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Abstract: Due to several socio-economic reasons, crop patterns of a basin may vary over the years. The primary reason 
generally tends to be on the economic aspect. Such a change has took place in Gediz Basin, Turkey; in between the 
years 1997-2012, a dramatic transition occurred in crop pattern due to economic pressures. Agricultural communities 
of Gediz Basin have shifted their main yearly crop from cotton to maize because of forcing benefit/cost ratios. Due to 
the total and monthly differences between two crops’ water requirements, irrigation water demand has also altered 
throughout the years. The main reservoir Demirkopru has the primary purpose of providing water during the summer 
season for the lower basin embodying around 110 000 ha of irrigated area. The change in crop patterns has put the 
effectiveness of the produced energy now in question. Although the power generation contributes negligible amounts 
versus agricultural production to the gross income in the basin, its cost-effectiveness has become an important issue 
due to the privatization process of the power plant. In this study, over 20 years of recorded data of Demirkopru 
reservoir’s inflows have been used for the synthetic data generation in order to examine the effects of on-going and 
future crop pattern changes and operational responses of Demirkopru reservoir. The results of operational studies of 
reservoir are evaluated in terms of power generation and its cost-effectiveness. 
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1. INTRODUCTION  

Gediz Basin in Western Anatolia (Figure 1), is a semi-arid region of Turkey. Generally, in semi-
arid regions available water resources are the main limiting factor for agricultural production 
(Hiessl, 1987). Data shows that in Turkey, 96% of the agricultural areas do not get the precipitation 
they need in the growing season (Gurses, 2005). Also in Gediz Basin water scarcity is a significant 
problem. Water shortage is due basically to competition for water among various uses. Major 
consumer in the basin is irrigation with a total command area of 110 000 ha and competes with 
other sectors such domestic and fast growing industrial demands in the coastal zone. Main problem 
is environmental pollution however the basin experiences droughts from time to time which leads to 
allocation problems (Cetinkaya et al., 2008). By the year of 2012 irrigated areas have shrunk half its 
potential amount due to maintenance and operation problems and lack of surface water in some 
areas (Duman, 2013). 

These and other factors that can be counted seem to have affected the agricultural communities 
of the basin to change their habitual crop pattern to a new one. Observed crop pattern change over 
the years has indeed its consequences. As for the irrigational water demand perspective, it is 
obvious that with change in the crop pattern, amount and timing of the water demand will also 
differ in monthly scale. Demirkopru dam represents one of the main reservoirs of the basin. It has 
been built between 1954-1960 for the purpose of flood control, irrigation and energy generation. At 
first, it has been built to support the thermal power plants of the Aegean region but in time its goal 
has been shifted to irrigation. Correspondingly, the operational rules of installed power plant 
depend on water releases during irrigational season which is between May and October for Gediz 
Basin. Therefore, electricity generated through these releases related with agricultural water 
allocation from Demirkopru reservoir should be re-evaluated. As a consequence of the legislation 
for electricity market (No: 28603, Date: 30.03.2013), privatization of electricity production and 
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distribution has gained legal status. Like many other power plants, privatization process of 
electricity operation of Demirkopru came in to consideration. Therefore, the feasible cost of the 
privatization should be determined from both aspects of governmental bodies and private investors. 
In order to do so, one has to project the benefits and costs of the power plant regarding the operation 
of the reservoir under uncertainties of natural flows and socio-economic choices of community like 
crop pattern shifts due to economic and technological pressures during agricultural production. 
Thus the inflows, crop pattern changes, expected unit price for electricity, maintenance and 
operational costs of the power plant and interest rates are to be predicted. Within the context of this 
study, 25 years are selected for the economic analyses, as this time span corresponds to any 
privatization tender time. The observed natural inflows to Demirkopru reservoir are analysed and a 
seasonal first order auto-regressive model is built to generate synthetic inflows. These synthetic data 
is combined with future crop pattern change scenarios and annual electricity generation of the 
power plant is simulated. Thereafter, including energy market prices, theoretical operational and 
maintenance costs are calculated and used in economic analyses for different interest rates. Finally, 
a sensitivity analysis has been carried out in order to determine benefit cost ratios for each interest 
rate and crop pattern change scenario. The results are used to define minimum and maximum range 
of expected net benefit in order to obtain lower and upper limits of privatization bids to be expected. 
The obtained figures indicate that power plant is cost-efficient under certain circumstances. 

 

Figure 1. Gediz Basin 

2. METHODOLOGY 

2.1 Synthetic data generation 

Historical monthly inflow data of Demirkopru for 27 years revealed that a seasonal AR1 model 
is significantly sufficient to represent natural inflows. Periodic components of the series have been 
determined by the “Parametric Fourier Series Approach” and one harmonic in the mean and two 
harmonics in standard deviation are sufficient to represent seasonality in natural flows. Main 
mathematical formulae utilized in synthetic data generation are given in equation 1, 2 and 3.  

𝜇! = {𝑎!× cos 2𝜋𝑓!𝜏 +!
!!! 𝑏!× cos 2𝜋𝑓!𝜏 } (1) 

where, 
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𝜇!= Periodic mean 
𝑎! , 𝑏!= Fourier coefficients 
𝑓!  = j/N 
𝜏 = Number of periods 
N = Total number of periods 
m = Number of harmonics 

𝜎! = 𝑆 + {𝑎!× cos 2𝜋𝑓!𝜏 +!
!!! 𝑏!× cos 2𝜋𝑓!𝜏 } (2) 

where, 
𝜎!=Standard deviation of periods 
𝑆= Average standard deviation of periods 

 
Then, the weak stationary stochastic components, 𝑍!,! obtained through, 

𝑍!,! =
!!,!!!!

!!
 (3) 

where, 
𝑍!,!= Weak stationary stochastic components 

 
Existing and generated monthly total inflow data throughout the years have been shown in 

Figure 2. 

 

Figure 2. Monthly total inflows throughout the years 

2.2 Crop pattern change 

Gediz Basin generally has three types on main crop, which are cotton, maize and vineyard. 
Occurred crop pattern changes in the basin have been due to the economic reasons. Main costs of 
the cotton drove farmers to cultivate different types of crops. Cultivation of crop types and their 
irrigation water requirement changed, as in Figure 3. 

2.3 Crop pattern scenarios 

Crops cultivated in the basin have shown different types of trends (Figure 4). Cotton areas 
decreased by 96%, maize and vineyard areas increased by 106% and 7% respectively. Maize has 
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become the prior main crop and filled the gap which cotton left. This is a persistent trend however 
water availability affects the total area cultivated in the Gediz Basin. Therefore, three different crop 
pattern scenarios, that might occur in future, have been evaluated regarding the historical trends.  

 

 

Figure 3. Annual crop cultivation percentage and annual irrigation water requirements 

Scenarios meet on a common ground, where in all three, total area average increases from 
55 000 ha to 70 000 ha in total of five years by investments. It is observed that in the long run the 
vineyard area average remains constant, therefore it is considered as constant in scenario 
development. Apart from other developed scenarios, in “Scenario A”, cotton area average kept as 
constant and maize area average takes up the remaining areas. In “Scenario B” it is reverse and in 
“Scenario C” cotton and maize shares the rest of the areas equally. 
 

 

Figure 4. Change in cultivation areas throughout the years 

2.3 Turbine operation and costs 

Operational practices of hydroelectric plants are highly important due to their level of electricity 
production. Failures and flaws in operation directly affects amount of power generated and this can 
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be corrected by operational practices and an increase in the production can be obtained (Howitt and 
Sexton, 1998). Turbine operations due to inflows are represented below as the green, blue and red 
lines indicating first, second and the third turbine respectively. As the horizontal axis displays the 
total inflow, Vertical axis displays the each individual turbine’s discharge. Second turbine does not 
become active until total inflow reaches 23 m³/s and for the third turbine it is 46 m³/s. 

 

Figure 5. Operational constraints of the Demirkopru turbines 

Operational practice functions only between 200 – 900 hm³ of stored volume of water; these 
limits also represent the lower and upper operation levels of the reservoir. Any value lower than 
200 hm³ would be considered as inactive storage. Correspondingly any value higher than 900 hm³ 
would be considered as the volume which will be spilled away. However during the practice, no 
spills have been observed. 

As for the hydroelectric plant’s costs, there are two categories; a) equipment and maintenance 
costs and b) operational costs (Kaya and Koç, 2015). These costs have been determined according 
to the State Hydraulic Works (DSI) data (DSI, 2017), which are calculated depending on the 
installed capacity of the power plant (Table 1). 

 
Table 1. Costs of hydroelectric plant 

Cost Type $/year 
E/M 1,138,500.00 
Operational 420,900.00 
Total 1,559,400.00 

3. RESULTS 

Demirkopru has been operated according to the turbine constraints, forecasted inflows and 
irrigation water requirement scenarios projected to year of 2042. On the economic analysis, annual 
electricity production values have been taken into account, which are calculated by (Eq. 4) the up to 
date electricity purchase price as 0,09 $ /KWh (EPDK, 2017). Electricity purchase prices then 
projected to 2042 according to the U.S. Energy Information Administration (EIA, 2017). Present 
values of the annual future benefits and O&M costs determined (Figure 6) for different rates of 
interest are given below: 

PV = FV
(1+i)n

 (4) 

where, 
P  = Present value 
A = Annual Future value 



 C.P. Cetinkaya & M.C. Gunactı  136 

i = Interest rate 
n = year gap 

 

Figure 6. Determining the present values of future annual benefits and costs. 

 
According to the interest rates and scenarios, benefit-cost ratios vary as in Table 2. 
 

Table 2. Benefit-cost ratio values 

Interest Rate 1% 3% 5% 7% 10% 
Scenario A 2,115 2,092 2,068 2,043 2,005 
Scenario B 2,335 2,311 2,284 2,257 2,217 
Scenario C 2,285 2,261 2,234 2,208 2,170 

 
Maximum and minimum privatization bids are capital present value costs for any investor. 

Therefore regarding their first investment maximum and minimum bids are calculated for internal 
rate of return (B/C=1) and feasible rate (B/C = 1,3) for different rates of interest (Table 3). 

 
Table 3. Privatization bids 

 Scenario i= 1% i= 3% i= 5% i= 7% i= 10% 
Maximum 

Privatization 
Bid 

A $39.623.549,50 $30.454.316,82 $23.945.438,80 $19.233.829,08 $13.033.668,44 
B $47.449.777,07 $36.537.750,65 $28.793.876,24 $23.186.176,36 $15.794.195,73 
C $45.689.940,48 $35.139.228,73 $27.673.074,21 $22.281.111,28 $15.197.927,43 

Minimum 
Privatization 

Bid 

A $22.276.536,40 $16.993.209,54 $13.246.492,01 $10.539.610,24 $6.993.916,32 
B $28.296.711,46 $21.672.774,02 $16.976.059,27 $13.579.877,37 $9.117.398,85 
C $26.942.991,00 $20.596.987,93 $16.113.903,86 $12.883.673,46 $8.658.730,92 

 
Finally, privatization bid ranges of the crop pattern scenarios vary as in Figure 7. 

CONCLUSIONS 

In this study, sensitivity analysis of the privatization bid of Demirkopru hydroelectric power 
plant has been carried out regarding different kinds of crop pattern scenarios and interest rates. To 
achieve this, recorded inflows of the Demirkopru reservoir have been examined and synthetically 
extended over 25 years. Crop pattern change behaviors are considered based on previous tendencies 
in the basin which took place in between 1995-2012.  
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Figure 7. Privatization bid range of scenarios A, B and C respectively 

B/C ratios, minimum and maximum privatization bids and privatization bid ranges have been 
determined. According to the results, maximum privatization bid is acquired by scenario B with the 
interest rate of 1% which is approximately 47,5 million $. This figure can be considered by 
governmental authorities as the maximum expected tender income from a privatization attempt. 
Minimum privatization bid achieved by scenario A with the interest rate of 10% which is 
approximately 7 million $. This figure indicates that any private company may make a bid for this 
investment as a capital investment cost as worst case regarding future natural and socio-economic 
uncertainties. Results suggest a profitable view both to the governmental authorities and the private 
companies, depending on their agreement on the privatization tender procedure. As a further step of 
this study, risk analysis can also be conducted regarding the expected probabilities of foreseen 
situations for future. 
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