbines, (Figure 5). Of course, sound 
reflection or absorption from terrain and building surfaces 
may change the sound picture in different locations. The 
wind rose is, therefore, important to chart the potential 
dispersion of sound in different directions. 

The dB(A) scale, used by public authorities around 
the world, measures the sound intensity over the whole 
range of different audible frequencies. As a matter of fact, 
it uses a weighting scheme, which accounts for the fact 
that the human ear has a different sensitivity (better at me- 

dium -speech range- frequencies) to each different sound 
frequency. Besides, the dB-scale is a logarithmic one. 
This means, that as the sound pressure (or the energy in 
the sound) is doubled the dB index increases by approxi-
mately three points (e.g. from 97dB(A) to 100dB(A)).  

Other parameters being equal, sound pressure will in-
crease with the fifth (4th to 6th) power of the speed of the 
blade relative to the surrounding area [20]. That is why 
modern wind turbines with large rotor diameters have 
very low rotational speed (Figure 6). 

On top of that, the energy in sound waves (and thus 
the sound intensity) will drop with the square of the dis-
tance from the sound source (Figure 7).  

According to this fact, at one rotor diameter distance 
(∼ 40m) from the base of a wind turbine emitting 100dB(A) 
one will generally have a sound level of 60dB(A), corre-
sponding to a European clothes dryer, while four rotor 
diameters (170m) away one will have 44dB(A), corre-
sponding to a quiet living room in a house. 

Of course, in cases of two or more wind turbines lo-
cated at the same distance from one’s ears, the sound 
energy will double, increasing thus the sound level by 
3dB(A). One will actually need ten wind turbines placed 
at the same distance from the measurement point, in order 
to perceive that the subjective loudness has doubled. Fi-
nally, the fact that the human ear (and mind) discerns pure 
tones more easily than (random) white noise must be 
taken into account when doing sound estimates. 

 

 
 

FIGURE 5 - Background noise and turbine noise vs. wind speed [24]. 
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FIGURE 6 

Noise emission level by contemporary wind turbines, market data. 

 
 
 
 

Summarizing, sound pressure predicted or measured is 
typically around 96-101dB(A) (Figure 6) for commercial 
wind turbines. Thus, the sound pressure level at a distance 
of 40m from a typical machine is 50-60dB(A), about the 
same level as a conventional speech. A farm of ten wind 
turbines, with the nearest at a distance of 500m would 
create a sound level of about 42dB(A) under the same 
conditions, equivalent to the sound inside a quiet office. 

Ten years ago, wind turbines were louder than they 
are today (Figure 8). Serious effort has been devoted for 
the creation of the present generation of quiet machines, 
paying detailed attention to both the design of the blades 
[26-27] to avoid boundary layer separation [28] and to 
mechanical parts of the machine. As a result, noise is a 
minor problem for modern carefully sited wind turbines. 
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FIGURE 8 - Wind turbine technology amelioration impact on noise emission [25]. 

FIGURE 7 
Noise emission changes vs. the distance from the wind turbine.
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FIGURE 9 - Bird mortality in the Netherlands [19]. 

 
 
 
IMPACT ON BIRDS 

Birds often collide with structures that they cannot 
easily detect, like high voltage overhead lines, masts, 
poles and windows of buildings. More than a few are also 
killed by moving vehicles. Accordingly, the impact of 
wind turbines on birds can be divided into: 

• Direct impact, including risk of collision and effect 
on the breeding success. 

• Indirect impact, including effects caused by distur-
bance from the wind turbines (noise and visual dis-
turbance). 

 
Studies in Germany, the Netherlands, Denmark and 

the UK conclude [29] that wind turbines do not pose any 
substantial threat to birds, since bird mortality due to wind 
turbines is only a small fraction of background mortality.  

In Figure 9, the estimated number of annual bird 
deaths in the Netherlands from various man-made causes 
is presented [19]. According to the results given, more 
than three hundred times as many birds die from colli-
sions with moving vehicles than with wind turbines and 
seventy times as many are killed by hunters. A parallel 
study in Denmark has estimated the maximum level of 
birds’ collision with wind turbines to be in the range of 6-
7 birds/turbine/year. Equivalently, 25,000 to 30,000 birds 
annually die from collision with wind turbines that pro-
duce enough electricity for 600,000 families. For com-
parison purposes, in fact, over one million birds are annu-
ally killed by traffic in Denmark. 

Isolated examples have been reported concerning sig-
nificant damages on specific species, like geese and wad-
ers as well as golden eagles. For example, approximately 
three thousand cumulative bird deaths are related to the 
625MW of installed wind power capacity at Altamont 
Pass each year, including 39 golden eagles [30]. How-
ever, in this area a "wind wall" of turbines on lattice tow-
ers is literally closing off the pass, while during the early 
development stages of wind farms practically no meas-
ures are taken to avoid this problem. 

Another negative example [31] is referred to the 
Spanish wind farm of Tarifa, near the Strait of Gibraltar, 
which is a major bird migration route. This problem could 
have been avoided if the special circumstances in this area 
had been properly taken into account during the planning 
process of the wind farm. 

On the other hand, for the majority of wind power in-
stallations one can say that the birds get accustomed to wind 
turbines rather quickly and there are several examples of 
falcons nesting in cages mounted on wind turbine towers. 
Radar studies (during day and night) show [19] that birds 
tend to change their flight route some 100-200m upwind of 
the turbine and pass above or around it at a safe distance. 

Summarizing, we can say that the "avian mortality" is 
a real problem for commercial wind power plants (e.g. 
one bird for 100MWh of electricity-consumption of 25 
families) and every death is regretted. However, results 
should not be concluded by a few extreme cases of in-
creased bird mortality. Besides, wind power industry and 
wind farm developers have taken into account this issue 
seriously, and normally exclude new installations from 
bird-sensitive locations. 
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LAND USE 

The Achilles’ heel of wind energy has always been 
the charge that it is too land-intensive. It is true that wind 
energy is diffuse (∼ 500W/m2), while collecting energy 
from wind requires turbines to be spread over a wide area. 
More precisely, turbines should be separated by at least 
five to ten rotor diameters, in order the wind strength to 
be reformed and the air turbulence created by one rotor 
not to harm another machine downwind. 

Therefore, the amount of land needed varies from as 
little as 0.05km2/MW for California’s densely packed 
arrays of small old-fashioned wind turbines to the 
0.15km2/MW found in the openly spaced wind plants of 
northern Europe. As a rule of thumb, wind farms require 
0.08 to 0.13km2/MW or wind farm arrays occupy 50m2 of 
land for every m2 swept by the wind turbine’s rotor [32]. 
Onshore wind farms have the advantage of dual land use, 
since the 99% of the area occupied by a wind plant can be 
used for agriculture or remain as natural habitat. Further-
more, part of the installations can be made offshore. 

As stated above, less than 5% of the wind park area 
would be physically occupied by wind turbines, electrical 
equipment and access roads. Wind turbine foundations, 
though about 50m in diameter, are normally completely 
buried, permitting any existing agricultural activity to 
extend right up to the tower base.  

There is no evidence that wind farms interfere to any 
greater extent than this with arable or livestock farming. 
Modern wind plants use no more land than other means of 
energy generation, see also Table 1. For direct compari-
son between wind energy and fossil fuels, the total fuel 
cycle in each case must be taken into account. For exam-
ple, a wind plant in a moderately strong wind regime will 
use far less land than a coal mine and a conventional 
power plant, producing the same amount of electricity 
during a 20-year period. 

Effects on other terrestrial ecosystem primarily result 
from construction activity, land take and hydrological dis-
ruption. The scale of these effects will depend on the type 

of ecosystem, drainage, construction techniques & timing 
and restoration practice. On typical flat on-shore sites, 
installation does not to any significant level affect vegeta-
tion or fauna. In almost all E.U. countries wind power 
developers are obliged to minimize any disturbance of 
vegetation under construction of wind farms in combina-
tion with road works etc., on sensitive sites as mountain-
ous sites and offshore. 

 
 
ENERGY BALANCE AND  
MATERIALS REQUIREMENTS 

Though wind turbines do use energy-intensive mate-
rials, such as steel, glass reinforced polyester (fiberglass), 
and concrete (for foundations), according to three separate 
European studies [19] they quickly repay the energy con-
sumed in their construction. More precisely, modern wind 
turbines rapidly recover all the energy spent in manufac-
turing, installing, maintaining, and finally scrapping them. 
A typical wind farm reimburses its energy debt in 3 to 4 
months, in contrast to photovoltaics that present an amor-
tization time of almost seven years. 

As expected, most of the energy used to manufacture 
the turbine is contained in the rotor and nacelle. But more 
than one-third of the total energy consumed by the wind 
turbine is contained in the concrete foundation and the 
tower of the machine. A detailed life-cycle analysis [19] 
of wind turbines is done by D.W.T.M.A., estimating the 
energy content in all components of a wind turbine, and 
the global energy content in all links of the production 
chain. The resulting estimated energy requirements of a 
typical Danish 600kW wind turbine during its 20-year 
lifetime are shown in Table 2.  

Manufacturing a state of the art 600kW wind turbine 
takes 3.2TJ, taking into account everything, from produc-
ing raw material to installing a ready to operate machine, 
including 20 years of operation & maintenance and de-
commissioning. In suitable locations, the wind turbine 
will generate 1.1 to 1.4GWh per year in its projected 20-
year useful life.  

 
 
 

TABLE 1 
Land required per GWh of electrical energy for a 20-year period in Greece. 

Production Technology Maximum Land Required Minimum Land Required 

Wind Energy Installation 
Medium Wind Potential  

V≈6m/s  
1300m2 

High Wind Potential  
V≈9.5m/s 

 750m2 

Photovoltaic-Solar Station 
North Greece  

(1400kWh/m2)  
2900m2 

Crete  
(1650kWh/m2) 

2200m2 

Lignite-Fired Thermal Power Station 
Low Quality   
Megalopolis 

9500m2 

Medium Quality  
Ptolemaida 

6800m2 
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TABLE 2 
Specific energy demand during the operational life of a wind turbine. 

Process Specific Energy (MWh/kW) 

Manufacture 0.880 

Installation 0.228 

Operation & Maintenance 0.358 

Scrapping (Total) -0.098 

TOTAL 1.368 

 
 
 

According to the results obtained, at good sites, wind 
turbines pay for the energy in their materials within the 
first three to four months. Even at poor sites, energy pay-
back occurs in less than one year. 

A more extensive study was carried out in Germany 
examining wind turbines from 10kW to 3MW in size [33]. 
The analysis shows that even small wind turbines of 10-
30kW took only a year to recover the energy spent in 
manufacturing, installing and decommissioning them, 
while turbines of 55kW took some six months to recover 
the corresponding energy spent. 

A recent detailed study [34] concerning the material 
inputs of a wind farm is carried out for the Baix-Ebre 
wind farm in Spain, based on a life-cycle environmental 
impact assessment (LCA). Baix-Ebre wind farm com-
prises 27x150kW turbines on a high mountain ridge of 
Catalonia. While caution must be exercised with regard to 
this approach, as materials inputs may not be strictly 
proportional to installed capacity, the weights per MW 
give useful approximate generalized estimates, which are 
more widely applicable.  

From the data gathered, it is clear that the material 
inputs required for a wind farm are dominated by the 
concrete (reinforced) for the turbine foundations and by 
the steel from which the turbine towers are fabricated. It 
is conceivable that a wind farm could, on reaching the end 
of its operating life, be refurbished by installing new 
nacelles and rotors on top of the existing towers and 
foundations. This would reduce the material inputs re-
quired for the "second generation" wind farm by well 
over 80%.  

Lastly, if there is sufficient demand for the secondary 
raw materials, wind turbines can be regarded as being 
mainly composed of recyclable materials. The principal 
unresolved issue from an environmental perspective is the 
recycling of rotor blades [35]. 

Water use is another significant issue in energy pro-
duction, particularly in areas where water is scarce. Con-
ventional power plants use large amounts of water for the 
condensing portion of their thermodynamic cycle. Small 
amounts of water are used to clean wind turbine rotor 

blades in arid climates, to eliminate dust and insect build 
up, which otherwise deforms the shape of the airfoil and 
degrades performance [36]. According to calculation 
results, wind power plants use less than 1/600 as much 
water per unit of electricity produced as the nuclear does 
and approximately 1/500 as much as coal [37]. 

Finally, decommissioning will include the removal of 
all above ground elements of the development as a mini-
mum, as well as the restoration of the original site. In 
most cases, the decommissioning costs can be recovered 
from the scrap value of the turbines and copper wiring 
from the project. Indeed, another significant environ-
mental benefit of wind energy is that wind turbines can 
easily be decommissioned, in comparison with other 
generating technologies. 

 
 
WIND ENERGY IMPACT ON THE 
DIMINUTION OF AIR POLLUTION 

Air pollutants are primarily emitted from the various 
energy transformation processes based on fossil fuels. 
Today SO2, NOx, CO and volatile organic compounds 
(VOCs) are considered as the basic air pollutants, along 
with the CO2, which is the result of using carbon as a fuel. 
These major pollutants may cause detriment at very dif-
ferent concentration levels, according to their toxicity 
factors [3]. Figure 10 presents the time varying contribu-
tion of the electricity production sector on the national 
annual production of the above pollutants. As it is obvi-
ous from the data of Figure 10 electricity production is 
responsible for about 48% of the national CO2 emissions, 
along with 68% of SO2 and 20% of NOx. 

More specifically, according to recent research and 
official data [3,38], every MWh of electricity consumed 
in Greece is considered to be responsible for almost 18kgr 
of CO, 4.3kgr of NOx, 6.4kgr of SO2 and 1054kg of CO2. 
This significant environmental surcharge is directly con-
nected to the continuous fossil fuel consumption in order 
to meet the amplified energy requirements of Greek soci-
ety. Similar results [19] are also valid (Table 3) for almost 
all E.U. country members. 
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FIGURE 10 - Electricity sector contribution to air pollution in Greece. 

 
 
 
 

TABLE 3 - Specific emissions (kg/MWh) from fossil-fuelled electricity plants vs. wind parks. 

Air Pollutant Netherlands UK Denmark Greece Wind Power 
CO2 872 936-1079 850 1054 7 
SO2 0.38 14.0-16.4 2.9 6.4 0.087 
NOx 0.89 2.5-5.3 2.6 4.3 0.036 

 
 
 
 

TABLE 4 - CO2 Emissions (kg/MWh) from various electricity production technologies [19]. 

Technology Fuel Extraction Construction Operation Total 
Coal-fired 1 1 962 964 
Oil-fired - - 726 726 
Gas-fired - - 484 484 
Nuclear 2 1 5 8 
Wind - 7 - 7 
Small Hydro - 10 - 10 

 
 
 
 
Global warming due to anthropogenic emissions (e.g. 

CO2 and CH4) is now generally accepted as a fact; hence 
the IPCC (Intergovernmental Panel on Climate Change) 
scientists expect major ecological changes. In the EU, 
approximately one third of CO2 emissions come from 
electrical power generation; thus for every 1% of conven-
tional generation capacity displaced by renewables, a 
0.3% reduction of total CO2 emissions is being achieved. 

Recapitulating, in Table 4 one may compare [19] CO2 
emissions from a large variety of electricity generation 
technologies. Thus far, neither satisfactory nor commer-

cially viable means of abating CO2 emissions from fossil 
fuelled plants have been devised. Among the most com-
mercially competitive technologies, wind energy and 
hydro power stations are assumed to be responsible for 
only 5-10kg CO2 per MWh produced. On the other side, 
coal-fired stations produce more than 950kgr CO2/MWh, 
while almost 730kgr CO2/MWh is attributed to oil-fired 
installations. 

Finally, SO2 and NOx are mainly responsible for 
acidification agents. The most important quantified ef-
fects of acid deposition are upon human health, building 
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materials, historical monuments and commercial forestry. 
Furthermore, there are major impacts upon ecosystems, 
both terrestrial and aquatic. According to damage costs 
derived using previous estimates of acidification [39], an 
optimistic value is approximately 6000 Euro per tonne of 
either SO2 or NOx. Besides, impacts are non-localized, as 
they may be experienced hundreds or even thousands of 
kilometres from the initial emission point. Comparing for 
example the SO2 and NOx emissions from fossil-fuelled 
generating plants (Table 3) with those produced by wind 
parks (i.e. 0.087kgrSO2/MWh and 0.036kgrNOx/MWh) 
on a wind turbine life cycle basis, one may state that the 
specific emissions of wind energy production plants are 
only a very small percentage, respectively, to those from 
fossil-fuelled plants. 

 
 
CONCLUSIONS 

It is the author’s articulated opinion that wind energy 
is a sufficient, mature, cost-effective and widely applica-
ble technology, especially for the Greek socio-economic 
situation. However, in some exceptional occasions, re-
markable negative environmental events are encountered. 
In order to explain and validate the real impact of wind 
energy applications on the environment, an introductory 
investigation is carried out, including visual impact, noise 
emissions, avian mortality, land use etc. Subsequently, the 
energy amortization period and the material requirements 
of a typical wind converter are estimated. 

• The main conclusions drawn from the above-
presented study are that the wind energy applica-
tions, especially during their first steps, impose -in 
a degree- unnecessary annoyance on human socie-
ties and local ecosystems. These sparse accidents 
at no case characterize the contemporary wind en-
ergy technology. Besides, one should seriously 
take into consideration the undeniable contribution 
of wind energy to the air pollution prevention. 

• In this context, wind energy developers and turbine 
manufacturers have realized a lot during the 
twenty-years of their participation in the wind po-
tential exploitation all over the world. Modern 
wind turbines are more quiet, safer, respect the 
landscape aesthetics, while special attention is paid 
during new project planning. 

For all the above-mentioned reasons, the society -if 
properly informed- eagerly supports the efforts of wind 
power sector to fulfill the electricity demand with clean 
energy. It is common belief that wind turbines are not 
inherently dangerous. Therefore, every aspect of a wind 
plant should convey the sense that wind energy is more 
benign than other forms of energy. Of course, wind indus-
try should continue placing the same effort on being a 
good neighbor as on being aerodynamic efficient, in order 
not only to maintain but also to increase the public accep-

tance of wind energy applications, all over the world. 
Recapitulating, the increase of wind energy penetration in 
the local fuel-mix is going to ameliorate the existing envi-
ronmental situation without invoking the long and short-
term hazards of thermal and nuclear power stations. 
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