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Abstract This study presents energy and economic analysis of the wind turbine plant’s draft for the Aksaray city.
Fossil fuels are used for energy production that is giving the environmental damage and increasing the global
warming. The countries utilize a renewable energy for decreasing the global warming’s impacts. The wind energy is
the one of the important renewable energy. In this study, drafting 1 [MW] of the wind turbine plant was calculated
energy and economic analysis for the Aksaray city. When 1 [MW] of the wind turbine plant is set up, it was
calculated production of energy quantity that was found 2628000 [kWh]. Cost of the total investment was obtained 1
698312 [$] and cost of the unit electric energy was found 0.052 [$/kWh]. The wind power plant’s construction was
calculated step by step that these values were found in with escalation way and without escalation way. According to
these results, the units of the investment’s cost, unit of the operation’s cost, unit of the maintenance’s cost were
calculated for economic analysis. In conclusion, energy and economic analysis of the wind turbine plant’s draft is the
first academic study for the Aksaray city. According to the literature, building the wind energy plant between
Ortakdy village and Agagoren village can be suitable for the Aksaray city.
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1. Introduction

Wind energy is becoming one of the important
renewable sources of energy in the world that is a clean
energy. The world energy crises can be solved in the
future by the other renewable sources of energy, such as
solar energy. Wind energy conversion systems (WECS)
are used the classification of most common electric
generator types in megawatt range. WECS is not only to
capture the maximum power from the wind but also to
improve the quality of power [1]. Wind power plants are
been developed around the world. However, there are
some problems that should be considered in planning
wind’s resources. One of the important problem is giving
impact to the farms because of wind plant’s area [2]. So
the wind plants can be set to the barren lands that can be
solved this problem.

In our modern life increases demand of energy last
decades. Most of the current energy sources are giving
exhaust to the air and waste to the ground. Moreover, a
coal and fuel produces high level air pollution that the
combustion process of the current energy sources causes
global warming. By the way, a renewable energy has been
used in recent days and in the future. Thus, where the
wind is an efficient place that wind power plant is
established [3,4].

Wind energy has an important among the renewable
energy sources. The wind’s kinetic energy has been be
converted to electricity energy. Wind turbines are the
main component of Wind Energy Centrals that are the
machines which convert the kinetic energy of moving air
to mechanic energy and then to electricity energy [5,6].

2. Information of Aksaray City and
Location

Aksaray locates in the middle Kizilirmak area of the
central Anatolia reagion which has north and south
Anatolian mountain for each other. Its mathematic
location is 37-38 Norht parallels and 33-35 East meridians.
It surrounded with Nevsehir (East), Nigde (Southern east),
Konya (West), Ankara (North) and Kirsehir (Northern
east).It has got a large 7997 km? floor space [7].

Lake Tuz catchment is mostly under the effect of North,
Northern east and East winds mostly. According to 34-
year observations of Aksaray Meteorology Station; the
most blowing sides around Aksaray is by turn, east-
northeast (6464), north-east (4259), east (1197), west-
northwest (2870), north-northeast (1754) [8].

In Figure 1, the average wind speed in North areas is
seen as 7 m/s, 3.5 m/s in middle areas and in the South
areas it is change as 5-6 m/s. The wind speed must be over
than 7 m/s for an economical investment of WEC. It has



83 Applied Ecology and Environmental Sciences

been understood that the most suitable place WEC is for
building in the North areas of Aksaray. The convenient
field is approximately 650 km? for building WEC in
Aksaray. The total floor space of Aksaray is 7626 km? so
the suitable field is 8.53% of total floor space.
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Figure 2. Suitable areas for producible wind energy and transmission
lines for Aksaray

Figure 2, the most suitable WEC building area and
energy transmission lines have been seen that energy
transmission lines has been an advantage for WEC
building. If the transmission lines are near, cost of WEC
can decrease.
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Figure 3.Wind energy plant unit price graph for plant [10]

Figure 3, When the power of plant increases, unit
investment cost decreases. While power increases,
investment cost and unit energy cost decrease together
unit price. Unit price is determined as Cs is a 1400 [$/kW]
at Wind Central which 1 [MW] power.

3. Calculation of Unit of Electricity
Energy’s Cost for 1 MW Power Plant and
Results

Unit of electricity energy can be calculated for 1 MW
power plant and results are given in this section. Energy
plant’s operating life was taken 25 years, specially. Before
calculations, some assumptions were made as they are
shown;

i = 0.04 (Interest Rate)

nH = 25 years (Energy plant’s operating life)

Lf = 0.3 (Load Factor)

Ne =1 [MW] =1000 [kW] (Installed Power)

Cs = 1400 [$/kW] (unit investment cost was found from
Fig. 3)

e = 0.06 (Escalation Rate)

ti = 3 years (WEC Building Time).

3.1. Investment Cost (lq)

Investment cost was calculated from unit investment
cost value. This formulas is shown as;
Iy = C,. Ne (1
14=1400.1000 = 1400000 [$].

3.2. During Building the Load Of Escalation
(Yeo

Escalation is the process of increasing, attained from
the purport of an escalator that load of escalation is an
increase in the price of goods. It is determined total
spending rate while creating cost plan, as 30 % for first
year, for second year 50 %, for third year 20 %.

Ye, = Y (1+e)' (2)

For 2014 Y= 1400000 x 0.3 = 420000 [$]

For 2015 Y= 1400000 x 0,5 = 700000 [$]

For 2016 Y= 1400000 x 0,2 = 280000 [$].

This values are cost plan except 3 yearly escalation
calculate. If we add escalation to this calculation;

For 2014 Ye,= 420000 x (1+0.06)" = 445200 [$]

For 2015 Ye,= 700000 x (1+0.06)%= 786520 [$]

For 2016 Ye,= 280000 x (1+0.06)% = 333484 [$].

3.3. Cost Plan with Escalation

Cost plan with escalation is calculated above years of
the load escalations.

Ye, (Total) =1565204 [$]

3.4. Cost Plan without Escalation

Cost plan without escalation is calculated above years
of the load without escalations.

Y, (Total ) =1400000($]

3.5. Interest Calculation (During Build)

Interest calculation is estimated this formulas as is
shown;

T, = Ye[(1+i)° 1] (3)
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s = Remaining build time for finish of build. (year)
Interest calculations are estimated in three-years;

For 2014 T, =445200x (1+0.04)° =500789.45[$]
For 2015 T, = 786520x(1+0.04) = 850700.03[$]
For 2016 T,, =333484x(1+0.04)" = 346823.36[3].

3.6. Total Investment Cost (YM)

When total interest during build time to cost plan too;
total investment cost appears.

Yi =Ty +T, + Ty (4)

Y =500789.45+850700.03 + 346823.36
Yy =1698312.842[$]

3.7. Yearly Fixed Capital Cost (Cy)

Yearly fixed capital cost is calculated this formulas as
is shown;

I
Cp = Yy | LD (5)
(L+i)"H -1
0.04(1+0.04)%°
Cy =1698312.842| ————
(1+0.04)® -1
Cy :1698312.842{M}.
1.6658

It was calculated as;
C, =108708.82[3].

3.8. Yearly Produced Energy Amount (E)

Yearly produced energy amount is calculated this
formulas as is shown;

E =24.365x Nex L; (6)
It was calculated as;
E =24.365x1000x0.30 = 2628000[kWh].

3.9. Unit Of Investment Cost (Y M)

Unit of investment cost is calculated this formulas as is
shown;

YM, = S @)
E
It was calculated as;
~108708.82
b~ 2628000

YM,, =0.04136[$/kWh] = 41.36[mills/kwh]

3.10. Unit Operating And Maintenance Cost
(YMnm)

Total yearly operating and care cost is 2% for starting.
Cpy = 14%0.02 €]

C,, =1400000x0.02 = 28000[$]

Maintenance cost is calculated as;

C
YM,, = ?m (9)
It was calculated as;
28000
M 2628000

YM, = 0.01065[$/KWh] =10.65mills/kWh].

3.11. Unit of Electricity Energy Cost (Y M)

Unit of electricity energy is calculated this formulas as
is shown;

M, = SktCm G (10)
E E
It was calculated as;

_ 108708.82 + 28000
a 2628000
YM,, = 0.052[$/kWh] =5.2[cent($)/KWh].

YM,

4. Conclusion and Discuss

This study was shown that drafting 1 [MW] of the wind
turbine plant for the Aksaray city was calculated energy
and economic analysis. Firstly, during building the load of
with and without escalation was calculated. It is
determined total spending rate that is a scenario cost plan,
as 30 % for first year (a year 2014), for second year (a
year 2015) 50 %, for third year (a year 2016) 20 %. Then
total investment cost was found 1698312.842 [$].Yearly
produced energy amount’s result was 2628000 [kWh].
Unit of investment cost’s result was 0.04136 [$kWh].
Maintenance cost was calculated as a result was
0.01065[$kWh]. At the end of the unit of electricity
energy was calculated as a final result was found 0.052
[$4Wh].

Above these results are very available in literature. In
conclusion, energy and economic analysis of the wind
turbine plant’s draft is the first academic study for the
Aksaray city. It will be very efficiency energy for the
Aksaray city. According to the literature, building the
wind energy plant between Ortakdy village and Agagoren
village can be suitable for the Aksaray city.
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