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Abstract Hydropower is a key source for renewable electricity generation and it has

an important potential to be marketed as green energy. There has been a substantial
increase in the number of hydroelectric power plants in recent years in Turkey. While

offering ecological advantages from a global perspective, such as climate change
mitigation, emergency management, and reduction of flooding risk, the operation and

construction of hydroelectric power plants may cause some environmental impacts
on the local and regional level. These include harm to fish populations, a loss of

aquatic habitat, a significant change in natural flow regimes, and deterioration of the
landscape. The article aims to suggest various ways to resolve these issues, and to

research the problems of 24 hydroelectric power plants operated and constructed on
dams, rivers, and canals by the State Hydraulic Works (DSI) or private sector in the

Buyuk Menderes Basin and in the West Mediterranean Basins in Turkey.

Keywords construction, environmental impact, hydroelectric power plant, operation,
Turkey

1. Introduction

Hydraulic power is considered to be the most important source of renewable energy for
electricity production. The possible hydrostatic potential that is technically feasible in the
world is approximated to be 14,370 TWhyear�1, which is equivalent to the total electric
demand. The amount that is considered as economically feasible is 8,089 TWhyear�1.
The amount of hydroelectric potential that was consumed in the world in 1999 is assumed
to be 2,650 TWh, which constitutes 19% of the world’s electricity (Paish, 2002). Canada
is the world’s biggest hydroelectric producer with its 350 TWhyear�1, which constitutes
13% of the total produced electricity in 2001. The United States, Brazil, China, and
Russia are behind Canada in electricity production (ERE, 2005). The World Bank has
declared that the people who live in poor countries spend less than 12% of their total
income for energy and that 1.7 billion people are living without electricity (Laguna et al.,
2006).

Turkey has theoretically a 433 billion kWhyear�1 capacity, technically 216 billion
kWhyear�1 and technical-economically 48.1 billion kWhyear�1 hydraulic energy pro-
duction capacities. The 48.1 billion kWhyear�1 portion is the developed capacity (DSI,
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2010a). Today, 18.5% of electric power is produced in hydroelectric power plants. This
production only accounts for 38% of hydraulic potential of the country (ETKB, 2010).
Approximately, 50% of the total electrical energy consumed is utilized in the industry
(DSI, 2010b).

Ecosystem destruction, physical habitat alteration, water chemistry alteration, direct
species additions and removals (Malmqvist and Rundle, 2002), damage on freshwater
habitats and organisms, depletion of floodplain wetlands, decrease in sediment transport
(Kingsford, 2000), decrease and extinction in fish populations due to preventing fish
migration and moves, and a significant change in natural flow regimes (SHERPA, 2010)
are among the most well-known environmental threats of hydroelectric power plants
(HEPPs). Some of the negative environmental impacts of HEPPs have led the public to
develop a negative attitude towards HEPPs while they are usually preferred in regards
to renewability, emergency management, and reduction in flood risk. As a result of the
lawsuits filed by the citizens and non-governmental organizations who have observed the
damage on the environment, some plant constructions were stopped by court decision.

This study has the purpose of researching and resolving the problems of 24 hydro-
electric power plants, which have been constructed and operated by DSI or by the private
sector, in the Buyuk Menderes and in the West Mediterranean Basins. As a result, some
major problems due to the operation, construction, and planning of HEPPs have been
identified, and some recommendations made.

2. Materials and Method

As a material, the 24 hydroelectric power plants in the Buyuk Menderes and in West
Mediterranean Basin, which are under operation by the DSI or by the private sector,
are taken into account (Figure 1). The provinces of Aydın and Denizli are in the Buyuk
Menderes Basins, while the province of Muğla is in the West Mediterranean basin. The
main water source of the Buyuk Menderes Basin is the Buyuk Menderes River, while the
West Mediterranean Basin’s source is the Dalaman stream. In the Buyuk Menderes and
in the West Mediterranean Basin, there are 14 dams, 7 small-dams, with a total of 21
storage facilities. In both of the basins, 242,000 ha of area is under the irrigation service,
due to 36 irrigation projects that are in operation by the DSI (Koç et al., 2010).

There are 14 HEPP facilities in the Buyuk Menderes Basin and 10 HEPP facilities
in the West Mediterranean basin, which have been constructed and put into operation.
The names of the HEPP, the province and municipality where they are constructed, the
years when the agreements were signed, the date when they were put into operation,
the organization responsible for the operation, the type of the HEPP, the location of the
HEPP, and the total production capacity (MW) have been given in Table 1. Scientific
and technical project documentation of these plants was obtained from the respective
governmental institutions, namely, the Ministry of Environment and Forestry, Energy
Market Regulatory Authority, and General Directorate of State Hydraulic Works (DSI).
The compatibility of the initial project documentation data to the application on the
ground was determined through on-site investigations. Generally, due to legal ramifica-
tions that have taken place in 2000, the private sector investments have shown a large
increase starting in 2007, on projects approved and licensed by the Energy Markets
Organizational Committee (EPDK) and by DSI. The first phase of applying and getting
licensing of a HEPP facility is to prepare and send the feasibility reports to the DSI.
With the companies, for which the reports have been analyzed and approved by the DSI,
a Water Usage Agreement is signed and it is sent to the EPDK for getting an electricity



1418 C. Koç

Figure 1. Location of 24 hydroelectric power plants (HEPP) in Buyuk Menderes and West
Mediterranean Basin.

production license. Once the Environmental Impact Assessment report is prepared, then
the facility is constructed; as soon as it is licensed and it then starts operating (Avcı,
2008; EÜAŞ, 2008). The HEPPs in Turkey are constructed and operated according to the
code 4628 Electric Market Law according to the COT (Construction-Operation-Turnover)
model as per law codes 3096–3996, and as per the code 4628 EPDK regulations for
determining the production and operation of HEPP facilities according to the Water
Usage Agreement. The installation and the operation of hydroelectric energy production
facilities and the licenses for production, auto-production, and auto-production group are
organized under the Water Usage Right Agreement (SKHA) between the DSI and third
parties and these have been published in the official gazette numbered 25150 under the
Regulations of “Electric Production for SKHA agreement.” In addition, the regulations
change has been put into effect with the Official Gazette dated May 25, 2004 with
order no. 25472 and with the Official Gazette dated September 17, 2005 with order
no. 25969.

3. Results and Discussion

The project production values and production values for the year 2010, of various HEPP
facilities operating in Buyuk Menderes and in West Mediterranean Basin, have been
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.Ş

.
Y

id
m

od
el

B
üy

ük
M

en
de

re
s

R
iv

er
2.

20
11

.7
5

B
er

ek
et

I–
II

H
P

P
D

en
iz

li
M

er
ke

z
19

95
19

98
B

er
ek

et
E

ne
rj

i
Ü

re
ti

m
A

.Ş
.

E
le

ct
ri

ci
ty

pr
od

uc
ti

on
Ç

ür
ük

su
ri

gh
t

co
as

t
ir

ri
ga

ti
on

ca
na

l
3.

15
12

.0
0

D
od

ur
ga

la
r

I–
II

H
P

P
D

en
iz

li
A

cı
pa

ya
m

19
95

20
04

E
lt

a
E

le
kr

ik
Ü

re
ti

m
L

td
.

Ş
ti

.
E

le
ct

ri
ci

ty
pr

od
uc

ti
on

D
od

ur
ga

la
r

I–
II

H
P

P
tr

an
sp

or
tc

an
al

4.
14

12
.0

0
E

ge
I

H
P

P
D

en
iz

li
M

er
ke

z
20

02
20

09
D

en
iz

li
E

le
kt

ri
k

Ü
re

ti
m

A
.Ş
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uğ
la

D
al

am
an

19
96

19
93

–2
00

3
B

er
ek

et
E

ne
rj

i
Ü

re
ti

m
A

.Ş
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.Ş
.

E
le

ct
ri

ci
ty

pr
od

uc
ti

on
Ç

al
de

re
be

nd
8.

74
35

.0
0

B
ağ
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ağ

cı
B

al
ık

G
ıd

a
E

n.
Ü

r.
S

an
.

T
ic

.
A

.Ş
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Figure 2. The realization values of HEP projects evaluated in 2010.

presented graphically (Figure 2). The project production values to real energy production
values ratio show a change between 9 and 125% (Figure 3). In fact, the production values
have been realized in a very different interval. Fulfillment ratio of the Çal, Bereket,
and Dalaman HEPPs realized more than 100%. The real energy production values of
these HEPPs are more than project production values. Therefore, it stems from the
poor prepared feasibility report. The other reasons for this difference are due to the
functionality of the water structure where the HEPP is constructed (river, dam, and
construction on the canal); the lengthiness or the shortness of the irrigation periods; the
present amount of the water source; the drought and rainy periods; the turbine capacity;
and the optimum flow interval. The difference between project production values and
real production values is more Kemer, Adıgüzel, Dalaman, and Esen HEPPs than other
HEPPs researched. This difference stems from the insufficient water resources depending
on the drought periods. The problems that are seen during construction, as well as in the
operational stage in various HEPPs in basins, have been stated below.

3.1. Problems Related to HEPPs

� There are differences between the dimensional values realized in the operation
and construction phases and the dimensional values (height of the regulator,
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Figure 3. Fulfillment ratio of HEPP researched in 2010.

canal capacity, algebraic pipe diameter, plant power capacity) determined in the
feasibility report of the HEPPs (the increasing of the height of the regulator
in Bereket HEPP-I on Dalaman stream in the West Mediterranean Basin, and
the fact that the main channel capacity is insufficient in Ege HEPP-I in Buyuk
Menderes Basin). In addition, especially, HEPPs constructed to the COT model,
taking money from energy funds causes the government losses due to the fact that
the HEPPs do not attain their expected production capacity (Fetaş HEPP in West
Mediterranean Basin).

� Since the energy sector has entered a fast liberalization phase, as soon as projects
have been announced, private sector applications have been accepted in a short
period of time. There are criticisms, which state that the proper basin analyses
have not taken place and that sufficient technical analysis and evaluation have
not been completed due to timing limitations put forward by the regulations.
Due to the fact that the feasibility studies are generally carried out with water
measurements, the fact of whether they are actually efficient projects is only seen
after the revised work is completed after the licensing (Cindere HEPP in Buyuk
Menderes Basin). Any changes completed in feasibility after licensing actually
delays the construction process of the facilities.

� Many of the projects developed by the companies have used past measurements of
the area instead of using current data. Companies prepare revised feasibility reports
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for the projects after getting their license and this causes delays in the construction
of the facilities, amendments in the licenses, as well as the reevaluation or changing
of the relational concepts.

� In running waters, where the license application is made to Energy Markets
Organizational Committee (EPDK), these licenses are given without taking into
account the public’s views and the views of local organizations, which causes
problems to take place on social and technical levels with the local population
(the constructions, which have been started, but stopped by the local social orga-
nizations in the Western Mediterranean basin, Yuvarlak Stream HEPP).

� The HEPP project areas are extremely sensitive to floods and landslides due to
their geological, topological, and climatic conditions. The damage to the flora due
to intervention in natural processes, roads constructed on steep shoulders, and the
vibrations caused by explosions in stone quarries can have a negative effect on the
soil and on the water equilibrium (Göltaş HEPP II in West Mediterranean Basin).

� The fact that the water utilization rights in springs and river beds are not placed
in the agreements causes many disagreements concerning the amount of water
used in irrigation and in energy production (Ege HEPP-I and Çal HEPP in Buyuk
Menderes Basin).

� The protocol that deals with the Water Usage Agreement regulations concerning
environmental water needs and its follow-up for ecological equilibrium flow rate
has not been realized. The amount of water that is needed for an aqua life, along
with enough ecological water sources to ensure continuity of the ecosystems as
well as the conditions of releasing water, should be determined with a scientific
method. The Tennant (Montana) Method, which is used more extensively than
other methods with a rate of 30% worldwide (Tharme, 2003), is also the most
widely used method in Turkey. It is stated that the Tennant Method should be
used in rivers with a slope of less than 1% (Mann, 2006) and there should be
differences concerning the use in every area or country (Orth and Maughan, 1981;
Acreman and Dunbar, 2004). This value in Austria is the value between annual
minimum flow and the annual maximum flow, in Greece it is 1/3 of the mean
summer flow, and in England no standard method exists; the criteria are set by
doing experimental work in field conditions before the license is given (ESHA,
2010), in Germany this is between 1/3 and 1/6 of the mean minimum flow, in
France generally more than 1/10 of inter-annual mean flow, and more than 1/20 of
inter-annual mean flow in high flow rivers larger than 80 m3/s (SHERPA, 2010). In
the beginning of the 2000s, the environmental flow was 1% of mean annual flow
in Turkey; it was later raised to 2.5% and then to 5%, and at present it is 10%.
HEPPs studied in Buyuk Menders and West Mediterranean Basin, the amount of
the water released for the ecological life is 10% of mean annual flow of the stream
on which the HEPP is constructed.

3.2. Problems during the Operation Phase

� The consecutive work hours of the HEPP facilities and the fact that water is also
used in irrigation causes irregularities between the working hours of the HEPP
(the hours when the electricity price is high) and between the relation of spring
water and river beds along with the irregularities in irrigation water demands, as
well as the fact that the water planning is not done properly in a level that is
desired for irrigation and for energy production.
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� The problems that take place in determining the amount of water that is to be
released to the stream bed, as well as the governance and the authority of the
organization that is responsible for the protection of the continuity of natural life
along with the other needs in river mouths.

� The insufficiency of the Flow Observation Stations (FOS), which are used in
determining the amount of water that is to be used for irrigation and energy or
having measurement facilities that are insufficient digitally and functionally; not
being operated properly in correct phases, and the fact that there are no alternative
measurement devices or facilities, which can function when FOS are not in order.

� In some HEPP establishments with common facilities, the Water Usage Agreement
regulation clauses concerning the operations, repair, and restoration expenses is not
observed properly. Especially in COT model HEPP, there are HEPP facilities that
try to abstain from signing an additional protocol and that have less participation
in operations and maintenance costs due to the fact that less water comes to the
power plants (Çal HEPP in Buyuk Menderes Basin).

� There are some difficulties associated with determining the turbine input mass flow
rate as well as the determination of corresponding power and of specific water in
canal plants.

� Being unable to determine the sediment amount and its behavior, which effects the
ecology and the energy production negatively (Fetaş HEPP in West Mediterranean
Basin).

4. Conclusion and Recommendations

The energy deficit and the dependency on foreign resources, which have become promi-
nent in the recent years, have caused Turkey to pursue methods that aim to get results in
a short period of time, instead of long-range energy policies. In this regard, increasing
the hydroelectric production share, which has been 18.7% of total electric production in
2007, with river or canal type hydropower plants is one of the methods that have become
popular recently. However, the fact that the region is mountainous and that it has a high
slope rate, has shown clearly that the forests, soil, and water sources will be affected
negatively. Taking these into consideration, the following suggestions have been stated
to overcome these problems concerning the HEPP facilities in basins.

� In the areas where the project will be executed, there must be planning that takes
integrated basin management into account. Integrated basin planning must incor-
porate various occupational disciplines, their representatives, local governance,
and the civilian organizations. During the project’s feasibility analysis, the DSI
must take decisions taking integrated basin planning based upon the reservoir
and not based upon the project. The present situation in the basin will need to
be taken into account and the possible improvisations should be determined and
executed.

� The flow rates for irrigation and the flow rates for the operation of the hydroelectric
power plant should be planned in such a way that complements each other. In the
irrigation process, the water that is released from the dam has its energy extracted
first and then it is used for irrigation. In order to determine the optimal flow
rates in the general reservoir irrigation plan, it is essential to take the minimum
and maximum flow rates of the turbines belonging to the dam and to the canal
hydroelectric plant (Koç et al., 2010b).
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� During the preparation phase of HEPP projects, it is important to satisfactorily
evaluate the needs of the local population living in the area; the water requirements
of the flora and fauna; the continuance of the ecologic systems; the condition of
the damage that can take place in the forests, pastures, and lands; as well as
the selection of the facility that meets the needs of the region; and the geological,
topographic, and the climactic conditions along with the social and cultural effects
of the projects.

� In order to explain the advantages of using renewable energy in its environmental
aspects, the necessary conferences, seminars, and panels should be conducted; the
social dimension of the situation should be taken into consideration by companies;
employment opportunities should be given primarily to the local population; and
the restoration of the region should be assisted where the facilities are present. The
local community should be informed about the HEPP projects and the companies
should put out the maximum amount of effort, in order to comply with the
environment regulations.

� The determination of the regional water supply, the arrangement and the control
of situations, which can impede the utilization of water, arrangement of situations,
such as upper and lower level power plants not wanting to produce at the same
time, to create control over the water-environment relationship along with reservoir
management systems. In the private sector production companies, there should be
the same type of system that exists for DSI-EÜAS, like those facilities that are
controlled through public processes.

� It is very difficult to find experienced/capable personnel who can work in various
HEPP facilities. Universities, as well as occupational high schools should take note
of this to organize their academic curriculum, and quality personnel (especially
technicians and technical assistants) should be trained and those students who
are seeing education in technical branches should be given more emphasis on
engineering studies related to HEPP investments. Care should also be taken that
graduates are equipped in order to be able to work in energy projects.

� For ecological purposes, a national method should be developed for deciding the
amount of water that will be released to the river beds. While this method is
being determined, every running water source characteristic and the properties of
the ecosystems surrounding the water source should be taken into account and
it should rely on scientific studies. The process of deploying life water and its
timing should be clarified, as to the selection of the institution responsible and the
necessary sanction mechanisms.

� Electricity, which is considered as the most important component of public welfare
and sustainable development, should be procured in an economical way per the
amount demanded, in a quality manner. The country’s energy policy principles
should give priority to an overall sustainable plan, which allows for our national
resources to be used more efficiently with secure supplies and in peace with the
environment.
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Havzalarında İşletmede olan Taşkın Tesislerine Yapılan Müdahaleler Üzerine Bir Çalışma. II.
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Kahraman Maraş, Bildiriler Kitabı, pp. 187–200.

Laguna, M., Upadhyay, D., and Taylor, S. 2006. Flowing to th east: Small hydro in developing
countries. Renewable Energy World Jan.–Feb. 126–131.

Malmqvist, B., and Rundle, S. 2002. Threats to the running water ecosystems of the world. Environ.

Conserv. 29:134–153.
Mann, J. L. 2006. Instream flow methodologies: An evolution of the tennant method for higher

gradient streams in the national forest system lands in the western U.S. M.S. Thesis, Colorado
State University, Fort Collins, Colorado, p. 143.

Orth, D. J., and Maughan, O. E. 1981. Evaluation of the “Montana method” for recommending
instream flows in Oklahoma streams. Proc. Oklahoma Acad. Sci. 61:62–66.

Paish, O. 2002. Small hydro power: Technology and current status. Renew. Sustain. Energy Rev.
6:537–556.

SHERPA. 2010. Hydropower and environment—Technical and operational procedures to better

integrate small hydropower plants in the environment. Intelligent energy for Europe and small
hydropower energy efficiency campaign action (SHERPA). APER, Italy, p. 23.

Tharme, R. E. 2003. A global perspective on environmental flow assessment: Emerging trends in
the development and application of environmental flow methodologies for rivers. River Res.

Appl. 19:397–441.


