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a b s t r a c t

After a long stagnating period during the second half of the 1990s, the market of wind energy in Greece

was described by remarkable but unstable growth rates that resulted in the operation of 1 GW of wind

power by the end of 2009. Still though, penetration of wind energy is not the one anticipated. On the

other hand, national targets regarding the Renewable Energy Sources’ (RES) contribution and existence

of excellent wind potential areas across Greece challenge new wind energy investments. Acknowl-

edging the unsteady development rates of wind power in Greece, efficiency of the State support

mechanisms is currently investigated. Based on an analytical evaluation model, the investigation

undertaken is extended to provide a detailed cost-benefit analysis of several wind energy case studies,

including mainland and island applications as well as comparison with both conventional power

stations and photovoltaic plants. For this purpose, the financial support provided by the State is directly

compared with benefits accruing from the operation of wind parks, considering also the avoidance of

social costs deriving from thermal power stations. Based on the results obtained, the beneficial

characteristics of wind energy applications for the Greek society are clearly demonstrated, especially in

the case of non-interconnected island grids.

& 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The electricity generation system of Greece may be divided
into two main sectors, i.e. first the mainland national grid, based
largely on the operation of centralized Thermal Power Stations
(TPSs), and secondly the various micro-grids of non-intercon-
nected Aegean Sea islands (on top of the Crete island), depending
almost exclusively on oil-based power generation (Kaldellis and
Zafirakis, 2007). The long-term dependence on fossil fuels, illu-
strated also in Fig. 1, is currently relying on the employment of
approximately 6.1 GW of steam turbines, principally using local
lignite reserves (Kaldellis et al., 2009a; Kavouridis, 2008) as well
as heavy oil imports, 2.3 GW of combined cycle power plants
using imported natural gas, and a total of 1.3 GW of oil based-
generation (gas turbines and internal combustion engines),
mainly used for covering the greatest share of electricity con-
sumption in the Aegean island micro-grids (Kaldellis and
Zafirakis, 2007). Additionally, the mainland electricity grid is also
supported by the operation of large hydropower plants (Kaldellis,
2008a) that exceed 3 GW and are used as peak shaving units
(including two pumped hydro units of almost 700 MW). Besides
ll rights reserved.
that, contribution of Renewable Energy Sources (RES) mostly
derives from wind energy applications (currently over 1 GW)
(HWEA, 2010), while a small proportion corresponds to small-
hydro (Kaldellis, 2007), biogas and industrial waste installations
(a total of 210 MW), with Photovoltaic (PV) plants still kept under
100 MW.

In this context, after experiencing a long stagnation period
(1994–1999) (Kaldellis, 2004; Papadopoulos et al., 2008), the
installed capacity of wind power applications in Greece exhibited
a mean annual increase rate of approximately 30%, that, however,
resulted in only yielding a total 3% of the country’s gross
electricity production during 2007 (Fig. 1). Considering also the
contribution of other RES installations, of critical importance is
the operation of large-hydro plants that during the past allowed
for the total RES share to reach a maximum of 14%, i.e. 6.1% lower
than the respective national target of 20.1% by the year 2010, set
by the 2001/77/EC Directive. This alone reflects the delay met in
the development of the RES market in Greece (Tsoutsos et al.,
2004), while the existence of excellent RES potential in many
regions and especially in island areas (Fig. 2) further aggravates
the situation encountered, e.g. excellent wind potential met in
many island areas remains largely unexploited (see also the
distribution of installed wind power capacity in Fig. 2 and the
annual contribution of wind energy in selected Aegean Sea Islands
(Kaldellis and Zafirakis, 2007)).

www.elsevier.com/locate/enpol
dx.doi.org/10.1016/j.enpol.2011.02.015
mailto:jkald@teipir.gr
mailto:http://www.sealab.gr
dx.doi.org/10.1016/j.enpol.2011.02.015


Time Evolution of the Greek National Gross Electricity 
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Fig. 1. Time evolution of the Greek national fuel mix in comparison with the respective growth of installed wind power capacity.

Fig. 2. Wind and solar potential map of Greece along with the geographical distribution of wind power applications at the end of 2009.
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Acknowledging the relatively slow development rates of RES
installations in Greece, efficiency of the current status support
mechanisms (Tsoutsos et al., 2008) should be evaluated. More
specifically, in the present study, an attempt is made in order to
critically review – on the basis of a detailed quantification
methodology – the efficiency of the State-funded financial sup-
port mechanisms for wind energy (Lewis and Wiser, 2007; Hiroux
and Saguan, 2010) in the Greek territory. Based on an extensive
cost-benefit analysis, gains or losses accruing from the support of
wind energy applications by the local State and ultimately the
local society shall either ground the rationale of a wind-based
electricity generation policy or designate the inefficient character
of these measures, leading either to their reformation or the shift
of support to other energy solutions available. For this purpose, a
number of case studies capturing the entire range of wind energy
applications in the Greek territory are currently examined, pro-
viding direct comparison results with both thermal power and
other RES solutions (PV applications in particular), in either the
mainland or the non-interconnected island areas. Prior to that, a
brief description of the existing support framework introduces
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the subject under examination, while accordingly a detailed
presentation of the proposed evaluation model is also available.
2. Description of the existing support scheme

2.1. Brief presentation of the initial cost subsidy opportunities

The Greek State, following the general directions of the EU,
characterizes RES-based investments (in particular wind energy)
as environmentally friendly energy solutions that may contribute
to the country development. In this context, it encourages the
implementation of similar projects by private investors since
1985/1994 (Laws 1559/85 and 2244/94) and provides actual
support on the basis of several financing schemes (Kaldellis,
2004). More precisely, all the RES-based projects, including wind
power, may be approved for subsidy under the several develop-
ment laws (since 1982), according to which every similar project
is subsidized by a remarkable portion ’’g’’ of its initial capital to be
invested ’’ICo’’. Actually, ’’g’’ takes values from 30% up to 55% in
special cases. Besides that, the State also guarantees the loan of
the potential investor, thus contributing directly in covering the
corresponding capital cost, while alternatively one RES-based
project may be also submitted for financial support to the
National Competitiveness Program (EPAN), operated by the for-
mer Ministry of Development with the financial aid of the EU
(FTP6/FTP7). For all these cases the private investor takes advan-
tage of a remarkable contribution on the initial capital to be
invested ’’ICs’’, which may be expressed as

ICs ¼ g ICo ð1Þ
2.2. The feed-in tariff mechanism

Another support mechanism of RES-based applications is the
so called ’’Feed-In Tariff’’ (FIT), used by several countries (Butlet
and Neuhoff, 2008; González, 2008) in order to compensate the
electricity provided to the consumption by RES-based power
stations. What the term actually describes is a per kWh payment
for electricity produced by a renewable resource, configured
mainly on the basis of technology status, geographical location
and installation size (Campoccia et al., 2009). High FITs are
usually provided to less cost competitive and less mature tech-
nologies in order to encourage the installation and innovation,
while similarly, less developed locations such as isolated island
grids and smaller scale applications are usually favored with
higher prices. Reinforcement of the FIT mechanism is guaranteed
on the basis of Power Purchase Agreements (PPAs). PPAs comprise
legal contracts between the RES electricity generator and the
power purchaser (i.e. the Hellenic Transmission System Operator
(HTSO) of the mainland network or the Public Power Corporation
(PPC) for the islands) and are often regarded as a key element for
the potential investor to secure project financing.

According to the scheme presented above, the HTSO guaran-
tees the absorbance of the RES-based electricity generation, in
priority, for the next 10+10 years and for a predefined energy
price (FIT) ’’po’’, relative to the electricity generation cost of the
entire system. More specifically, according to the Greek Law
3468/2006, Article 13 (Greek Government, 2006), the FIT value
may be annually readjusted, following a suggestion of the
Regulatory Authority for Energy and an approval by the Minister
in charge. Readjustment should according to the law follow the
annual weighed increase or decrease of average of the retail price
provided by the PPC, nevertheless, if the Regulatory Authority for
Energy and the Minister in charge decide an out of the box
increase or decrease of the values in order to promote certain
policy plans, values may change in accordance.

In this context, the budget available by the HTSO for covering
the cost of RES energy production derives from three distinct
sources, as these are clearly considered by the Greek Law 2773/99
(Greek Government, 1999) concerning deregulation of the Greek
electricity market, i.e.
1.
 Payments made by the power producers of the system through
the mechanism of settling imbalances between the planned
and the actual production of the mainland producers (vast
majority of which belongs to the PPC) based on the conduction
of a daily clearance by the HTSO (Greek Government, 2001);
2.
 Payments made by the PPC, being the power purchaser and
system operator of the island region, in order to compensate
the RES power producers of the non-interconnected island
areas; and
3.
 Payments made by the Greek society on the basis of green
taxes built into the retail price of electricity bills.

Considering also that the major shareholder of the PPC is the
Greek State (over 51%) and that the PPC is the major power
producer of the national system, it becomes clear that the cost
‘‘burden’’ of the first two sources is actually shouldered by the
Greek State. On top of this, according to the results so far released,
the green tax, that is configured on the basis of the deficit
appearing in the budget (due to the fact that the FITs are higher
than the marginal production cost of the system), corresponds to
the greatest part of the above described budget (in the order of
5.5 h/MWh of electricity consumed, see also Fig. 1). Thus, it is safe
to say that the support mechanism of FITs may be ultimately
perceived as a mechanism of social support (directly from the
society and indirectly through the State) towards the concept of
RES energy production.

Finally, emphasis must be given on the obligation of the local
network manager to absorb the wind-originated electricity gen-
eration, excluding the case that the technical minima of the
system are violated (Kaldellis, 2008b). This obligation is also
related with the transmission lines limit, hence the electricity
produced by remote wind-based installations cannot be trans-
ferred to the consumption. On the other hand, in island autono-
mous electrical grids, severe wind energy participation limits set
by the local network operator – in an attempt to protect the grid
reliability and stability – have up until recently constrained the
participation of wind energy at the levels of 10–15%, with higher
wind energy penetration implying increased wind energy curtail-
ments (Kaldellis, 2002). Contrariwise, excellent wind potential in
most of these areas (Fig. 2) in combination with the extreme
electricity production cost of the oil-based power stations that
may even exceed 1000 h/MWh (Fig. 3) still challenge new wind
power investments.

In this context, prices concerning wind energy applications in
Greece are configured according to the latest re-assessment
(February-2010) of the 3468/2006 law rates, providing 87.85 h/MWh
for mainland installations, 99.45 h/MWh for non-interconnected
island areas and 104.85 h/MWh for offshore applications.
3. Presentation of the analytical model

3.1. Assumptions of the analytical model

Considering the existing support framework for the promotion
of RES in Greece and the relatively slow development rates of RES
installations, an analytical cost-benefit model is currently elabo-
rated, with emphasis given on wind power. At this point, it is
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Fig. 3. Variation of the operating and the total electricity production cost of Autonomous Power Stations (APSs) in the Aegean Islands and Crete.
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important to mention that the model developed evaluates the
operation of such power stations in terms of social gains/losses
(meaning from the side of Greek citizens and not from the side of
RES investors), taking into account a certain number of implica-
tions and limitations that need to be laid down. In this context,
based on the discussion of Section 2, use of the term ’’social’’ so as
to describe the financial support offered to RES investments, may
be grounded on the basis of either direct (e.g. green taxes) or
indirect (through the State) support provided by the Greek society
and also on the acknowledgment that a small part of this financial
support may actually correspond to funds provided by the EU or
private parties (see also Section 2). Besides, it should be men-
tioned that although the local market has been deregulated since
2001, the State-funded PPC, being until recently the only national
electricity provider, is actually still monopolizing the national
electricity generation (with few exceptions), while at the same
time owns the national Transmission and Distribution (T&D)
system.

Thus, as one may conclude, distinctiveness of the Greek
market being apparent designates the fact of a deregulation by
euphemism and a direct relation between the main power
producer, provider and owner of the T&D system (i.e. PPC), its
main shareholder (i.e. the Greek State) and ultimately the Greek
society. As a result, similar is the situation for the case of social
gains accruing from the support of RES investments, since
avoidance of costs induced by the non-adoption of alternative
energy solutions, meaning fossil-fueled technologies, would be
otherwise shouldered by the PPC through the State support
(i.e. through taxes) and through the configuration of the appro-
priate purchase price of electricity for the Greek consumers, i.e.
the Greek society.

3.2. Analysis of costs and benefits

The energy yield of a wind power station (rated power ’’No’’) is
normally expressed via the following:

E¼ 8760CF No�dE ð2Þ

where ’’CF’’ is the corresponding capacity (or utilization) factor
of the installation and ’’dE’’ describes the line transmission and
transformer loss as well as any self-consumption and energy
curtailments of the power station on an annual basis. More
specifically, ’’CF’’ can be expressed as the product of the mean
technical availability factor ‘‘D’’ and the mean power coefficient
‘‘o’’ of the installation (Kaldellis, 2002), i.e.

CF ¼Do ð3Þ

The mean power coefficient, expressing the yearly averaged
energy production during an hour per kW of nominal power of
the station, takes into account the local wind potential and the
capability of the installed equipment (wind turbines) to exploit
the available potential. Accordingly, the technical availability
factor describes the hours of the year that the wind park is fault
and maintenance free, taking also into account the collaboration
with the local electrical network and the corresponding energy
yield absorbance of the electricity generation.

According to previous analyses by the author (Kaldellis, 2002;
Kaldellis et al., 2006), the present value of the investment cost of a
RES installation (after n years of operation) is a combination of the
initial cost and the corresponding maintenance and operation
cost. The initial cost includes the market price of the electro-
mechanical equipment (usually ex-works), the civil engineering
activities and the corresponding Balance of Plant (BOP) cost. Thus,
one may write

ICo ¼ Pr Noþ f Pr No ¼ Pr No ð1þ f Þ ð4Þ

where ’’Pr’’ is the specific ex-works price (h/kW) of the
technology used.

Subsequently, ’’f’’ expresses the installation cost (e.g. electrical
interconnection cost, access tracks, development cost, etc.), which
is given as a fraction (fE5–50%) of the ’’Pr’’ and ’’f.Pr.No’’ is called
the BOP cost, largely affected by the installation area and the
effects of economies of scale attributed to the larger machines.

Moreover, the Maintenance and Operation (M&O) cost can be
split into the fixed maintenance cost ’’FC’’ and the variable one
’’VC’’. Expressing the annual fixed M&O cost of the year ’’j’’ as a
fraction ’’mj’’ of the investment installation cost and assuming
an average annual increase equal to ’’gm’’, the value of ’’FC(j)’’ is
given as

FCðjÞ ¼mðjÞ ICo ð1þgmÞ
j
¼mðjÞPr No ð1þ f Þ ð1þgmÞ

j
ð5Þ

Finally, the variable maintenance and operation cost (Kaldellis,
2002) mainly depends on the replacement of specific major parts
of the installation, which may have a shorter lifetime than the
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complete power station and are normally replaced during certain
years of the operational life of the installation.

On the other hand, the total revenues for a specific year ’’j’’ –
resulting from the operation of a wind park – are mainly due to
the energy production sold to the national/local electrical grid. In
addition, for wind parks implemented before the Law 3468/2006
there was a monthly power compensation for the power added to
the local network, only for the interconnected electrical system.
Thus, the income of the wind power station during the year ’’j’’ is
given as

RðjÞ ¼ Ej po ð1þeÞjþ s
X12

l ¼ 1

Nmaxl

 !
pN ð1þeNÞ

j
ð6Þ

where ’’po’’ and ’’pN’’, respectively, are the energy price
(FIT, h/kWh) and the monthly power compensation (h/kW/mo)
at the start of the operation of the plant. More specifically, ’’pN’’
refers to a monthly remuneration for all 12 months of the year,
which is accordingly extended to capture the entire service period
of the installation. Thus, for every operational year of the
installation, there is a monthly compensation that depends on
the maximum output power of the station. Also, ’’e’’ and ’’eN’’ are
the corresponding energy price (FIT) and monthly power com-
pensation (average) annual escalation rates. Finally, ’’Nmax’’ is the
maximum output power of the station for every month of the
year and ’’s’’ is the average power contribution factor of the wind
power station to the local grid, defined by the 2244/94 Law, i.e.
s¼0.5 for wind parks.

On the other hand, according to the current (Tsoutsos et al.,
2004) legislation frame (Law 2773/99), a supplementary amount
from the investment revenues is directly transferred to local
municipalities existing in the surroundings of the wind park,
defined as a fraction ’’dp.R(j)’’, where dpE2–3%.

In order to obtain a clear cut picture of the amount that a wind
power investment returns to the Greek State and the society one
should also estimate the corresponding annual tax paid, ’’F(j)’’.
Actually, ’’F(j)’’ describes the tax paid during the ’’j’’ year, mainly
due to the revenues of the previous year. According to the Greek
tax-law, the ’’F(j)’’ depends on the law-defined tax-coefficient ’’j’’
(e.g. j¼30%), the net cash flow of the ’’j–1’’ year, the investment
depreciations, as well as the financial obligations of the enterprise
(Kaldellis, 2002). More precisely,

FðjÞ ¼fðjÞ bRðj�1Þ�dp Rðj�1Þ�FCðj�1Þ�VCðj�1Þ�CAðj�1Þ�Varðj�1Þc ð7Þ

where ’’CA’’ describes the initial capital depreciation and may
be simulated using a simple constant annual investment depre-
ciation model as

CAðjÞ ¼ ð1�gÞ
IC1

n1
þ

IC2

n2
þ

IC3

n3
þ

IC4

n4
þ � � �

� �
ð8Þ

with ’’ICk’’ and ’’nk’’ describing the initial cost and the corre-
sponding (law-defined) amortization period of the ’’k’’ category of
the investment capital (i.e. electrical, electronic, mechanical
equipment, civil engineering works, managerial-consulting ser-
vices, etc.). In Eq. (7) the term ’’Var’’ includes any additional cost
not described by the other terms, like financial obligations,
unexpected expenses, etc.

Accordingly, among the main benefits of the wind-based
applications one may mention the imported fossil fuel reduction
(otherwise destined to serve the needs of the PPC TPSs and APSs,
with the PPC being the almost exclusive user of these energy
imports) and the avoidance of carbon dioxide related taxes
(otherwise induced by the same TPSs and APSs of the PPC)
(Kaldellis et al., 2008). Note that Greece imports annually more
than 200 million barrels of oil equivalent (including natural gas,
electricity, etc.).
In this context, the annual oil saving due to the operation of
the wind power station may be estimated via the efficiency ’’Zd’’
of a typical TPS and the corresponding specific calorific value ’’Hu’’
of the fossil fuel consumed using the following:

MfðjÞ ¼
EðjÞ

ZdðjÞ
HuðjÞ

ð9Þ

The corresponding annual money savings due to the fuel
imports avoidance may be calculated as

DCðjÞ ¼Mf ðjÞ zðjÞpfuelðjÞ ð10Þ

with ’’pfuel’’ being the average fuel price during the year ’’j’’
and ’’z’’ being the appropriate coefficient that relates, e.g. the
diesel and heavy-oil quantities consumed with the corresponding
imported crude oil quantities.

Subsequently, the annual equivalent carbon dioxide emissions
avoided due to the operation of the wind park may be estimated
using the corresponding carbon dioxide emission coefficient (Kaldellis
et al., 2008) of the replaced TPS ’’eCO2

’’ (e.g. 0.5–1.3 kgCO2/kWhe) as

dCO2ðjÞ ¼ EðjÞ eCO2ðjÞ
ð11Þ

Hence, the carbon dioxide tax avoided is given via the
equivalent average specific tax value ’’tCO2

’’ using the following:

DTðjÞ ¼ dCO2ðjÞ tCO2ðjÞ
ð12Þ

Finally, investigating the environmental and macroeconomic
impacts of the wind-based power stations one should also take
into consideration several important parameters, described in
various international studies (Kennedy, 2005; Klaassen at al.,
2005; Stöglehner, 2003; Chien and Hu, 2008; Grubb et al.,
2006), like the air pollution reduction, the infrastructure improve-
ment, the GDP increase, the energy supply security as well as the
noise and visual impacts, etc.

In this context, in the present analysis one eventually takes
into consideration the so called ’’externalities’’ contribution by
introducing the corresponding net external cost ’’cex’’ (h/MWh) in
the proposed analysis, i.e. by subtracting from the external costs
of fossil fueled technologies the respective external cost of RES
installations on the basis of impact categories considered by the
Externe report (European Commission, 2003), i.e. human health-
mortality, human health-morbidity, building materials, crops,
global warming, amenity losses and ecosystems.

In an attempt to investigate the State-financial support ’’pt’’ to the
wind power stations one should take into consideration the analysis
of Eqs. (1)–(6). More specifically, the specific (per kWh/MWh of
electricity produced) financial support provided to the wind power
station can be expressed using the following:

ptðjÞ ¼
RðjÞ
EðjÞ
þ
g ICo YðjÞ
nmax EðjÞ

þpaux ð13Þ

where ’’nmax’’ describes the service period of the installation,
’’paux’’ takes into consideration all the auxiliary services (and any
additional problems induced) provided to the wind power station
by the local electrical network and ’’Y(j)’’ is used to transfer the
value of the capital cost subsidization at the specific year ’’j’’ on
the basis of the corresponding capital cost index ’’i’’.

On the other hand, the local network savings are mainly due to
the operating cost ’’cf’’ of the TPSs replaced (mainly fuel and
lubricants saving, service avoidance, etc.) and also due to a small
(E5%) percentage ’’x’’ of the constant cost reduction (e.g. service
period prolongation of the local TPS), i.e.

ctðjÞ ¼ cfðjÞ þxðcTPSðjÞ�cfðjÞ Þ ð14Þ

with ’’cTPS’’ being the total electricity generation cost of the
replaced TPS. In this context, any additional cost (or benefit) owed
to the operation of the wind power station instead of the TPS is
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expressed via the following:

DpðjÞ ¼ ptðjÞ�ctðjÞ ð15Þ

On the basis of Eq. (15), if ’’Dp’’ is positive the wind park
surcharges the Greek society for every kWh/MWh produced,
while in case that ’’Dp’’ is negative the wind park saves the
corresponding amount in comparison with the operation of the
existing TPS.

However, for a complete comparison of the two available
solutions one should also take into consideration of the direct
tax paid by the wind energy investment both to the local
municipalities and to the national fund. On the basis of the above
presented analysis, the total amount paid by the private invest-
ment ’’dt’’ is estimated as

dtðjÞ ¼
dpðjÞRðjÞ

EðjÞ
þ
FðjÞ
EðjÞ
¼ dpðjÞpo ð1þeÞjþ

FðjÞ
EðjÞ

ð16Þ

Finally, one should also take into consideration the annual
savings for the Greek State, owed to the oil imports reduction and
the carbon dioxide tax avoidance, on top of the rest of net
externalities related with the exploitation of wind energy instead
of using fossil fuels. As a result of this approach, the Greek society
benefits (for each MWh of electricity produced by the wind power
station) can be described by the following:

dxðjÞ ¼ dfðjÞ þdcdðjÞ þcexðjÞ ¼
zðjÞpfuelðjÞ

Zd Hu
þeCO2ðjÞ

tCO2ðjÞ
þcexðjÞ ð17Þ

Recapitulating, the total evaluation of the private wind energy
investments from the society point of view should also incorpo-
rate on top of the comparison of Eq. (15) the additional terms of
Eqs. (16) and (17). Thus, one may finally write

Dp�ðjÞ ¼ ptðjÞ�ctðjÞ�dtðjÞ�dxðjÞ ð18Þ
Table 1
Evaluation model parameters input data (Case Studies 1–3).

Problem input parameter Wind Mainland (natural

gas)

Wind Mai

(lignite)

First installation cost subsidy ’’g’’ 0.3 0.3

Coefficient of power ’’o(j)’’ 0.3 0.3

Technical availability ’’D(j)’’ 0.95 0.95

Specific ex-works price ’’Pr’’ (h/kW) 800 800

Nominal power of the plant ’’No’’ (MW) 20 20

Installation cost coefficient ’’f’’ 0.2 0.2

Fixed M&O cost coefficient ’’m(j)’’ 0.02 0.02

Mean annual increase of the fixed M&O cost

’’gm’’

0.02 0.02

Energy price (FIT) ’’po(j)’’ (h/MWh) 87.85 87.85

Mean annual increase of energy price (FIT) ’’e’’ 0.05 0.05

Mean annual increase of power remuneration

price ’’eN’’

0.05 0.05

Taxation coefficient ’’j(j)’’ 0.3 0.3

Share of revenues towards local municipalities

’’dp(j)’’

0.03 0.03

Amortization time ’’n’’ (years) 10 10

Efficiency ’’Zd(j)’’ of the TPS/APS 0.4 0.3

Fuel calorific value ’’Hu(j)’’ (MJ/kg) 47 6

Fuel price ’’pfuel(j)’’ (h/bbl) 45 0

Carbon dioxide emission factor ’’eCO2ðjÞ
’’

(kg/MWh)

500 1200

Carbon tax ’’tCO2(j)’’ (h/tnCO2) 15 15

Auxiliary service price ’’paux(j)’’ (h/MWh) 5 5

Service period of the installation ’’nmax’’ (years) 15 15

Operating cost ’’cf(j)’’ of the TPS/APS (h/MWh) 50 30

Constant cost reduction coefficient ’’x’’ 0 0

Electricity prod. cost of TPS/APS ’’ctps(j)’’

(h/MWh)

100 70

Net external cost ’’cex(j)’’ (h/MWh) 10 70
4. Application results and discussion

In order to apply the developed cost-benefit model for wind
power installations of the Greek territory, the author has selected
three representative test cases (see also Table 1). First, a compar-
ison is attempted between a wind energy project of a typical
medium-size island (Karpathos) and a respective one concerning
the Greek mainland, while accordingly, evaluation of the existing
support framework for wind park development in representative
Greek islands, starting from the Crete island, and taking into
consideration a large island (Lesbos), a medium-size (Karpathos)
and a small one (Skiros) is carried out.

Finally, in the last case study examined, comparison between
wind and PV-based applications for small (Skiros) and very small
islands (Anafi) is also considered by the author.
4.1. Island vs. mainland applications

The first case study currently examined is based on the
comparison between two different wind energy investment
projects, i.e. a wind park to be installed on a non-interconnected
Greek island (Karpathos) and a wind park to be installed on the
Greek mainland. Concerning the first case, a small scale wind park
of 2 MW is investigated for Karpathos, i.e. a representative
medium size Aegean island of excellent wind potential (mean
annual wind speed higher than 9 m/s), with the respective CF

expected to exceed 34% (Table 1, Karpathos-Wind column).
Furthermore, the plant’s technical availability is estimated in
the order of 85%, mainly due to the island characteristics of the
installation area, while the selected rated power of 2 MW is
thought to well suit the size of the local electrical grid
(Kaldellis, 2004).
nland Crete-

Wind

Lesbos-

Wind

Karpathos-

Wind

Skiros-

Wind

Skiros-

PV

Anafi-

PV

0.4 0.4 0.4 0.4 0.45 0.5

0.35 0.35 0.4 0.35 0.2 0.2

0.9 0.85 0.85 0.8 0.9 0.9

900 900 900 900 4000 4500

10 5 2 1 1 0.2

0.2 0.25 0.3 0.3 0.15 0.15

0.025 0.03 0.03 0.03 0.005 0.01

0.02 0.02 0.02 0.02 0.02 0.02

99.45 99.45 99.45 99.45 285 285

0.05 0.05 0.05 0.05 0.05 0.05

0.05 0.05 0.05 0.05 0.05 0.05

0.3 0.3 0.3 0.3 0.3 0.3

0.03 0.03 0.03 0.03 0.02 0.02

10 10 10 10 15 15

0.342 0.393 0.353 0.361 0.361 0.327

40 40 40 40 40 40

50 50 50 50 50 50

840 700 715 800 800 800

15 15 15 15 15 15

10 10 10 10 5 5

15 15 15 15 20 20

80 85 160 150 150 230

0.05 0.05 0.05 0.05 0.05 0.05

160 160 280 300 300 500

47.5 47.5 47.5 47.5 44 44
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On the other hand, the wind park to be installed on the Greek
mainland (e.g. Peloponnesus, see also Fig. 2 and Table 1, Wind-
Mainland columns) may be described by a lower CF (CF¼28.5%),
due to the less favorable local wind potential conditions (average
wind speed of 7.3 m/s), while since the magnitude of the main-
land network presents no actual limitations – in comparison with
the respective island networks – the rated power of the plant is
selected to reach 20 MW. Moreover, easier access to the installa-
tion area allows for both higher values of technical availability
and reduced first installation cost that is not expected to exceed
1000 h/kW. Contrariwise, the subsidy portion is kept lower than
that offered in the case of Karpathos, i.e. 30% compared with 40%.

Besides, an additional difference (existing until recently)
between the two investments derives from the (small) monthly
power compensation for the power added to the local network (in
h/MW/mo), valid only for the interconnected electrical system
case (Peloponnesus wind park). In this context, to consider also
the parameter of the local fuel mix, the comparison of wind energy
projects will be carried out on the basis of replacing either natural
gas or lignite (i.e. the two main electricity generation sources of
the fuel mix, see also Fig. 1) in the case of the mainland wind park,
and diesel and/or heavy oil (comprising the exclusive fuel suppli-
ers of the islands’ APSs) in the case of the island wind park.
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Fig. 4. Analysis of the State-financial support offered to wind energy applications
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Applying the evaluation model of Section 3.2, results obtained
for this first case study are included in Figs. 4–6. More precisely,
in Fig. 4 one may obtain the breakdown of the State-financial
support offered to the two wind park case studies, while in Fig. 5,
an attempt is carried out to present the detailed results of benefits
accruing from both the replacement of the TPSs’ operation and
the taxation fees of the under examination RES investments. In
addition, one may also encounter the benefits deriving from the
avoidance of energy imports and carbon taxes as well as from the
elimination of externalities (net externalities considered), attrib-
uted to the operation of TPSs, always in comparison with the
operation of wind parks. Finally, comparison between any finan-
cial support provided to private wind energy projects (Fig. 4) and
the respective financial benefits (Fig. 5) is given in Fig. 6.

In this context, the main conclusions that may be drawn from
the figures’ detailed analysis are the following:
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As expected, higher subsidy and FIT prices offered in the case
of Karpathos are the main contributors for the resulting State-
financial support of 120 h/MWh, corresponding to 100 h/MWh
in the case of the mainland wind parks (no variation of results
between lignite and natural gas to be expected) (Fig. 4).
Although less critical, the provision of auxiliary service by
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the existing APS is estimated at approximately 60,000 h/year
for the area of Karpathos, while the same specific cost for the
Greek mainland is estimated to be half the respective of island
regions, due to the comparatively negligible power share of
the mainland wind park, in comparison with the total
installed power of TPSs.
ii.
 As it occurs, the first installation cost subsidy is of low
importance for the cost-benefit outcome of both wind energy
cases (see Figs. 4–6), contributing approximately 8% to the
total State financial support of the wind energy kWh (for a
15-year period of operation). Moreover, as it results, the first
installation cost subsidy is eventually fully returned to the
Greek society, via both the supplementary amount offered to
local municipalities from the RES investment revenues and
the taxation fees of the RES investment net cash flows
(see also Fig. 5), while in the case of the mainland project, a
net positive surplus of 6.6 h/MWh may be recorded (Figs. 4–5).
iii.
 It is impressive to see, that in the case of the island wind park,
by only considering the cost avoided by the operation of the
local APS, full compensation for the State-financial support
offered to the wind park may be achieved (Fig. 6), opposite to
the case of mainland parks.
iv.
 Depending on the fuel type of the TPS to be substituted in the
mainland grid, there is significant difference in the balance
between the State-financial support received by wind parks
and the respective cost avoided by the operation of the TPS
(Fig. 6). More precisely, in the case that natural gas is
substituted, financial support of wind parks is found higher
than the benefit of fuel saving by 35 h/MWh, considering also
the taxation fees. On the contrary, if lignite is the fuel to be
substituted, the State-financial support offered is almost triple
the avoided cost of the lignite based power station.
v.
 The results obtained vary considerably in case that the social
cost avoided (including the net externalities, the carbon
taxation and the fuel imports) is considered as well, especially
in the case of mainland parks. Actually, the additional avoided
cost from wind parks substituting NG-powered stations is
estimated at the levels of 60–70 h/MWh, thus ensuring full
compensation of the State-financial support offered to the
former. Similarly, lignite-based electricity production replaced
means that the environmental cost of running such stations
(80–90 h/MWh) is avoided, thus allowing for the financial
support of mainland wind parks to be entirely counterba-
lanced, despite the use of domestic lignite reserves. Lastly,
concerning Karpathos, the addition of the social costs avoided
results in an overall net benefit of over 200 h/MWh.
vi.
 The consideration of the monthly power compensation in the
mainland (currently included for comparison purposes and to
also concern for installations prior to the 3468/2006 Law)
does not provide any appreciable financial support (2.4 h/MWh)
and is found to be even less important than the component of
auxiliary service provided to the local wind parks by the nearby
TPS and the local network. In this context, the termination of
this monthly power compensation by the Law 3468/2006 does
not alter the financial results. On the other hand, this elimination
le 2
acteristics of the islands under examination.

and Scale Size

(km2)

Population

(2001 census)

Peak dem

(MW)

ete Very big 8336 601,131 650.3

sbos Big 1630 90,436 65.0

rpathos Medium 301 6565 8.4

iros Small 215 2711 4.1

afi Very small 39 272 0.41
is of great policy importance, since it zeroes the contribution of
wind parks on covering the load demand of the local network.
4.2. Wind parks in various size Greek islands

The main aim of the current case study is the comparative
analysis of different size representative Greek island case studies,
based on the evaluation of the cost-benefit balance obtained by
the operation of local wind parks. For this purpose, the following
islands have been selected (see also information of Table 2):
1.
and
Crete, comprising the biggest autonomous island network of
the country, with almost 800 MW of installed thermal power
and 160 MW of wind capacity, also determined by a relative
peak demand of 650 MW and an annual energy consumption
of almost 3 TWh.
2.
 Lesbos, being one of the biggest Greek islands (third in size),
located on the North Aegean area, with a peak demand of
65 MW and an annual energy consumption of 300 GWh, partly
covered by the operation of 11 MW of wind power.
3.
 Karpathos, being a medium sized island with favorable wind
energy potential (installed wind capacity of 1 MW), belonging
to the Dodecanese complex (the second biggest after Rhodes).
The peak load demand is slightly above 8.4 MW, while the
corresponding annual energy consumption approaches
30 GWh.
4.
 Skiros, finally, being a small Greek island with excellent wind
potential that attracts considerable investing interest for wind
energy applications, also determined by an annual peak
demand of nearly 4 MW and annual energy consumption of
15 GWh.

Note that the size of wind energy applications currently
examined (see also Table 1) is directly related to both the
installed electrical power of the local island networks and the
respective maximum penetration limit for adding new wind
power plants (Kaldellis et al., 2009b), while very small scale
islands are not presently examined, due to the low possibility of
appreciable wind energy capacity being locally installed and
secondly due to the fact that evaluation results are already well
defined from the examination of larger islands. In this context,
according to the results of the analysis, the following conclusions
may be recorded (see also Figs. 7–8):
i.
 Regardless of the island network scale, the State-financial
support of wind parks in the island area ranges between 120
and 122 h/MWh, out of which almost 10 h/MWh concern the
first installation cost subsidy while another 10 h/MWh derive
from the indirect service of local APSs (i.e. auxiliary service) to
the operating wind parks.
ii.
 Savings accruing from the avoided operation of local APSs
(APS cost avoided), range between 85 h/MWh (Crete) and
165 h/MWh for the smaller scale islands (Fig. 7).
Annual energy

consumption (GWh)

Thermal power

capacity (MW)

Wind power

capacity (MW)

2961 791.2 160.2

300 52.6 11.025

29.7 8.7 0.95

14.7 6.4 0

0.954 0.67 0
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iii.
 In small and medium island cases examined (Fig. 8), the State-
financial support offered to wind parks is found to be lower than
the cost of operation for the local APSs. However the situation is
inversed in the case of big islands, where the cost of operating
the APS is gradually reduced, leading in the case of Crete, to a net
cost of 20 h/MWh (including also the taxation fees), i.e. 12% of
the Crete APSs’ electricity production cost.
iv.
 By also considering the savings from the reduction of oil
imports and the avoidance of carbon taxation (Figs. 7–8), the
positive impact of island wind parks may be clearly illustrated
in all cases examined, with Skiros yielding a net benefit of
190 h/MWh.

4.3. PV installations vs. wind parks in small islands

In the last case study investigated, an attempt is made to
compare the financial support measures offered by the Greek
State for wind energy and PV applications in autonomous island
networks. For the comparison to be applied, a small scale island of
the Aegean Sea is used, i.e. Skiros (already examined with regard
to the evaluation of wind parks), while accordingly, a second level
comparison extends the case study to also include a very small
island case where application of a medium PV station is studied
(Figs. 9–10). Before proceeding to the presentation of results,
however, one should consider the fact that a direct comparison
between the two RES technologies can only be attempted in terms
of the cost-benefit model currently applied. More precisely, there
are factors such as the technological maturity, the need to
establish a new market, the levels of local social acceptance, the
long and tedious licensing procedures, the employment opportu-
nities, the status of the technology R&D and others (Menanteau
et al., 2003; Papadopoulos and Karteris, 2009), that although
common as parameters to consider, introduce different support
requirements for each technology. As a result, multi-criteria
techniques are often adopted (Capros et al., 1988; Papadopoulos
and Karagiannidis, 2008), in order to capture issues such as the
synchronism of the network peak power demand with the
maximum power production of PVs and the smoother daily
energy generation profile of PV applications in comparison with
the even stochastic generation of wind power on the one hand, or
the problem of ground occupancy introduced by PVs, especially in
areas of limited space (e.g. small island cases) on the other.

Nevertheless, although acknowledging that there are several
factors affecting decision making concerning RES support
mechanisms, capturing the entire range of affecting parameters
is out of the scope of the present study which is mainly focused
on the financial evaluation of costs and benefits along with the
internalization of established externalities.

According to results obtained, the following conclusions may
be drawn:
i.
 Due to the high initial cost of PV applications the first
installation cost subsidy offered by the Greek State is of
major importance, approaching 65 h/MWh. On the other
hand, return to the State in the form of benefits via taxation
for PV applications only reaches 40% of the initial investment
subsidy, i.e. 25 h/MWh (Fig. 9). The opposite behavior is
exhibited by wind parks applications, where subsidy of the
first installation cost is not as important, thus found to be
returned to the Greek State via the respective taxation fees.
ii.
 Furthermore, what should be noted is that the current pricing
mechanism of electricity production from PV applications
introduces an energy price (FIT) that is almost triple the
respective offered for wind parks, i.e. 285 h/MWh (Fig. 9). As a
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result, State-financial support of PV applications is considerably
higher than the cost of operation for the local APSs (Fig. 10),
this entailing a financial burden for the Greek State, opposite to
the financial benefit deriving from the operation of wind parks.
Note that concerning Skiros, even in the case that the social
cost and the taxation fees are also considered, PV investments –
unlike wind parks – still appear to be cost-ineffective.
iii.
 In fact, the current level of financial support by the Greek
State concerning PV investments is justified only in the case
of very small islands, like Anafi, where the extremely high
electricity production cost of the local APS along with the
additional benefits entailed by the replacement of oil-based
power generation and the avoidance of the social cost, allow
for considerable support of PV investments (Fig. 10). Never-
theless, even in that case, the cost-benefit balance may be
determined by a total State support of 372 h/MWh against a
total State benefit of 403 h/MWh.
5. Conclusions

Synopsizing, one of the main conclusions of the specific work is
that financial motives offered by the Greek State concerning the
promotion of island wind parks are found to be inferior, even to the
cost of operating the local APSs, while if one takes also into account
the additional gains accruing from the production of wind energy,
the corresponding benefit is doubled. Besides, the same conclusion
is valid for mainland wind parks in case that a direct comparison is
attempted with the operation of NG power stations, while mainland
wind parks and lignite stations equate, providing that the social cost
of the corresponding TPSs is also – even barely – considered.

Furthermore, subsidy of the first installation cost for wind power
applications, comprising a serious motivation for potential investors,
is in the long-run returned to the Greek State via taxation fees, while
according to the results obtained, it is only partly responsible for the
configuration of the overall State-financial support. On the contrary,
of greater importance in terms of contributing to the overall State-
financial support is the provision of a fairly steady and guaranteed
wind energy price (FIT mechanism), that should ideally, however, be
configured in relation to the time-evolution of either the local or the
national electricity generation cost rates.

On the other hand, financial support offered to PV applications
in island regions is not justified on the basis of the respective
benefits accruing from the operation of such plants and the
substitution of oil-based power stations, except for the cases that
very small island networks of extremely high electricity produc-
tion cost are considered. In parallel, it must be noted that in
contrast to the initial investment subsidy of wind energy applica-
tions, the respective parameter is critical for the configuration of
the overall State-financial support of PVs, corresponding to values
that even exceed 65 h/MWh, while energy prices (FITs) offered to
PV applications may only be justified if other, hard to quantify
parameters, are also taken into account.
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