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Abstract

Hydropower is the most widely used renewable energy source worldwide, contributing almost with 18.5% to the fulfillment of the

planet electricity generation. However, most locations in Europe appropriate for the installation of large hydro power stations have

already been exploited. Furthermore, there is a significant local communities’ opposition towards new large power stations; hence, small

hydro power stations remain one of the most attractive opportunities for further utilization of the available hydro potential. Greece and

more precisely the country’s mainland possesses a significant hydro-power potential which is up to now only partially exploited. In

parallel, a large number of private investors have officially expressed their interest in creating small hydro power stations throughout the

country, encouraged by the significant Greek State subsidy opportunities for renewable energy applications. However, up to now a

relatively small number of projects have been realized, mainly due to decision-making problems, like the administrative bureaucracy, the

absence of a rational national water resources management plan and the over-sizing of the proposed installations. Certainly, if the above

problems are suitably treated, small hydro-power plants can be proved considerably profitable investments, contributing also remarkably

to the national electricity balance and replacing heavy polluting lignite and imported oil. In the context of the above interesting issues, the

present study reviews in detail the existing situation of small hydropower plants in Greece and investigates their future prospects as far as

the energy, economic and environmental contribution are concerned.

r 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

During the last 800 years watermills have been in
operation all over Europe, covering the needs of local
habitants for mechanical power. Later, at the beginning of
the twentieth century, watermills were replaced by fossil-
fuel (coal, oil, nuclear, etc.) fired electricity generation
plants. Recently, the depletion of world oil reserves and the
significant environmental degradation have revived the
interest on renewable energy sources (RESs). In this
context, emphasis is laid on the exploitation of wind and
solar potential, with remarkable success. However, hydro-
power is still the most widely used RES worldwide (Paish,
2002; Frey and Linke, 2002), contributing almost with
18.5% to the fulfillment of the planet electricity generation
(IEA, 2006; Department of Energy and United Stated of
e front matter r 2006 Elsevier Ltd. All rights reserved.
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America (DOE), 2006). Taking into consideration that the
most appropriate locations in Europe for the installation of
large hydro power (LHP) stations have already been
exploited as well as the strong opposition (Kaldellis and
Vlachou, 2002) of local communities towards new hydro
power stations claiming important environmental impacts,
small hydro power (SHP) stations remain an attractive
opportunity for further utilization of the available hydro
potential throughout Europe.
In fact, SHP stations constitute remarkable energy

production installations with considerably less environ-
mental impacts, since in most cases they utilize local water
resources without the need of extended infrastructure
facilities and the construction of huge dams. More
precisely, according to the existing international nomen-
clature (Fritz, 1984; International Hydropower Associa-
tion-Canadian Hydropower Association (IHA), 2000), the
rated power of a SHP station is usually less than 10MW,
while all stations with rated power less than 1MW are
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characterized as mini. For very small applications (rated
power less than 50 kW) one may also use the expression
‘‘micro hydro power station’’.

According to the EU ‘‘white paper for the energy’’
(European Commission (EC), 1997), Greece, being a
European Union member, should cover (2001/77/EC) the
20.1% of its electricity consumption by RES up to 2010.
Unfortunately, in 2005 the RES contribution has been
hardly 11%, see also Fig. 1, mainly due to the LHP plants
electricity generation. Bear in mind that, currently, 15 LHP
stations operate in Greece with a total rated power slightly
above 3000MW (Kaldellis and Vlachou, 2002). Messo-
chora LHP plant (170MW), although completed since
1998, has never operated (Fig. 2) due to strong reactions
and legal restrictions against Greek Public Power Corpora-
tion (PPC) caused by local habitants mainly due to disputes
concerning the available water potential management.

More precisely, Greek electricity generation is based
mainly on locally extracted low quality lignite as well as on
imported natural gas and heavy polluting oil, used mainly
in autonomous island power stations (Kaldellis et al., 2004,
ELECTRICITY GENERATION ANALYSIS FOR GREECE (2004)
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Fig. 1. Electricity generation analysis for Greece, 2004.
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Fig. 2. Time-evolution of installed hydro power in Greece.
2005a). In this context, taking into account that the current
contribution of wind energy is slightly above 2% of the
national energy balance and the stagnation of LHP
stations during the last 10-years, Fig. 2, SHP plants
constitute one of the most realistic opportunities for
approaching the national targets, dictated by the 2001/77/
EC Directive.
Actually, Greece and, more precisely, the west part of

the mainland, possesses a significant hydro-power potential
which has been up to now only partially exploited
(Kaldellis and Vlachou, 2002; EC, 1999). It is important
to mention that the ground morphology (topography) in
combination with the high precipitation, especially in the
Greek mainland, facilitates the application of similar
power stations (Korbakis and Kaldellis, 2001). According
to the available data, only a minor part of the local water
potential is up to now exploited (Korbakis and Kaldellis,
2001; Papantonis, 2001). Hence, the present analysis scope
is to review the existing situation and contribute to a better
development of the available small hydro potential.

2. Existing small hydro power stations

The first SHP station operating in Greece since 1927 is
the one of Glafkos (1.6MW) located in N. Peloponnesus
(Papantonis, 2001), while the SHP station of Vermio
(1.8MW) has been also erected in central Macedonia
almost during the same period (1929). Up to 1994, only
eight SHP stations, belonging to the State controlled Greek
PPC, had been operating with a total rated power equal to
42.8MW. After the application of the 2244/94 law
permitting the installation of power stations based on
RESs by private investors (Kaldellis, 2001), an increased
interest, to create new SHP plants throughout Greece, has
been expressed. In this context, a remarkable number of
private SHP has been installed after 2000, i.e. almost 40
new plants were erected between 2000 and 2005, while the
corresponding rated power has been increased by more
than 120%, Fig. 2.
More precisely, according to the most recent (beginning

of 2006) available official information (Greek Ministry of
Development, 2006; Regulatory Authority of Energy
(RAE), 2006; PPC, 2006) currently in Greece approxi-
mately 50 SHP plants are in operation with rated power
equal to 93.3MW. These power stations have been almost
equally distributed in Macedonia, Epirus, Central Greece
and West Peloponnesus, Fig. 3. Using the available
information, 21 SHP stations (Table 1) have rated power
between 1 and 10MW representing the 82% of the entirely
installed power (i.e. 75.5MW). On the other hand, the rest
29 stations belong to the group of mini installations
(o1MW), Table 2, with a total capacity of 16.75MW.
At this point it is important to note that nine out of these

50 power plants are in the possession of Greek PPC
representing 45.7% of the installed power, four are
belonging to local municipalities, while the rest are private
investments. In Figs. 4 and 5 the geographical distribution
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GEOGRAPHICAL DISTRIBUTION OF INSTALLED
SMALL HYDRO POWER IN GREECE (2006)
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Fig. 3. Geographical distribution of installed small hydro power in

Greece.

Table 1

Small hydro power stations in Greece

Location/name Property Power (MW)

1 Vermio I PPC 1.8

2 Giona, Fokida PPC 8.5

3 Patra, Glafkos PPC 3.6

4 Stratos II PPC 6

5 Tsivlos, Akrata Private 2.82

6 Ag. Marina, Lakonia Private 1.0

7 Klitoria, Achaia Private 1.3

8 Makroxori, Veria PPC 10.8

9 Louros PPC 10.3

10 Kerinitis, Achaia Private 2.6

11 Lambia, Ilia Private 1.47

12 Katarraktis, Arta Private 2.4

13 Ano Goura, Arta Private 3.9

14 Nerotrivi, Ioannina Private 1.94

15 Kastaniotiko, Trikala Private 1.95

16 Merlika Garefiou, Pella Private 1.83

17 Roufraktis, Serres Private 3.0

18 Moni Panagias, Serres Private 1.2

19 Inachos, Fthiotida Private 4.5

20 Thermorema, Fthiotida Private 3.5

21 Agioranitiko, Fokida Private 1.9

Table 2

Mini hydro power stations in Greece

Location/name Property Power (kW)

1 Xerias, Kavala Municipality 938

2 Piges Goura, Ioannina Private 930

3 Goura-Anatolikis, Ioannina Private 700

4 Goura-Mikro Peristeri Ioannina Private 990

5 Piges Klifki, Ioannina Municipality 100

6 Vatsounia-2, Karditsa Private 600

7 Rema Gonnon, Larissa Private 650

8 Rema Prodromou, Larissa Private 995

9 Sarakinos, Volos Municipality 750

10 Arapitsas, Imathia Private 625

11 Sarantovrisses, Imathia Private 570

12 Agios Ioannis, Imathia PPC 700

13 Limnes Panagitsas-1, Pella Private 500

14 Limnes Panagitsas-2, Pella Private 60

15 Limnes Panagitsas-3, Pella Private 150

16 Arkoudorema, Pella Private 350

17 Technites Limnes, Pella Private 560

18 Mpistritsa, Pella Private 220

19 Touplitsa, Pella Private 830

20 Patinta, Pella Private 560

21 Krasochoritiko, Serres Private 650

22 Agkistro, Serres Municipality 500

23 Kirfi, Viotia Private 760

24 Elikon, Viotia Private 650

25 Monastiraki, Evritania Private 980

26 Pougkakia, Fthiotida Private 850

27 Gorgopotamos, Fthiotida Private 155

28 Agia, Crete PPC 300

29 Almiros, Crete PPC 300

Fig. 4. Geographical distribution of small hydro plants in Greece, Table 1.
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of small and mini hydro-power installations is depicted.
Keep in mind that the biggest SHP plants belong to PPC,
while the rated power of the largest private station is
4.5MW, see also Table 1.

In order to underline the entirely different utilization
concept of small and LHP stations, one may compare their
corresponding capacity factor for a considerably long time
period. More specifically, the capacity factor CF of an energy
production installation (Kaldellis and Kavadias, 2006) of
rated power N0 for a given time period Dt is defined as:

CF ¼
EðDtÞ

DtN0
, (1)
where E(Dt) is the energy yield of the installation under
investigation during the specific time period Dt. For this
purpose, the capacity factor time evolution of the large and
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Fig. 5. Geographical distribution of micro hydro plants in Greece,

Table 2.

UTILIZATION DEGREE OF LARGE AND SMALL HYDRO
POWER STATIONS OF PPC

0
5

10
15
20
25
30
35
40
45
50

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Year

C
F

 (
%

) TOTAL SHP STATIONS

TOTAL LHP STATIONS

Fig. 6. Comparison of the utilization degree of Greek PPC hydro power

stations.

Utilization Degree Comparison Between a
Large and a Small Hydro power Station in the Same Region
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Fig. 8. Energy yield of Glafkos SHP station in the course of time.
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small PPC hydro-power stations is shown in Fig. 6, for
which extended official operational data are available for
more than a decade. In fact, the average capacity factor of
SHP stations is more than twofold the corresponding value
of LHP plants for the last decade examined. This can easily
be understood if one takes into account that most LHP
stations are used mainly to meet the corresponding peak
load demand of the national network, while the SHP
stations are operating on the basis of the available water
potential, primarily to maximize their electricity generation
(Kaldellis et al., 2006).

In order to better perceive the different utilization
strategy applied to large and SHP stations one may
observe in Fig. 7, the electricity yield of two representative
nearby hydro stations (i.e. Stratos-I, 150MW and Stratos-
II, 6MW) located in West-Central Greece (Fig. 4)
throughout an entire 3 year period. As it is obvious from
the data of Fig. 7 the SHP station operates with quite high
capacity factor values during the May–October period
every year on the basis of the available water potential. On
the other hand, the LHP station operates throughout the
year, using the water stored in the corresponding dam to
cover increased power demand of the national network. In
special cases, when excess water is stored, a spontaneous
energy yield increase is encountered. The typical operation
of a SHP station is also validated by the energy yield of
another representative power plant located in S. Greece
(Peloponnesus), i.e. Glafkos 3.6MW, Fig. 4. According to
the capacity factor time-evolution profile, Fig. 8, the above
mentioned station operates mainly during the wet
months of the year, while the electricity generation during
the dry months of the year is only the one fifth of the
corresponding wet months’ value. In fact, the electricity
generation of most SHP stations is in accordance with the
available natural water potential, see for example Fig. 9,
where one may observe the long-term (over a 20-year
period) average monthly volume flow rate of a typical SHP
plant.
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LONG TERM AVERAGE WATER VOLUME RATE
FOR A TYPICAL SMALL HYDRO POWER STATION
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Fig. 9. Twenty-year average water volume rate for a typical SHP station.

SMALL HYDRO POWER INSTALLATIONS WITH
PRODUCTION PERMISSION IN GREECE (2005)
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Fig. 10. SHP stations with production permission in Greece (end 2005).
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3. Prospects for new small hydro power stations erection

As already mentioned the available small hydro poten-
tial in Greece is quite high, hence there are many suitable
locations for developing new stations. In this context, one
may state that there is an increased investors’ interest
regarding the erection of small and mini hydro power
plants (Greek Ministry of Development, 2006; RAE, 2006).
Particularly, two categories of investors appear in the
Greek RAE records (RAE, 2006). The first group includes
those who have already taken the permission to construct
new installations. The second category concerns the
investors which have already submitted their application
and are waiting for the corresponding evaluation (positive

or negative) by the Greek RAE.
Until today, more than 230 private investors have in

their possession the permission to produce energy by SHP
plants. The total rated power of all these installations
exceeds the 610MW. In Fig. 10 one may find the major
Greek areas where the new SHP stations are situated. The
majority of them are to be erected in Epirus, Central
Greece and Macedonia. An important rated power is also
to be installed in W. Peloponnesus and in Thessaly.

On top of this, a number of proposals concerning SHP
plants—submitted between 2001 and 2005—have been
positively evaluated, however for various reasons they have
not yet received the production permission by the Ministry
of Development. Furthermore, another 533 proposals have
been negatively evaluated by RAE during the same period.
Finally, 125 recent proposals (rated power 341MW) have
been submitted to RAE, expecting the corresponding
evaluation decision. At this point it is quite impressive to
note that if all these plants are to be implemented, the
contribution of the SHP stations in the national electricity
generation should attain the value of 5%, strongly
improving the national efforts to meet the 2001/77 EU
Directive target.

In view of the above mentioned target, the local
electricity market liberalization started in February 2001,
leading to fundamental changes in the corresponding
power industry (Kaldellis, 2001). At the same time, the
Greek State integrated the new Renewable’s legislative
frame, based on the 2244/94 law. According to this frame,
the electricity produced by renewable sources (like small
hydro) is sold to local utilities at a fixed percentage
(70–90%) of the corresponding retail-market price (Mon-
tesa et al., 2005). In addition, the Greek RAE (RAE, 2006)
along with the Ministry of Development (Greek Ministry
of Development, 2006) are in charge of facilitating private
investments in the energy production sector. More
specifically, RAE has the authority to judge all the new
energy production applications making also the final
proposals to the Ministry of Development about the
forthcoming energy production plants (i.e. expressing
positive or negative judgment).
The evaluation of each SHP project is carried out step by

step taking initially into consideration several parameters
such as:
�
 environmental issues,

�
 the location of the proposed installation and the

proprietary rights of the water resources,

�
 the installation safety, and

�
 the integrity of typical documents required.
Accordingly, RAE examines a number of techno-
economic parameters, like the installation capacity factor,
the available water potential exploitation degree and the
investment internal rate of return (IRR). In fact, a SHP
plant proposal is positively evaluated if the capacity factor
(see Eq. (1)) of the installation satisfies the following
criterion:

CFX30%. (2)

Subsequently, the energy exploitation degree of a SHP
station expresses the annual water volume passing through
the turbine, in relation with the total available water
volume of the waterfall. In order a new SHP plant to
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obtain positive evaluation, this ratio should be at least
75%.

Finally, one of the major prerequisites of new SHP
investments is to produce energy with a financially
attractive efficiency (Kaldellis et al., 2002, 2005b). In this
case one should examine whether the investment’s IRR is
higher than a given limit, i.e.:

IRRX5%. (3)

Unfortunately, one of the basic problems that a new
SHP investment faces is the bureaucracy, regarding the
number of supporting documents and the public depart-
ments an investor has to apply to in order to gather the
documents required. In Fig. 11 one may find the basic steps
that an investor should follow in order to create a new SHP
plant in an appropriate location. As it is obvious from this
Fig. 11, one should apply to more than twenty public
departments in order to accomplish his project, while the
Regulatory Authority for Energ
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Fig. 11. The officially implementation
minimum time required is almost two years, on top of the
time required in order to carry out the necessary hydro
potential measurements.
4. Financial behavior of small hydro power stations

Hydro power stations are normally characterized as
capital-intensive investments, since they require high initial
capital for the installation of the power plant and relatively
low operation and maintenance cost. Besides, SHP plants
cannot take advantage of any scale economies due to their
small size, however they face limited infrastructure cost,
since in most cases there is no need for extended dams, if
any, as in the run of the river applications.
More precisely, the initial cost of a SHP of rated

power No includes the market price of the electromecha-
nical equipment (usually ex-works), the civil engineering
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activities and the corresponding balance of plant cost
(Paish, 2002; Kaldellis et al., 2005b; Hosseini et al., 2006).
Thus one may write:

IC0 ¼ PrN0ð1þ f Þ, (4)

where the specific (reduced) ex-works price Pr (h/kW) of
the SHP—at the time point where the station starts its
operation (normally 2–3 years are needed to develop a new
SHP in Greece)—is given as:

Pr ¼ Pr1 þ Pr2. (5)

Keep in mind that Pr1 describes the electro-mechanical
equipment reduced cost, being mainly a function of the
hydro turbine nominal power N0 and the corresponding
head H, hence one may write for the local market:

Pr1 ¼
b0

Nb1
0 Hb2

(6)

with b0 ¼ 3300 h, b1 ¼ 0:122 and b2 ¼ 0:107.
On the other hand, Pr2 expresses the specific cost of civil

engineering works, including infrastructure, land purchase,
dam construction (if necessary), weir and intake, water
canal, forebay tank, penstock etc. Unfortunately, it is not
possible to simulate the Pr2 value, since it depends on the
local situation of every specific site. Generally speaking,
according to the experience (Paish,2002; EC, 1999;
Papantonis, 2001; Kaldellis and Kavadias, 2006; Kaldellis
et al., 2005b; Hosseini et al., 2006; Georgakelos, 2002;
Karlis and Papadopoulos, 2000) of a remarkable number
of installations, Pr2 can be expressed as:

Pr2 ¼ xPr1 (7)

with x currently taking values for the local market between
0.3 and 1.0 (the exact value depends on the intangible
expenses of similar installations). The higher x values
appear in cases of dam construction (usually earthen) and
long penstock utilization.

Finally, f expresses the installation and soft costs (e.g.
electrical interconnection cost, access tracks, development
cost, etc.), which is given as a fraction (f � 5210%) of the
Pr (or Pr1).

The maintenance and operation (M&O) cost can be split
(Kaldellis, 2002) into the fixed FC and the variable cost VC.
Actually, the annual fixedM&O cost is expressed as a fraction
m1 of the electromechanical equipment ex-works price plus a
fraction m2 of the civil engineering work cost, assuming also
an annual increase equal to the corresponding inflation rate
gm. In most cases the fixed M&O cost of a SHP installation is
constant for the first 10–15 years of operation of the power
station, taking values in the order of 1% of the initial capital
invested, hence the present value of FC is given as:

FCn ¼ ðm1Pr1 þm2Pr2ÞN0
ð1þ gmÞ

ð1þ iÞ

� 1þ
1þ gm

1þ i

� �
þ � � � þ 1þ

1þ gm

1þ i

� �n�1
" #

, ð8Þ

where i is the investment interest rate.
The variable M&O cost (Kaldellis et al., 2005b;
Kaldellis, 2002) mainly depends on the replacement
frequency of the installation major parts (renovation),
which may have a shorter lifetime than the complete power
station, e.g. electrical generator, rotor blades, etc. Bear in
mind that this cost component becomes significant
normally after 10 or 15 operational years of the SHP
station.
In this context, the present value of the total investment

cost Cn of the SHP installation after n years of operation
reads:

Cn ¼ ð1� gÞIC0 þ FCn þ VCn, (9)

where g is the subsidy percentage by the Greek State or the
EU.
Subsequently, the total savings over an n-year period—

resulting from the operation of a SHP station—are mainly
attributed to the energy production E sold to the national
electrical grid. In addition, there is a monthly compensa-
tion for the power added to the local network. On the other
hand, according to the current legislation frame (Law 2773/
99), a supplementary amount from the investment revenues
(p ¼ 223%) is directly transferred to the local municipa-
lities, in order to approve the SHP installations in their
location. Thus, the present value of the total SHP station
income (operating for n years) is given as:

Rn ¼ Ecð1� pÞ
Xn

j¼1

1þ e

1þ i

� �j

þ s
X12
j¼1

Nmaxj

 !
cNð1� pÞ

Xn

j¼1

1þ eN

1þ i

� �j

, ð10Þ

where c and cN are the energy price (h/kWh) and the power
reimbursement per month (h/kW/mo) respectively. Cur-
rently c equals to 0.07 h/kWh while cN equals to 1.5 h/kW/
mo. Also e and eN are the corresponding electricity price
and electrical power compensation annual escalation rate.
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 SHP to the local grid, defined by
the 2244/94 law, i.e. s ¼ 0:7.
Comparing the present value of the total investment cost

and the corresponding total revenues, one has the ability to
estimate (Kaldellis et al., 2005b; Kaldellis, 2002) the net
present value of the investment NPV after n years of
operation, i.e.:

NPVn ¼ � 1þ g�
m1Pr1 þm2Pr2

ðPr1 þ Pr2Þð1þ f Þ

amð1� an
mÞ

1� am

þ
Ecð1� pÞ

IC0

aeð1� an
eÞ

1� ae

þ ð1� pÞ
ðs
P12

j¼1Nmaxj
ÞcN

IC0

aNð1� an
NÞ

1� aN

þ
Y n=IC0

ð1þ iÞn
� �

Xn

j¼1

FðjÞ=IC0

ð1þ iÞn
� , ð11Þ
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REDUCED INITIAL COSTOF SHP STATIONS SUBMITTED
FOR APPROVAL TO THE MINISTRY OF DEVELOPMENT
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Fig. 13. Variation of reduced initial cost of SHP stations submitted for

approval to the Greek Ministry of Development.
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where

am ¼
1þ gm

1þ i
; aN ¼

1þ eN

1þ i
; ae ¼

1þ e

1þ i
. (12)

In Eq. (11) F(j) describes the tax paid only during the j year,
mainly due to the revenue of the previous year. Similarly,
Yn represents the residual value of the investment, owing
for the most part to amounts recoverable at the n year of
the project life (e.g. value of land or buildings, scrap or
second hand value of equipment, etc.) minus the decom-
mission cost, along with the experience gained and the
corresponding technological know-how. Subsequently, the
IRR of the SHP investment (operating during an n-year
period) is predicted by setting the NPV equal to zero, thus
one may write:

IRR ¼ i� when NPVði�Þ ¼ 0. (13)

Using the experience of the authors resulting from the
evaluation of a large number of applications (Greek
Ministry of Development, 2006; Kaldellis and Kavadias,
2006) submitted to the Greek Ministry of Development in
the frame of the ‘‘Operational Program of Competitive-
ness’’ and the ‘‘Operational Program of Energy’’, both
funded mainly by the EU, one may state that the reduced
turnkey cost of a SHP plant varies between 1100 and
1600 h/kW, see also Fig. 12. In fact mini hydro power
stations (rated power less than 1MW) present reduced
values between 1000 and 1500 h/kW, while the correspond-
ing value of SHP plants (with rated power less than 5MW)
is between 1350 and 1600 h/kW. For larger installations
there is a remarkable reduced cost value decrease, however
the number of available projects analyzed is quite limited in
order to obtain reliable conclusions. In any case the vast
majority of the SHP projects have reduced initial cost
values between 1350 and 1500 h/kW, see also Fig. 13.

For the encouragement of similar environmental friendly
energy generation applications, there is a significant
subsidy for new SHP investments, making them quite
attractive (Greek Ministry of Development, 2006; Kaldellis
et al., 2005b). More specifically, according to the existing
legislative frame one may apply for investment subsidy
either to the Ministry of Economy via the current
ESTIMATED INITIAL COST (1999-2004)
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Fig. 12. Estimated initial cost of proposals to the Greek Ministry of

Development for new SHP plants.
‘‘Development Law’’ (e.g. 3299/2004) or to the Ministry
of Development, via the ‘‘Operational Program of Com-
petitiveness’’. In both cases there are specific requirements
that both the investment and the investor should fulfill. The
subsidy percentage is quite high, hence a 40% subsidy (i.e.
g ¼ 0:4) is offered to private investors in the area of SHP
applications countrywide. Up to now more than 40 SHP
investments have received the above-mentioned financial
grant, however more than one third of them are not
completed yet.
Recapitulating, it is worthwhile to mention that accord-

ing to the data provided and the extended techno-economic
analysis made by the authors (Kaldellis et al., 2005b), it is
clear that small hydroelectricity applications in Greece
present a very good financial performance. More precisely,
using the information of Fig. 14 one may note that the
expected IRR value of similar SHP projects exceeds the
14% (even for only 10 year service period of the station) if
the corresponding capacity factor value is higher than
30%. Bear in mind that according to Eq. (2) this condition
is a prerequisite in order the Greek RAE to approve the
implementation of a new SHP installation. Besides, one
should take into consideration that during the last decade
the local market inflation rate is less than 5%, hence the
corresponding capital cost is not more than 8–10%. On the
other hand, if no subsidy is provided (g ¼ 0:0), most SHP
IRR VALUE EVOLUTION vs.THE CAPACITY FACTOR OF
A TYPICAL SHP STATION
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SUBSIDIZATION IMPACT ON THE IRR-CAPACITY FACTOR
RELATION OF A TYPICAL SHP PLANT INVESTMENT

0%

5%

10%

15%

20%

25%

30%

10 20 30 40 50 60 70
Capacity Factor (%)

IR
R

 Y=40%

Y=0%

Fig. 15. The influence of the subsidization on the IRR-CF relation for

SHP plants in Greece.
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projects become marginally profitable, Fig. 15, since their
IRR value drops by almost 10% in case of zero
subsidization. Another important aspect that local autho-
rities should answer is the fact that the current subsidiza-
tion scheme favors installations with high capacity factor,
while this financial support is much more necessary to
installations with medium-low capacity factor values, Fig.
15.
5. Problems and prospects of small hydropower plants

Using the data provided up to now, it is quite clear that
small hydroelectricity applications in Greece have a very
good techno-economic performance and, therefore, a
promising future. However, taking into consideration the
high financial efficiency of a SHP, see Figs. 14 and 15, one
should also underline the quite slow realization degree of
similar applications in view of the significant interest
expressed by local investors. In this context, one should
analyze the main factors delaying the installation of similar
environmental friendly electricity generation plants.

According to the experience of the authors, one of the
major drawbacks decelerating SHP penetration in the local
electrical market is the administrative bureaucracy. As
already mentioned, despite the efforts of the Greek State
there is a substantial number of documents that one should
provide (Fig. 11) in order to start the construction of a new
SHP station. In fact, for obtaining the final license required
an investor needs to wait for a long time (usually up to 3
years), see for example Fig. 16. Hence, if the current
permission procedure remains unaffected, it will be a major
obstacle for the Greek small hydro plants development.

An additional serious obstacle against the creation of a
considerable number of new SHP stations is the absence of
an integrated national water management plan by the
Greek State. This problem hinders the exploitation of the
remarkable small-hydro potential locations of the country.
In most cases examined, the water potential exploitation
status is totally unclear, hence local municipalities and
agricultural cooperatives raise exclusive or preferential
proprietary rights on the existing water resources.
Essentially, in some cases local municipalities and
agricultural cooperatives ask pressure, via their political
influence, on the utilization planning of the available water
potential. Thus in several cases the SHP plants cannot
operate, see for example Figs. 7 and 8, since the electricity
production is not a priority. However, by a careful and fair
water potential management one may cover the parallel
requirements of local societies/unions without zeroing the
electricity generation of the SHP plants of the area.
Finally, taking into account the relatively small size of

the above mentioned installations and the corresponding
limited budget, most big energy-related construction
companies are not very much interested in similar small-
size projects. Hence, the erection of small or mini hydro
power installations is realized by small private companies
with limited socio-economic influence on the local and
national level. On top of this, these relatively small firms
have neither the necessary know-how nor the technical
equipment to optimize their plants. Only in case of a
number of successive SHP stations along the same river
one may take advantage of scale economies. The result of
this situation is the remarkable construction time required
and the violation of the initial budget. Additionally, in
many cases, the erected SHP stations are oversized
(Kaldellis et al., 2006), since the subsidy amount depends
only on the installed power of the station and not on the
corresponding energy yield. In these cases, the existing SHP
stations do not operate for a considerable period of the
year due to the low water volume rate available and the
operational restrictions imposed by the hydro turbines of
the installation, in order to avoid increased wear and
maintenance of the equipment.

6. Conclusions and proposals

SHP installations are a financial attractive and an
environmental friendly solution, able to contribute re-
markably to the solution of the energy demand problem of
Greece. In this context, the existing situation and the
future prospects concerning the applications of SHP
plants in Greece have been investigated. As already
mentioned Greek mainland possesses remarkable small-
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hydro potential, which is partially exploited up to now.
Taking also into consideration the significant subsidy
opportunities by the Greek State and the EU, a large
number (approx. 500) of private investors express officially
their interest to create SHP stations throughout the
country.

According to the available information most SHP
investments present high financial efficiency if the proposed
installation is properly designed in order to collaborate
effectively with the existing water potential. Despite this
positive situation, a relatively small number (approx. 50) of
projects have been realized up to now, the biggest of them
belonging to PPC and being in operation since the previous
decade. This unexpected evolution can be attributed to
several existing problems, like the administrative bureau-
cracy, the absence of a rational water resources manage-
ment plan and the over-sizing of various installations
encouraged by the existing subsidy scheme.

Recapitulating, one may state that in view of the
numerous opportunities to build new small-hydro power
stations throughout Greek mainland, if the above de-
scribed problems are suitably treated, properly designed
SHP plants should lead to considerable profits, contribut-
ing also by almost 5% to the national electricity consump-
tion and replacing heavy polluting lignite and imported oil.
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