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Abstract

In this study, renewable energy project analysis softwares RETScreen®
International and ALWIN are used to analyze the wind data of Gékgeada,
Turkey. The annual cumulative wind speed values of Gék¢eada applied to
these softwares; the system characteristics, annual energy production,
power and energy curves of selected wind turbines are obtained as output.
The main objective is to indicate the abundant potential of wind power in
Turkey.

GOKCEADA, TURKIYE iCIN
KARSILASTIRMALI RUZGAR ENERJI
SANTRALI FiZIiBILITE CALISMASI

Ozetce

Bu calismada, Gékgeada riizgar verilerinin analizi i¢in yenilenebilir enerji
proje analiz  programlari RETScreen® International ve ALWIN
kullamimigtir. Gokgeada’ ya ait yillik ortalama riizgar hiz degerleri bu
vazilimlara — uygulanmig;  segilen riizgar  tiirbinlerine ait  sistem
karakteristikleri, yillik enerji tiretimi, giic ve enerji egrileri ¢ikti olarak elde
edilmistir. Esas amag, Tiirkive’ nin bol riizgar enerji potansiyelini
gostermektir.
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1. INTRODUCTION

There are large numbers of studies underlining the great potential of
renewable energy resources to contribute to Turkey’s national energy
production. These studies include, among others, Issues and Alternatives of
Energy and Environment Report of the World Bank, The Working Group
Report on Energy Technology Policies (STRIT/TDFT, 1998), National
Environment Strategy and Action Plan, the research activities of the New
and Renewable Energy Resources and Technologies Research Unit
(NRERTRU) of Kocaeli University and the Energy Department of the
Marmara University and the Wind Atlas of Turkey jointly produced by the
Electrical Power Resources Surveying Administration (EIE) and State
Meteorological Service (SMS). Among the different renewable energies,
wind energy is regarded as having the highest potential in Turkey. A recent
promising development in this regard is that of the Wind Atlas of Turkey
[1], which was jointly prepared by the EIE and the SMS, and published in
June 2002. The results of modeling used in the Atlas indicate that the
regions with the highest potential for wind speeds at 50 m above the Earth’s
surface are the Aegean, the Marmara, and the Eastern Mediterranean
Regions. The publication of the Atlas is expected to generate an increase in
the numbers of interested investors and investments. The Wind Atlas study
in Turkey was based on a study conducted by the Department of Mechanic
and Energy Systems of Marmara Research Center of the Scientific and
Technological Research Council of Turkey (TUBITAK-MAM) in 1999,
supported by the State Planning Organization (SPO). [2]
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Figure 1: Wind Speed Distribution in Turkey, [1]

TUBITAK-MAM commenced this study for the purpose of
preparing a wind atlas for Turkey. In 1989, this research group constituted
and published Turkish Wind Atlas Statistisc by the support of SPO
[3,4,5,6,7,8,9,10]. The project “Investigation of Wind Energy Utilization
Options in Turkey” was initiated and wind turbine prototype construction
and test laboratory was founded.

According to the Special Commission on Electrical Energy of the
State Planning Organization(2001)[11], the potential is 10000 MW, citing
the study of EIE. [12]

2. SITE SELECTION: GOKCEADA

In recent years, the Ministry of Energy and Natural Resources
(MENR), the Ministry of Environment, the EIE, the Technology
Development Foundation of Turkey (TDFT), STRIT, various universities,
and research institutes have come together to collaborate for further
developing the energy agenda of Turkey. In this point of view, with the
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huge potential of wind power, Gokgeada is the biggest island of Canakkale
as well as Turkey. The area of the island is about 289,5 km square.
Gokgeada, with an important strategical role also for the Turkish Navy, is
located 33 miles away from Canakkale and 14 miles from Kabatepe sea port
of the Gelibolu peninsula.

Table 1 illustrates detailed wind speed records measured by EIE for
Gokgeada, Turkey.

Station Year | 1 2 3 4 5 6 7 8 9 0] 11 12 Average

Gokeeada | 1994 | 78 | 74 | 76 | 64 | 45| 54| 82 61 |61 7274 63 6,7
19951 93 | 75| 77| 37| 69 | 46 74 66 | 33| 84| 67| 83 7
1996 | 86 | 86 | 81 | 45| 35| 6 73 64 | 326269 82 A8
1997 | 74177177161 | F F F F F |78 159 ] 78 [74)
1998 | 32 | 64 [ 81| 72| 358|355 | 69 77 164 |64 | 77| 10 59
1999 | 74167 | 61|52 ]38 |52 7.1 66 | 476174 86 64
2000 7.2 ] 68

Table 1. Detailed wind speed records measured by EIE in some specific
locations throughout Turkey, [11]

3. WIND ENERGY PROJECT APPLICATION BY
RETSCREEN® INTERNATIONAL AND ALWIN

The average of annual wind speed value of Goékgeada, Canakkale
(pointed in circle) in Table 1 above, is applied to two different Wind Energy
Modelling Softwares.

As seen in the Figure 2, the first software is Retscreen®
International; a standardized and integrated renewable energy project
analysis software. This tool provides a common platform for both decision-
support and capacity-building purposes. RETScreen can be used worldwide
to evaluate the energy production, life- cycle costs and greenhouse gas
emissions reduction for various renewable energy technologies (RETs).

RETScreen International is an innovative renewable energy
awareness, decision-support and capacity building tool developed by the
CANMET Energy Diversification Research Laboratory (CEDRL). The core
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of the tool consists of standardized and integrated renewable energy project
analysis software that can be used worldwide to evaluate the energy
production, life-cycle costs and greenhouse gas emission reductions for
various types of RETs. [13]
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Figure 2: RETScreen® International Wind Energy Project Modelling Software

The second software, ALWIN links the information on the wind
potential at a given site with the technical data of a wind turbine in order to
predict the possible energy yield. The program presents all data and results
in clear graphs and tables and supports the user with an elaborate on-line
help facility. ALWIN may be run on PC-compatible computers using
Windows. Data characterizing the wind potential of a site are stored in a site
file. The user creates this file by either feeding the measured data manually
or by importing them from a measurement file as created by Ammonit’ s
data loggers WICOM or WINDSITER. In order to analyze a fictitious site it
is possible to employ the Rayleigh or Weibull distribution specifying the
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appropriate parameters. A site file may be changed or updated with new
measurement data at any time. The WEC catalog contains the required
information of one or more wind energy converters (WEC). This file may be
created and edited by the user through input of power curve data, control
system information and hub height into given input fields. The power curves
are depicted in a special graph and complemented by a table of wind speed
versus electric power data as seen in Figure 3.
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Altitude: O0m Temperature: 15.0 °C Conversion factor (1/7-Power Law): 1.000
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Figure 3: ALWIN Wind Energy Modelling Software

For energy output calculation the site file is to be opened, the desired
wind turbine is to be chosen from the catalog and installed with a "double
click" on the left mouse button. Energy output, average power performance
and capacity factor are calculated in accordance to IEA/IEC standards. The
height of wind speed measurement and hub height are taken into account as
well as information on the control system and air density. [14]
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4. CASE STUDY FOR GOKCEADA

The annual wind speed average value of Gok¢eada, pointed in circle
in Table 1 above, is applied in RETScreen® INTERNATIONAL and
ALWIN, respectively. The inputs obtained from selected softwares are the
technical data of selected wind turbine model and the wind speed value. The
software outputs the power curves and tables of the selected turbine
configuration, power prediction diagrams.

These wind farm energy models are planned for different two wind
turbine configurations. In the first configuration, 17 turbines of Vestas V42
(Rated Power: 600 kW) take place in the project. The wind farm with 17 x
600 kW generates 10,2 MW electricity. The second project involves 6
turbines of Vestas V66 (Rated Power: 1,65 MW), which equals 9,0 MW
electricity generation, which can also supply the total electricity demand of
an extensive naval base.

RESULTS OF RESULTS OF ALWIN
RETSCREEN
Location Wind plant Annual Wind Plant Energy Wind Plant Energy
configuration Wind Capacity Delivered Capacity Delivered
Speed Factor (MWh) Factor (MWh)
Average
(m/s)
Gokgeada V42x 17 7.4 44% 39105 47.2% 42131
Gokgeada V66x6 7.4 42% 36325 44.9% 38947

Table 2. Comparison of the resultant data obtained from RETScreen” INTERNATIONAL and
ALWIN software applicationS
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5. CONCLUSION

The comparison of the wind plant capacity factors and the annual
energy generation values obtained by these softwares are illustrated in Table
2 above.

Wind plant capacity factors attract attention as in an approximated
range; varying 42-44% for Vestas V42 and 49-51% for Vestas V66. The
annual energy generation values are also noticed in a close range to each
other. The annual energy generation of Vestas V42 calculated by
RETScreen® INTERNATIONAL in Gokgeada is 39105 MWh. The same
site conditions give the result of 42131 MWh by ALWIN. The fact that
should be noted by both software applications is that these locations have a
high wind potential and wind power on this site can be extracted with a high
efficiency.
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Abstract


In this study, renewable energy project analysis softwares RETScreen® International and ALWIN are used to analyze the wind data of Gökçeada, Turkey. The annual cumulative wind speed values of Gökçeada applied to these softwares; the system characteristics, annual energy production, power and energy curves of selected wind turbines are obtained as output. The main objective is to indicate the abundant potential of wind power in Turkey.  


GÖKÇEADA, TÜRKİYE İÇİN KARŞILAŞTIRMALI RÜZGAR ENERJİ SANTRALİ FİZİBİLİTE ÇALIŞMASI


Özetçe


Bu çalışmada, Gökçeada rüzgar verilerinin analizi için yenilenebilir enerji proje analiz programları RETScreen® International ve ALWIN kullanılmıştır. Gökçeada’ ya ait yıllık ortalama rüzgar hız değerleri bu yazılımlara uygulanmış; seçilen rüzgar türbinlerine ait sistem karakteristikleri, yıllık enerji üretimi, güç ve enerji eğrileri çıktı olarak elde edilmiştir. Esas amaç, Türkiye’ nin bol rüzgar enerji potansiyelini göstermektir.



Keywords: RETScreen® International, ALWIN, Wind Energy Project, Gökçeada.
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1. INTRODUCTION


There are large numbers of studies underlining the great potential of renewable energy resources to contribute to Turkey’s national energy production. These studies include, among others, Issues and Alternatives of Energy and Environment Report of the World Bank, The Working Group Report on Energy Technology Policies (STRIT/TDFT, 1998), National Environment Strategy and Action Plan, the research activities of the New and Renewable Energy Resources and Technologies Research Unit (NRERTRU) of Kocaeli University and the Energy Department of the Marmara University and the Wind Atlas of Turkey jointly produced by the Electrical Power Resources Surveying Administration (EIE) and State Meteorological Service (SMS). Among the different renewable energies, wind energy is regarded as having the highest potential in Turkey. A recent promising development in this regard is that of the Wind Atlas of Turkey [1], which was jointly prepared by the EIE and the SMS, and published in June 2002. The results of modeling used in the Atlas indicate that the regions with the highest potential for wind speeds at 50 m above the Earth’s surface are the Aegean, the Marmara, and the Eastern Mediterranean Regions. The publication of the Atlas is expected to generate an increase in the numbers of interested investors and investments. The Wind Atlas study in Turkey was based on a study conducted by the Department of Mechanic and Energy Systems of Marmara Research Center of the Scientific and Technological Research Council of Turkey (TUBITAK-MAM) in 1999, supported by the State Planning Organization (SPO). [2]
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Figure 1: Wind Speed Distribution in Turkey, [1]


TUBITAK-MAM commenced this study for the purpose of preparing a wind atlas for Turkey. In 1989, this research group constituted and published Turkish Wind Atlas Statistisc by the support of SPO [3,4,5,6,7,8,9,10]. The project “Investigation of Wind Energy Utilization Options in Turkey” was initiated and wind turbine prototype construction and test laboratory was founded. 


According to the Special Commission on Electrical Energy of the State Planning Organization(2001)[11], the potential is 10000 MW, citing the study of EIE. [12]


2.  SITE SELECTION: GÖKÇEADA

In recent years, the Ministry of Energy and Natural Resources (MENR), the Ministry of Environment, the EIE, the Technology Development Foundation of Turkey (TDFT), STRIT, various universities, and research institutes have come together to collaborate for further developing the energy agenda of Turkey. In this point of view, with the huge potential of wind power, Gökçeada is the biggest island of Çanakkale as well as Turkey. The area of the island is about 289,5 km square. Gökçeada, with an important strategical role also for the Turkish Navy, is located 33 miles away from Çanakkale and 14 miles from Kabatepe sea port of the Gelibolu peninsula.


Table 1 illustrates detailed wind speed records measured by EIE for Gökçeada, Turkey.
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Table 1. Detailed wind speed records measured by EIE in some specific locations throughout Turkey, [11]


3. WIND ENERGY PROJECT APPLICATION BY RETSCREEN® INTERNATIONAL AND ALWIN


The average of annual wind speed value of Gökçeada, Çanakkale (pointed in circle) in Table 1 above, is applied to two different Wind Energy Modelling Softwares. 


As seen in the Figure 2, the first software is Retscreen® International; a standardized and integrated renewable energy project analysis software. This tool provides a common platform for both decision-support and capacity-building purposes.  RETScreen can be used worldwide to evaluate the energy production, life- cycle costs and greenhouse gas emissions reduction for various renewable energy technologies (RETs).


RETScreen International is an innovative renewable energy awareness, decision-support and capacity building tool developed by the CANMET Energy Diversification Research Laboratory (CEDRL).  The core of the tool consists of standardized and integrated renewable energy project analysis software that can be used worldwide to evaluate the energy production, life-cycle costs and greenhouse gas emission reductions for various types of RETs. [13]
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Figure 2: RETScreen® International Wind Energy Project Modelling Software

The second software, ALWIN links the information on the wind potential at a given site with the technical data of a wind turbine in order to predict the possible energy yield. The program presents all data and results in clear graphs and tables and supports the user with an elaborate on-line help facility. ALWIN may be run on PC-compatible computers using Windows. Data characterizing the wind potential of a site are stored in a site file. The user creates this file by either feeding the measured data manually or by importing them from a measurement file as created by Ammonit’ s data loggers WICOM or WINDSITER. In order to analyze a fictitious site it is possible to employ the Rayleigh or Weibull distribution specifying the appropriate parameters. A site file may be changed or updated with new measurement data at any time. The WEC catalog contains the required information of one or more wind energy converters (WEC). This file may be created and edited by the user through input of power curve data, control system information and hub height into given input fields. The power curves are depicted in a special graph and complemented by a table of wind speed versus electric power data as seen in Figure 3.
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Figure 3: ALWIN Wind Energy Modelling Software


For energy output calculation the site file is to be opened, the desired wind turbine is to be chosen from the catalog and installed with a "double click" on the left mouse button. Energy output, average power performance and capacity factor are calculated in accordance to IEA/IEC standards. The height of wind speed measurement and hub height are taken into account as well as information on the control system and air density. [14]


4. CASE STUDY FOR GÖKÇEADA


The annual wind speed average value of Gökçeada, pointed in circle in Table 1 above, is applied in RETScreen® INTERNATIONAL and ALWIN, respectively. The inputs obtained from selected softwares are the technical data of selected wind turbine model and the wind speed value. The software outputs the power curves and tables of the selected turbine configuration, power prediction diagrams.


These wind farm energy models are planned for different two wind turbine configurations. In the first configuration, 17 turbines of Vestas V42 (Rated Power: 600 kW) take place in the project. The wind farm with 17 x 600 kW generates 10,2 MW electricity. The second project involves 6 turbines of Vestas V66 (Rated Power: 1,65 MW), which equals 9,0 MW electricity generation, which can also supply the total electricity demand of an extensive naval base.


5. CONCLUSION


The comparison of the wind plant capacity factors and the annual energy generation values obtained by these softwares are illustrated in Table 2 above.


Wind plant capacity factors attract attention as in an approximated range; varying 42-44% for Vestas V42 and 49-51% for Vestas V66. The annual energy generation values are also noticed in a close range to each other. The annual energy generation of Vestas V42 calculated by RETScreen® INTERNATIONAL in Gökçeada is 39105 MWh. The same site conditions give the result of 42131 MWh by ALWIN. The fact that should be noted by both software applications is that these locations have a high wind potential and wind power on this site can be extracted with a high efficiency.
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�

Results of RETscreen�

Results of ALWIN�

�

Location�

Wind plant configuration�

Annual Wind Speed Average (m/s)�

Wind Plant Capacity Factor�

Energy Delivered (MWh)�

Wind Plant Capacity Factor�

Energy Delivered (MWh)�

�

Gökçeada�

V 42 x 17�

7.4�

44%�

39105�

47.2%�

42131�

�

Gökçeada�

V 66 x 6�

7.4�

42%�

36325�

44.9%�

38947�

�

Table 2. Comparison of the resultant data obtained from RETScreen® INTERNATIONAL and ALWIN software applications
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