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Introduction 

 Global warming issue has led to discover the 
importance of renewable energy 

 National and international policies support renewable 
energy 

 Renewable plants unit cost of energy is higher than 
conventional plants. However, governments provide 
incentive & cost based tariff to support renewable  

 Cost benefit analysis give an idea about the 
acceptability of any renewable energy plant  
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Total Installed Capacity in Turkey 

Total installed capacity in Turkey is 73.147,6 MW (end of 
the year 2015) 

 Hard coal 9.023 MW 

 Imported coal 6.064 MW 

 Natural gas 21.222 MW 

 Fosil resources 4.326 MW 

 Hydro 25.877 MW 

 Wind 4.498 MW 

 Geothermal 623,9 MW 

 Solar 585 MW (under operation) 
Source: Turkish Ministry of Energy&Natural Sources 



By the end of year 2015 Soruce Based Electricity Production 
Rates 



1.Development of Wind Energy  
in Turkey 

 Today, total installed capacity in Turkey is above 

73.519 GW.  (coal, gas, renewables ) 

 Total wind power installed capacity represents only 6% 
of the total capacity, at just above 4.7 GW. The capacity 
under construction is 1.9 GW, waiting to join operation. 

 Turkey is increasingly turning into renewable energy 
sources to improve its energy security, and seeking to 
provide 30% of its electricity from renewable 
energy  including wind, solar and hydro power, by 2023. 

Source: Turkish Wind Energy Association (TWEA) 



1.Developing Wind Energy  
in Turkey 

 Turkey’s best wind resources are located in the 
provinces of Çanakkale, Izmir, Balıkesir, Hatay and 
Manisa.  

 As of the end of 2013, the Aegean region had the 

highest installed wind capacity with a total of 1600 

MW, followed by the Marmara region with 1517 MW 

and the Mediterranean region with 543 MW. 

 One of the objectives set out in the 2009 Electric 
Energy Market and Supply Security Strategy Paper for 
Wind Energy is to reach a total installed capacity of 
20GW by 2023.  

Source:GWEC 



Turkish Wind Power Plant Atlas(2014) 
Turkish Wind Energy Association, has been publishing 
the Turkish Wind Power Plant Atlas of Turkey, twice 
every year. The update atlas is the 2015 year end version.  

 

 Turkish Wind Power Atlas 2015 

 

 

http://www.tureb.com.tr/files/yayinlar_ing/19._tursat_2015_1_turkish_wind_power_plant_atlas_january.pdf
http://www.tureb.com.tr/files/yayinlar_ing/19._tursat_2015_1_turkish_wind_power_plant_atlas_january.pdf


Source: Turkish Wind Energy Association (TWEA) 



1.2.Supports for Wind Energy 
 Turkey’s Renewable Energy Law (No. 5346 dated 18th 

May 2005) was amended in December 2010 and the 
notification was issued on 8th January 2011 . 

 After the amendment of the law the feed-in tariff was 
set at USD 7.3 cent/kWh (EUR 5.4 cent) for wind 
power, for a period of ten years and will apply to power 
plants that come into operation before 1st January 
2016.  

  In 2014, 11.65 percent increase in wind production 
enabled Turkey to pay $850 million less for natural gas, 
while Turkey uses almost half of its natural gas imports 
for power generation. 

Source:GWEC 



1.3.Outlook For 2015 And Beyond 

 The Turkish Wind Energy Association expects the 
market to reach an installed capacity of 5,000 MW by 
the end of 2015.  

 Turkey’s National Transmission Company expects 
annual installations to reach 1,000 MW per year from 
2014 onwards 

 Presently, Turkey is one of the biggest on-shore wind 

markets in Europe with an 11 GW pipeline of wind 
power projects, and it could be as high as 20 GW in the 
following ten years. 

 
Source: Turkish Wind Power Association (TUREB) 



2.Wind Power Plants Under Operation 





2.1.Annual Installations for WPPs in Turkey(MW) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



 
 
 
 
 

2.2.Cumulative Installations for WPPs 
in Turkey(MW) 

 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



2.3.1.Investors According to Installed capacity for 
operational wind power plants(MW) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



2.3.2.Investors According to operational wind power 
plants(%) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



2.4.1.Turbine Manufacturers according to Installed 
Capacity for Operational WPPs(MW) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



2.4.2.Turbine Manufacturers 
According to Operational WPPs (%) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



2.5.1.Regions According to the Installed Capacity of 
Operational WPPs(MW) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



2.5.2.Regions According to the Installed Capacity of 
Operational WPPs (%) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



2.6.Cities According to Installed Capacity for  
Operational WPPs(MW) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



Cities According to operational WPPs 



3.WPPs Under Construction 



3.1.1.Investors According to capacity for WPPs 
UnderConstruction (%) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



3.1.2.Investors According to capacity for WPPs 
UnderConstruction (MW) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



3.2.1.Turbine Manufacturers According to capacity for 
WPPs Under Construction (%) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



3.2.2. Turbine Manufacturers According to capacity for 
WPPs Under Construction (MW) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 

 



3.3.1.Regions According to the Installed Capacity for 
WPPs Under Construction(%) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



3.3.2.Regions According to the Installed Capacity for 
WPPs Under Construction(MW) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



3.4.1. Cities According to Capacity for  
WPPs Under Construction(%) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 



3.4.2. Cities According to Capacity for  
WPPs Under Construction(MW) 

Source: Turkish Wind Energy Association, Turkey Wind Energy Statistics Report, January 2016 

 



4.Classification of Wind 
Turbines in Turkey 

The outcoming wind turbine manufacturers 

in Turkey are : 

 

 ENERCON 

 SIEMENS 

 NORDEX 

 VESTAS 

 

 

 

 



4.1.1.ENERCON PRODUCTS 
in TURKEY 

Source: ENERCON  

Here, the mostly used wind turbine 
products of ENERCON series in 
Turkey have been classified and a 
comparison has been made out.  

 The turbines mainly show 
difference for their; 

 Rated power(kW), 

 Rotor diameter(m), 

 Rotational speed(rpm) 

 Capacity factor(%) 

 



4.1.2.ENERCON Wind Turbines  
Used in Turkey 

Source: ENERCON  

The mostly used products of Enercon 
in Turkey are; 

 

 E-44(900 KW) 

 E-70(2300 KW) 

 E-82(2000 KW) 

 E-82(3000 KW) 

 

 



4.1.3.Comparison of Enercon Wind Turbines  
Used in Turkey 

 

 

 

 

 

 

 

Source: ENERCON  



4.2.1.SIEMENS PRODUCTS IN TURKEY 

Here, the mostly used wind turbine 
products of SIEMENS series in Turkey 
have been classified.  

The mostly used products are; 

 SWT-101/ 2.300KW 

 SWT-108/2.300KW 

 SWT-113/3.200KW 

Source: SIEMENS 



4.2.2.SIEMENS Wind Projects in Turkey 

Source: SIEMENS 



4.3.1.NORDEX PRODUCTS IN TURKEY 

 Here, the mostly used wind turbine 
products of NORDEX series in Turkey 
have been classified.  

The mostly used products are; 

 N90/2500 KW 

 N100/3300KW 

 N117/3000KW 

Source: NORDEX 



A Case Study in Turkey 

Source: NORDEX 



4.4.1.VESTAS PRODUCTS IN TURKEY 

 Here, the mostly used wind turbine 
products of VESTAS series in Turkey 
have been classified.  

The mostly used products are; 

 V90/2000 KW 

 V100/2000 KW 

 V112/3300KW 

Source: VESTAS 
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4.5.1.Wind Turbine Components 



4.5.2.Wind Turbine Components 
 A 1.5 MW wind turbine of a has a tower 80 meters 

high.  

 The rotor assembly (blades and hub) weighs 
48,000 pounds (22,000 kg).  

 The nacelle, which contains the generator component, 
weighs 115,000 pounds (52,000 kg). 

  The concrete base for the tower is constructed using 
58,000 pounds (26,000 kg) of reinforcing steel and 
contains 250 cubic yards of concrete. 

  The base is 50 feet (15 m) in diameter and 8 feet (2.4 
m) thick near the center.  

 



4.6.CBA of Wind Turbines 
 CBA applied to energy is the consideration of all the 

costs and benefits of an energy Project taking account 
of present and future work. 

  CBA takes account of both financial and social 
analysis 



4.6.CBA of Wind Turbines 
There is mainly four ways of eveluating CBA; 

  Benefit/Cost ratio 

 Net present value(NPV) 

 Internal rate of return (IRR) 
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Basic cost of wind energy 
 Approximately 75% of the total cost of energy for a 

wind turbine is related to upfront costs such as  

 the cost of the turbine,  

 foundation,  

 electrical equipment, 

  grid-connection  

Source: THE ECONOMICS OF WIND ENERGY EWEA 
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4.6.1.A typical 2 MW Wind  
Turbine Costs 
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4.6.2.Case Study-55 MW Wind  
Project Costs (Turkey project) 



A 55 MW Turbine costs in Turkey (€2011) 

Construction 
4% 

Turbine 
79% 

Transportation 
0% 

Electric 
eq.&installation 

7% 

Grid 
con.&expropriati

on 
3% 

Operation 
capital 

1% 

financial costs 
4% other 

2% 



4.6.3.Outcomes of the Project 
As the 55 MW wind Project is considered: 

 the operation time 3000 hours per year,  

 the lifetime of the turbine is 30 years,  

 The power plant generates 155 million kWh of 
electricity per year  

 meets the annual need of 77.500 people.  

 Also it reduces 98.500 tons of emission each year 



4.6.4.Wind investments compared with life time 
avoided fuel and CO2 costs  

 

Source: THE ECONOMICS OF WIND ENERGY EWEA 



(Oil – $90/barrel; CO2 – €25/t) 

 Figure shows the total CO2 costs and fuel costs avoided 
during the lifetime of the wind energy capacity installed for 
each of the years 2008-2030, assuming a technical lifetime 
for onshore wind turbines of 20 years and for offshore wind 
turbines of 25 years. 

  Furthermore, it is assumed that wind energy avoids an 
average of 690g CO2/kWh produced; that the average 
price of a CO2 allowance is €25/t CO2 and that €42 million 
worth of fuel is avoided for each TWh of wind power 
produced, equivalent to an oil price throughout the period 
of $90 per barrel. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 4.7.Onshore vs Offshore Wind Energy Costs 

 Onshore wind energy sticks out 
as being extremely important 
because it’s one of the most cost-
effective and mature of all the 
renewable technologies. 

 Although offshore wind is 
another great source of clean 
energy, it’s not the best 
investment  right now because of 
its very high costs, immature 
technologies and development 
constraints. 

 



5.Comparison of Turbines 
The wind turbines are compared due to the parameters; 

1. The produced power 

2. Lifetime 

3. O&M (Eurocent/kWh)  

4. Capital cost (Euro/KW)  

5. Interest rate (%)  

6. Full hours (per year) 

7. Capacity Factor 

 

 

 

 



5.1.The economics of wind systems 

 



Benefits of Wind Energy 

 One of the most important economic 
benefits of wind power is that it reduces 
the exposure of our economies to fuel 
price volatility.  

 

 Wind energy  will have a large share in 
most European countries, even if wind 
were more expensive per kWh than other 
forms of power generation. 

 

 In a situation where the industrialized 
world is becoming ever more dependent 
on importing fuel from politically unstable 
areas, this aspect merits immediate 
attention.  



Advantages of Wind Power 
 After installation, only cost is maintenance 

 Wind is renewable 

 Available everywhere to some extent 

 No pollution 

 Simple designs 

 Supply of wind energy cannot be controlled by anyone 
(no political maneuvering) 

 Wind farms make it profitable 

 



Disadvantages of Wind Power 
 Expensive to set up, custom products 

 Wind speed varies a lot 

 Hard to predict 

 Not steady, so unreliable 

 Accurate data absolutely necessary 

 Environmental impact from manufacturing 

 Turbines can require large areas of land 
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6.1.The Cost Benefit Analysis in Smart Grid 
Systems 

 Cost Benefit Analysis (CBA) in smart grid system will 
compensate the energy need in Turkey by providing 
energy more efficiently and environment friendly. The 
energy rate produced from wind turbines among 
renewable energies will take an active role in electric 
grid in the future. 

 Without the knowledge of the cost and benefits of 
renewables, it is difficult to draw a roadmap for the 
countries renewable energy technology policies. 



How to integrate to Smart Grid? 
Benefits 

 Benefits of Smart Meters 

 CO2 Reduction 

 Fuel Savings 

Costs 

 Installing Smart Meters 

 Renewables & Integration 

 Updating Infrastructure 

 Educating the Public 



References 
 Turkish wind energy statistics report,2016 

 ENERCON Wind energy converters, Product Overview 

 Wind energy resource assessment of Izmit in the West Black Sea Coastal Region of 
Turkey, Serhat Kucukali, Renewable and Sustainable Energy Reviews 30 (2014) 

 Renewable Energy Technologıes: Cost Analysis Series,Irene,2012 

 I. Colak, M. S. Ayaz, M. Bilgili, and K. Boran, “Cost benefit analysis of wind turbines in 
smart grid systems,” 2014 16th Int. Power Electron. Motion Control Conf. Expo., pp. 1295–
1299, Sep. 2014.  

 The Economics of Wind Energy, EWEA 2012 

 ENERCON, VESTAS, SIEMENS, NORDEX wind türbine datasheets 

 EWEA Annual Statistics, 2015 

 Turkish Wind Power Atlas 2015 

 Turkish Ministry of Energy&Natural Sources Report 2015 

 

 



Workshop on Costs, benefits and Impact 
Assessment of Smart Grids for Europe and Beyond 



Workshop on Costs, benefits and Impact 
Assessment of Smart Grids for Europe and Beyond 



Workshop on Costs, benefits and Impact 
Assessment of Smart Grids for Europe and Beyond 



Workshop on Costs, benefits and Impact 
Assessment of Smart Grids for Europe and Beyond 



Collaboration with Gelisim University 

Any kind of collaborations such as 

 Research 

 Staff exchange 

 ERASMUS+ 

 Projects 

 Writing up papers 

 Organizing workshops and conferences 

are welcomed 
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Thanks for your kind attention! 
 ---------------------------------------------------------------------------------------------------------- 

 Prof. Dr. Ilhami COLAK 

 Vice Rector and Dean of Eng. and Architecture Faculty of Istanbul Gelisim Univ. 

 ----------------------------------------------------------------------------------------------------------- 

 https://scholar.google.com.tr/citations?user=bpJQuyoAAAAJ&hl=en 

 http://w3.gazi.edu.tr/~icolak/english.htm 

 icolak@gelisim.edu.tr; ilhcol@gmail.com 
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 Editor-in-Chief, IJRER, (www.ijrer.org); ijrereditor@gmail.com 
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