BURSA ULUDAG UNIVERSITESI ZIRAAT FAKULTESI DERGISi
Journal of Agricultural Faculty of Bursa Uludag University
e-ISSN 2651-4044
https://dergipark.org.tr/tr/pub/bursauludagziraat
http://www.uludag.edu.tr/ziraatdergi
Aralik/2020, 34(2), s. 287-301

ARASTIRMA MAKALESI RESEARCH ARTICLE
Gelis Tarihi (Received): 25.03.2020
Kabul Tarihi (Accepted): 09.06.2020

Technical and Economic Analysis of the Use of Wind Energy for Water

Extraction: Karacabey Example®

Erkan BOLUKBAS', Tugba BICEN?, Ali VARDAR®

Abstract: One of the problems that occur with the increase of the world population is the limited energy
resources. The rapid depletion of fossil resources and increasing energy consumption have led human beings to
explore new sources of energy. In the 21st century, the greatest alternative to fossil resources was renewable
energy sources. One of the areas where energy needs are technically and economically important is agricultural
activities. Renewable energy sources have been used for many years to meet the energy requirements for
agricultural activities such as grinding of grains and water extraction from wells. One of these sources is wind
energy. In this study, it is aimed to determine the cost and availability of the energy needed for the removal of
groundwater to the surface for use in agricultural irrigation in Bursa/Karacabey region in Turkey by using wind
turbines. Study; using the data measured at the meteorological station Karacabey wind speed; 300, 600, 900,
1500 kW wind turbines and the use of power and energy that can be obtained in the case of submersible pumps
with some selected values of availability, the cost and amount of water that can be pumped for the analysis are
reviewed. As a result of the study, it was determined that the energy to be used to supply groundwater with
submersible pumps in Karacabey region can be supplied from wind energy and this situation is quite economical

compared to using mains electricity.
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Su Cikarma Amach Riizgar Enerjisi Kullaniminin Teknik ve Ekonomik Analizi:

Karacabey Ornegi

Oz: Diinya niifusunun artistyla beraber ortaya cikan problemlerin basinda enerji kaynaklarmin smirlilig
gelmektedir. Fosil kaynaklarin hizla azalmasi ve artan enerji sarfiyatlar: insanoglunu yeni enerji kaynaklariin
arastirilmasina siiriklemistir. 21. ylizyilda fosil kaynaklara en biiyiik alternatif ise yenilenebilir enerji kaynaklari
olmustur. Enerji ihtiyacinin gerek teknik gerekse ekonomik anlamda 6nem arz ettigi alanlardan birisi de tarimsal
faaliyetlerdir. Tahillarin o6giitiilmesi, kuyulardan su ¢ekilmesi gibi tarimsal faaliyetler i¢in gerekli enerji
ihtiyacin1  karsilamak icin eski yillardan beri yenilenebilir enerji kaynaklarindan yararlanilmigtir. Bu
kaynaklardan biri de ruizgér enerjisidir. Bu ¢aligmada; Tiirkiye’de Bursa/Karacabey yoresinde tarimsal sulamada
kullanilmak tizere, yer alt1 suyunun yiizeye ¢ikarilmasi islemi igin gerekli enerjinin, riizgar tiirbinleri kullanilarak
elde edilebilirlii ve maliyetinin ortaya konulmasi amaclanmigtir. Calismada; Karacabey meteoroloji
istasyonunda Ol¢iimii yapilan riizgar hizi verileri kullanilarak; 300, 600, 900 ve 1500 kW giiclinde riizgar
tiirbinlerinin kullanilmas: durumunda elde edilebilecek gii¢ ve enerji degerleri ile segilen bazi dalgig pompalarin
kullanilabilirligi, pompalanabilecek su miktar1 ve maliyetine yonelik analizler yapilmistir. Calisma sonucunda;
Karacabey yoresinde dalgic pompalarla yeralti suyu teminini ger¢eklestirmek i¢in kullanilacak enerjinin, riizgar
enerjisi kaynakli olarak saglanabilecegi ve bu durumun sebeke elektrigi kullanmaya kiyasla oldukc¢a ekonomik

oldugu tespit edilmistir.

Anahtar Kelimeler: Tarimsal sulama; su pompalama; maliyet; riizgar tirbini.

Introduction

The world population and the demand for energy are constantly increasing over time. However, the reserves of
fossil-based energy resources that we commonly use are decreasing and sustainability problems arise. These
problems include CO, emissions, air pollution and greenhouse gases. The solution to the problems arising in this
context is the use of renewable energy sources. It is anticipated that renewable energy sources from solar, wind,
hydrogen and biomass will come to the fore to reduce both the above-mentioned problems and the greenhouse
effect (Ragauskas et al., 2006).

Another important effect of population growth is the consumption of water resources. The total amount of
water in the world has been determined to be 1.4 billion km®. 97.5% of this water is salty in oceans and seas, and
2.5% is found in rivers and lakes as fresh water. Considering that 90% of the fresh water resources are limited in
the underground and poles, the amount of fresh water that human beings can benefit is quite low (Anonymous,
2014). A total of 46 billion m*® of water is consumed annually in Turkey, of which 15% is used as drinking and
using water, 11% for industrial purposes and 74% for agricultural irrigation. In parallel with the increase in

population, the demand for water by all sectors increases and this leads to cross-sector competition (Kaya, 2010).
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Energy resources used during the consumption of water resources are also one of the factors in the efficient
use of water resources. When Turkey's electricity consumption is examined, it is seen that the electric energy
used in agricultural irrigation is more than the electric energy used for lighting (Anonymous, 2019a). Irrigation
methods, plant type, soil type, climatic characteristics, pump, water supply and power supply type factors can
change the level of energy consumption in agricultural irrigation. Approximately 90% of unit irrigation input

energy is operational and 10% is installation energy (Calisir, 2008).

The aim of this study is to be realized efficiently the agricultural irrigation in Karacabey region (Bursa,
Turkey). In this context, it is thought that the energy needs of the submersible pumps to be used can meet from
the potential of wind energy in the region. In this case, it is aimed to determine the ideal “turbine — pump
combination” if four different capacity wind turbines and four different capacity submersible pumps suitable for

local groundwater depths are used in an irrigation system.

Research Area

Determining the wind potential of the research area is very important for this study. In this context, the Wind
Energy Potential Atlas (REPA) within the General Directorate of Renewable Energy was taken into
consideration within the scope of the study. REPA is a Wind Atlas produced as a result of three separate
numerical weather analysis models to cover all land and sea areas of Turkey's geography, to be run backwards
with meteorological parameters that have been realized for many years. One of the main objectives of this wind
atlas is to facilitate access to wind resource information for investors wishing to invest in wind energy
(Anonymous, 2018b). There are multiple maps created by REPA. These maps covering the General of Turkey
and 50 m high wind speeds showing the map is given in Figure 1. The version of the same map prepared in the
provincial dimension and showing the wind potential of Bursa province is presented in Figure 2.

Figure 1. Wind speed atlas of Turkey - 50 m (Anonymous, 2018b)
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Figure 2. Wind speed distribution of Bursa - 50 m (Anonymous, 2019b)

Water Resources

It can be said that irrigation is the biggest factor of high quality and quantity crop cultivation in agriculture. The
aim of irrigation is to provide needed water by artificial means in a sufficient amount and in a timely manner
during the development periods of plants.

Groundwater resources are utilized in conditions where the water resources transmitted by natural means are
insufficient or where transmission is not economical. Groundwater sources can be used directly for irrigation or
stored in a higher area than the area of use and then used. In such cases, pumping plants are used in pressurized
irrigation systems. Pumping plants include mechanical systems that convert energy such as pumps and motors
and absorb energy such as pipelines.

In order to use irrigation water more effectively, pressurized irrigation system is essential. However, the high
energy cost of pressurized irrigation systems is the biggest limiting factor in using these systems (Calisir and
Eryilmaz, 2005; Calisir, 2008; Calisir, 2010).

Groundwater occurs when water that falls or is found on Earth surface usually as rainfall, seeps underground
by the effect of gravity and accumulates in the lower layers of the surface. Groundwater can be found in a fluid
or stationary state. The major nutritional source of these waters is rainfall. Acording to the slope of the surface,
vegetation and water permeability characteristics, the amount of groundwater and the degree of proximity to the

earth are determined. These resources meet the water needs of cities, basins and industrial facilities.

The most important factor affecting the operation of groundwater; is the proximity of the source to the
surface. The average groundwater depth in Turkey varies between 40 - 80 m, as can be seen in Figure 3
(Anonymous, 2013).
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Figure 3. Groundwater depth table of world (Anonymous, 2013)

Most geographic regions have underground sources. Multiple methods can be used to exploit these resources.
However, today, the most efficient method is to drill wells at the appropriate depth and remove the water to the
desired level by means of pumps used in the well bottoms. Pumps that operate in this way are called submersible
pumps. Submersible pumps are a special type of multistage mixed flow centrifugal pump combined with a water-
resistant electric motor (Yalcin, 1998).

Material and Method

The location selected for this study is the Karacabey district of Bursa, located in the north-west of the Anatolian
geography. Agricultural irrigation in this region is aimed to be realized in an economic way. In this context; it is
aimed to determine the “ideal turbine-pump” combination in case of using four different capacity wind turbines
and submersible pumps with four different capacities suitable for the local groundwater depths. Wind data, wind

turbine and pump specifications for the region that made up the material of the study are given below.

Bursa/Karacabey wind data was provided by Karacabey Meteorological Station Number 17673. Daily
averages of hourly wind speed data obtained from the station and covering 8 years were used. In the light of
these data, wind values of different months were compared and wind frequency tables were formed according to
the results.

Four different wind turbines have been compared for the energy solution projected to be applied to the
region. These turbines differ in terms of power values, hub heights and brands and models. The power values of
the selected wind turbines are in the range of 300 - 1500 kW. Hub heights are between 40 - 80 m. The

characteristics of the selected turbines are given in Table 1 and Figure 4.
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Table 1. Wind turbines and properties

Turbine Power Rating (kW) Hub Height (m)
T1 300 40
T2 600 50
T3 900 60
T4 1500 80

combination with the selected wind turbines. According to the maps and analyzes prepared by World-wide
Hydrogeological
Bursa/Karacabey region was determined as 50 m on average. According to this data, the use of submersible

pumps suitable for pumping water from a depth of 40-60 m was foreseen and different flow models of these
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Figure 4. Power curve of wind turbines (Anonymous, 2019d)
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Four submersible pumps of the same brand, at different models and features, were selected for operation in

Mapping and Assessment Program (Anonymous, 2015), the groundwater level for

heights were included in the study. Specifications for selected submersible pumps are given in Table 2.

Table 2. Selected submersible pumps and features (Anonymous, 2019c)

Pumps Manom?:]rql)c Height Pump Efficiency (%) Flz)nqua/igite Engine Power (kW)
P1 40 60,1 4,39 1,15
p2 40 61,1 20,9 4,0
P3 60 61,9 5,09 1,55
P4 60 62,9 20,5 55

The equations used to determine the wind speed value that wind turbines will need to operate the pumps to be

used for irrigation are as follows (Shata and Hanitsch, 2006; llinca et al., 2003). Wind speed, rotor cross-section,
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rotor Power coefficient, wind turbine mechanical efficiency and a specific gravity of air are the values that are

important in this section (Piggott, 2004).
P=05p-A-v3-Cpo1 (1)

A=m-r’= (2

Mechanical losses in wind turbines are minimized in the latest technologies. Therefore, mechanical losses in

this study are not included in the calculations. Accordingly, equation (3) can be revised as follows:

P=05p-A-v3 Cp (3)

The wind velocity values obtained from Karacabey meteorological station for this study belong to a height of
10 m. Since the hub heights of selected wind turbines are different, the data in hand must be adapted to the

relevant wind turbine hub heights. At this stage, the following equation was used (Klug, 2001; Ozgener, 2006):

*

u h

For this study;

* There are no mechanical losses in wind turbines,
* Air density is 1.225 kg/m®,

* Rotor Power coefficients (Cp) is 0.45,

* The surface roughness coefficient is also considered to be 0.4 (Vardar and Eker, 2004; Bencuya Ipekcioglu
and Vardar, 2017).

* Standard roughness classes were used as roughness classes (Elkinton et al., 2006).

To wind potential of a region where wind turbines will be installed; sea, open land, open sea, closed land,
hills or hills are known to have a direct effect. In this study, evaluations were made as open terrain both in terms
of using submersible pumps and to be suitable for agricultural activities. The economic life of wind turbines has

been accepted as 25 years.

Two different scenarios are presented in the economic analysis. These scenarios are “supplying energy from
the electricity grid” and “supplying energy from wind turbines”. The second scenario is divided into two
different scenarios. In one of these, the cost of the pump is included. In the other, it is assumed that the cost of
the pump is met from the own capital of the agricultural enterprises and the pump costs are not included in the
calculations. The official tariffs of the state were taken into account as the district's agricultural irrigation-based
water unit price (Anonymous, 2018a) and agricultural irrigation-based electricity unit price (Anonymous,

2019e). Wind turbines and submersible pump prices were determined by market research.
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Result and Discussion

The following results were obtained according to the technical specifications of the four different wind turbines
and four different irrigation pumps mentioned in the material section and by applying the related methods:

The average values of wind speeds measured at a height of 10 m at Karacabey meteorological station were
used for calculations based on the core heights of wind turbines planned to be used in the irrigation system. The
wind speed values obtained as a result of the calculations are seen in Figure 5. The calculated correction factor

for average values is 1.45.
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Figure 5. Monthly average wind speeds at different heights with a correction factor

The maximum average wind speed values were reached in August, while the minimum average wind speed
values were obtained in November. The highest wind speed is 7.7 m/s and the highest wind power is 282.7 W/m?
for the 233rd day of the year (in August). Furthermore, it is observed that the wind speed increases periodically
between 200 and 240 days of the year (July-August period). In addition, the lowest wind speed was 1.9 m/s and
the lowest wind power was 4 W/m? on the 348th day of the year (in September). It can be said that the year-end

and New Year wind speed measurement values are periodically lower.

Table 3 shows the power values that can be obtained from four different wind turbines monthly if selected
within the scope of the study and installed in the Bursa / Karacabey region.

In August, the available power value is higher than in the other months, while the power available in
November is lower. The average power value for WT1 turbine is 52.6 kW, 90.8 kW for WT2 turbine, 151.6 kW
for WT3 turbine and 433.7 kW for WT4 turbine.
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Table 3. Power values that can be obtained from selected turbines

T1 T2 T3 T4
W/m? kw w/m? kw W/m? kw W/m? kw
January 37.2 34.6 429 72.0 47.9 108.0 56.6 309.0
February 59.6 61.7 68.7 1237 76.8 180.6 90.8 5254
March 45.9 43.1 52.9 8.8 59.1 138.0 69.9 377.0
April 40.1 38.2 46.2 76.2 51.6 1200 61.0 326.0
May 36.1 34.6 416 69.3 46.5 108.0 54.9 292.0
June 56.1 55.5 64.6 17.6 72.2 164.2 85.4 483.0
July 91.8 105.3 105.8 204.3 118.2 278.8 139.8 828.4
August 117.3 139.2 135.2 260.7 151.1 352.6 178.7 1044.5
September 434 40.0 50.0 84.6 55.9 126.0 66.1 360.0
October 35.5 32.8 41.0 69.3 458 102.0 54.1 292.0
November 20.9 18.7 24.1 41.5 26.9 54.6 31.8 137.8
December 30.0 27.4 345 61.2 38.6 86.8 45.6 229.6
Average 51.2 52.6 59.0 90.8 65.9 151.6 77.9 433.7

Figure 6 shows the relationship between wind speed and energy generation for selected wind turbines.
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Figure 6. The relationship between wind speed and energy production of turbines

According to the results obtained by using meteorological data in Bursa/Karacabey region; With WT1
turbine 203421 kWh/year, WT2 turbine with 381384 kWh/year, WT3 turbine with 540207 kWh/year and WT4
turbine with 1388847 kWh/year energy production can be realized. Maximum in the same region; 40404
kWh/year at 8.6 m/s wind speed with WT1 turbine, 80136 kWh/year at 7.5 m/s wind speed with WT2 turbine,
110880 kWh/year at 7.8 m/s wind speed with WT3 turbine, and 327600 kWh/year at 8,2 m/s wind speed with
WT4 turbine, energy will be production were determined. Table 4 shows the amount of water that can be

pumped with the selected wind turbines.
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Depending on the regional wind characteristics, the results obtained by comparing the average monthly
power values of the wind turbines selected in the study and the motor powers of the pumps selected in the study
are shown above. According to the results obtained; July and August are the times when the most pumps can be

operated and the most water can be pumped.
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Economic Analysis

In the economic analysis part of the study, two different scenarios are presented. These are the scenarios of
“supply of energy needs from electricity grid” and “supply of energy needs from wind turbines” respectively.
According to the first scenario mentioned here (providing energy needs from the power grid), water pumping
costs of four different pumps are given in Figure 7, taking water costs into consideration.
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Figure 7. Water pumping costs if electricity needs are supplied from the electricity grid

Water pumping cost (€/m?3)

The lowest cost per cubic meter of water was obtained from the IP2 pump with 0.0384 €/m? and the highest

cost was obtained from the IP3 pump with 0.047 £/m°.

The second scenario; “Providing energy needs from wind turbines” scenario. This scenario is divided into
two different scenarios. One of these is the scenario “including the cost of the pump”. Another scenario is that
“the cost of the pump is covered by the own capital of agricultural enterprises and is not included in the
calculations”. According to the scenarios mentioned here, water pumping costs of four different pumps are given

in Figures 8 and 9, and taking water costs into account.

0,012
0,010
0,008
0,006

0,004

Water pumping cost (€/m3)

0,002

0,000
WT1 WT2 WT3 WT4

Figure 8. Water pumping costs (including pump charges) if energy needs are provided by wind turbines

297



Bursa Uludag Universitesi Ziraat Fakiiltesi Dergisi Boliikbags & ark.

Journal of Agricultural Faculty of Bursa Uludag University Aralik/2020, 34(2)

In the scenario where “energy needs are provided from wind turbines and the cost of pumps is included”; the
lowest costs per cubic meter of water were achieved with the WT4 wind turbine with 0/0033-0/005 €/m°. The
highest costs were obtained with WT1 wind turbine with 0/0072-0/011 €/m®. In this context, it is seen that this
scenario is quite economical according to the first scenario where “energy needs are provided from the electricity
grid”. When the costs per cubic meter between the pumps are examined, it is understood that the 1P2 pump has

the lowest costs in all wind turbines.
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Figure 9. Water pumping costs (excluding pump charges) if energy is supplied from wind turbines

Similar results were obtained in the scenario where “the energy requirement is provided from wind turbines
and the cost of the pump is met by the own enterprises' own capital and is not included in the calculations”.
However, as the pump costs are not included, as can be expected, lower costs have arisen. In this context; The
lowest costs per cubic meter of water were achieved with the WT4 wind turbine with 0.003-0.0048 €/m°. The
highest costs were obtained with WT1 wind turbine with 0.0058-0.0092 £€/m®>. This last scenario is seen to be
more economical than the scenarios where “energy needs are provided from the electricity grid” and “energy

needs are provided from wind turbines and pump costs are included”.

Conclusion

In this research, the conditions of using electrical energy obtained from wind energy in irrigation pumps were
evaluated. The results of wind turbines with rated power values of 300, 600, 900 and 1500 kW that can be used
following wind potential and four different submersible pumps in the power range of 1.15-5.5 kW were
examined.

According to the meteorological data in the Bursa/Karacabey region where the turbine-pumping system is

planned to be established, the maximum electrical power can be obtained; in July and August. In July and
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August, when the temperature increases and the water needs of the plants, in general, are directly proportional to

the temperature, obtaining more energy for water pumping will be an agricultural advantage.

In case the groundwater depth of the application area is less than 40 m and low flow (4.39 m3/h) is required;
531-3986 m*/h water can be pumped in August with the energy that can be produced. On the other hand, it was

determined that approximately 70-522 m*/h of water could be pumped with the same pump in November.

If the groundwater depth is less than 40 m above the surface and a high flow rate (20.9 m*h) is needed, 711-
5455 m*/h water can be pumped in August with the energy that can be produced. In November, approximately

84-711 m*/h water can be extracted with the same pump.

When we look at the issue of water pumping for agricultural purposes from an economic point of view; if the
energy needs are met from the electricity network, there are costs between 0.0384-0.047 €/m? per cubic meter of
water. On the other hand, in the case of the "supply of energy from wind turbines ", costs fall to 0.0033-0.005
€/m® (including pump cost) and 0.003-0.0048 £/m* (excluding pump cost).

According to the Chamber of Electrical Engineers 2019 data, the total annual Energy spent on lighting in
Turkey for 2018 is 483 046 MWh, while the total annual Energy used for agricultural irrigation is 605 014
MWh. In fact, this data allows us to realize how much energy agricultural irrigation requires. Using renewable

energy sources to defray such high energy requirements is also essential for sustainability and energy saving.

In this study, it is determined that if the wind energy, which is one of the renewable energy sources, is used
in Bursa / Karacabey region, the energy needed in agricultural irrigation can be met economically. This study, if
it is decided to implement shared energy-irrigation systems, agricultural product to be planted in the region,
water requirement of agricultural product, local groundwater depth, such as the elements taken into
consideration, especially wind turbine and submersible pump type will provide important contributions to the

choice of the application is evaluated.
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