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ABSTRACT 

In recent years, renewable energy (RE) has become a significant topic both globally and in 

Türkiye. Renewable energy systems (RESs), in particular, appear to play a significant role in 

decreasing many of the risks the world faces, such as global warming and increased carbon 

emissions. This issue is currently on the agenda of the United Nations Sustainable Development 

Goals (SDGs) under the heading of SDG 7: Affordable and Clean Energy, and research in this area 

is increasing over time. In this study, a decision-support model was developed to evaluate suitable 

sites for wind power plant (WPP) investments. In addition to considering the plant installation cost 

and operation and maintenance (O&M) cost, the model incorporates different pricing scenarios for 

transmission costs. Break-even times (BETs) were calculated for representative cities across the 

seven regions of Türkiye, taking into account the revenues obtained from the sale of energy 

generated by the WPPs. In addition, net present value (NPV), internal rate of return (IRR), and 

sensitivity analyses were conducted to further evaluate the long-term economic feasibility and 

robustness of the candidate investment locations. The results revealed that the developed framework 

and the comparative economic analysis could serve as a guide from an innovative perspective for 

entrepreneurs planning to invest in this sector in Türkiye. 
 

Keywords: Renewable Energy, Techno-Economic Assessment, Energy Transmission Cost, Decision Support 

Model, Site Selection. 

 

 

1. INTRODUCTION 

Energy is a fundamental need for development. However, sustainable development can 

only be achieved through the implementation of sustainable energy systems. With the rise 

of RE technologies over the past few decades, the share of RE in electricity generation has 

increased in many countries. However, in some countries and sectors such as 

transportation, RE is still at a very early stage. This is due to the unique characteristics of 

each region. Therefore, for RE to advance, countries must accurately analyze the resources 

within their regions, identify suitable systems, and then develop these systems [1]. 
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Targets such as climate change, global warming, energy security, cost minimization, and 

carbon footprint reduction are particularly powerful drivers of energy development [2]. 

Furthermore, energy is one of the United Nations SDGs [3]. IRENA’s Renewable Capacity 

Statistics 2025 report also demonstrates that significant progress has been made globally. 

According to the report, RE capacity increased by 585 GW (15.1%) in 2024. More than 

three-quarters of this growth came from solar energy, with an increase of 452 GW (32.2%), 

followed by wind energy with an increase of 113 GW (11.1%). Among countries, China is 

known to have accounted for more than two-thirds of the total capacity increase (+79.9 

GW), while the United States achieved an increase of 5.1 GW. Brazil, India, Canada, 

Türkiye and some European countries are other countries that have made significant 

progress in capacity increase [4]. 

 

Sustainable energy is a vital area involving many different stakeholders, from generation 

to end-users, including the public, companies that generate and distribute energy, and 

intermediate suppliers [5]. While the high initial investment costs of RESs such as solar 

farms and wind power plants are a serious problem, they are also observed to have 

relatively lower O&M costs and no fuel costs [6]. The unit energy generation costs of RE 

sources such as wind, photovoltaic solar, and deep geothermal energy vary depending on 

the geographical conditions in different regions of a country. Unlike fuel-based energies 

such as coal, natural gas, and uranium, these sources can be transmitted through electricity 

transmission systems, creating new constraints and dependence on transmission 

infrastructure during energy transfer. The cost situation due to geographic location and the 

dependence on infrastructure for electricity transmission play a critical role in making 

realistic estimates of the expected growth in RE generation across countries. The 

transmission of energy between regions becomes a much more important issue, especially 

in reducing costs and increasing the efficiency of the energy system [7]. 

 

Different pricing methods are utilized in international electricity markets to effectively 

manage transmission capacity and mitigate grid congestion. While zonal pricing systems 

are predominantly implemented in European electricity markets, locational marginal 

pricing and nodal pricing approaches are widely adopted in countries such as the United 

States and Canada. These mechanisms directly incorporate transmission constraints and 

regional grid congestion into the pricing structure, thereby influencing both electricity 

market operations and investment decisions [8]. Transmission costs and grid constraints in 

international electricity markets have been extensively examined within the scope of 

different pricing mechanisms such as locational marginal pricing [9,12], nodal pricing 

[13,15], and zonal pricing [14,16]. However, the majority of existing studies mainly focus 

on electricity market operation, congestion management, and price formation mechanisms, 

whereas studies evaluating the effects of transmission-cost-based pricing structures on the 

economic feasibility of renewable energy investments remain relatively limited. In 

particular, comprehensive techno-economic studies investigating the impacts of 
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transmission-distance-sensitive cost structures on wind power plant investments in Türkiye 

are still lacking. 

 

Developing renewable and sustainable energy systems is of paramount importance for 

many industrialized countries aiming to achieve global and environmental sustainability 

goals. However, studies have shown that meeting energy demand sustainably and 

efficiently, from the first industrial revolution to the present day, is one of the most complex 

and challenging challenges [17]. Therefore, all steps from the design to operation of these 

sustainable energy systems must be carefully examined to ensure their economic viability 

and their relationship with the environment [18]. In modern societies, a continuous supply 

of energy is a fundamental need for users. However, for many developing countries, 

uninterrupted energy supply is not achieved due to insufficient energy generation, losses 

incurred during transmission, and inadequate and legacy distribution infrastructures, which 

pose a serious problem [19]. 

 

Türkiye has made significant progress in the wind energy sector thanks to the advantages 

provided by its geographical location and climate, particularly the increased focus on RE 

sources and the government's incentive policies. There are studies showing that the wind 

characteristics of the Marmara, Aegean, Mediterranean, and inland regions are suitable for 

electricity generation [20]. Thus, many remarkable studies have been conducted in Türkiye 

in the field of wind energy, evaluating environmental, economic and technical criteria 

[21,29]. Aksu and Gencer [30] evaluated the suitability of offshore wind farms to be 

established in Türkiye's marine areas using two different methodological approaches. 

Aktekin et al. [31] conducted a techno-economic feasibility assessment in Mersin, Türkiye, 

to design a clean and sustainable energy system combining wind and solar energy systems 

with nuclear power plants. This study aimed to provide uninterrupted electricity for hourly 

and peak residential load demands. Insel at al. [32] conducted cost analyses for onshore 

wind and solar photovoltaic (PV) installations in Türkiye under various local and global 

investment scenarios. These scenarios sought to develop a forecast for Türkiye's annual 

installed power potential through 2030. Gönül et al. [33] conducted a feasibility study and 

a SWOT analysis of Türkiye's competitive position to discuss Türkiye's wind energy 

situation and the current feed-in tariff scheme. They suggested policies and incentives that 

could pave the way for Türkiye's progress in wind energy. Tagliapietra et al. [34] conducted 

an analysis of the capital costs of wind energy investments using data from 138 wind farms 

included in the feed-in tariff program in 2017. This analysis concluded that the capital cost 

in Türkiye, with an upper limit of 12%, was not higher than in EU countries. Dayi et al. 

[35] conducted a feasibility study to analyze the feasibility of wind power plants to be built 

in several districts of the Kastamonu region. The study showed that the expected payback 

period of the investment could vary between 2 and 25 years, depending on various factors, 

including the site and turbine size.  
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In this study, the installation, operation, maintenance, and transmission costs, together with 

the revenues obtained from electricity sales, were calculated for provinces selected from 

seven different regions of Türkiye. To evaluate the economic feasibility of wind power 

plant investments, three different transmission-cost-based pricing scenarios were 

developed and BET values were calculated for each scenario. In addition to BET analyses, 

NPV and IRR analyses were conducted to evaluate long-term economic performance. 

Furthermore, sensitivity analyses based on capacity factor, electricity selling price, and 

transmission unit cost parameters were performed to assess the robustness of the proposed 

framework under different operating conditions. In this respect, the study aims to be one of 

the limited number of techno-economic studies evaluating the effects of transmission-cost-

sensitive pricing structures on the economic performance of wind power plant investments 

by jointly utilizing BET, NPV, IRR, and sensitivity analyses. Thus, the study 

comprehensively examines the effects of transmission-distance-sensitive pricing structures 

on the economic feasibility of wind power plant investments in Türkiye. The details of the 

proposed mathematical model are presented in Section 2. 

 

2. MATERIALS AND METHODS 

The establishment of a WPP involves an initial investment cost, including not only the 

turbine cost but also other installation costs. Once a WPP becomes operational, revenue 

begins to be generated through electricity sales. However, electricity transmission and 

O&M costs arise. For a power plant to turn a profit, revenue must exceed the total of the 

initial investment, transmission, and O&M costs. This study aims to achieve the BET where 

revenues and costs are equal, as quickly as possible. To this end, an innovative 

mathematical model is proposed that contributes to the literature by considering a different 

transmission cost calculation. The proposed framework performs comparative economic 

evaluations of candidate locations under different transmission pricing scenarios. 

 

The model designed two different scenarios for transmission costs. In the first scenario, 

transmission costs are calculated based solely on the amount of energy transmitted per unit 

of time; in the second scenario, a model was developed that considers the amount of energy 

transmitted as well as the transmission distance. In addition to the initial investment and 

O&M costs involved in site selection for a onshore WPP, the impact of transmission costs 

calculated using different pricing methods was analyzed. During the implementation phase, 

BET values, which represent the payback period of the investment and the total revenue 

generated by transmitting electricity generated by wind turbines installed in selected cities 

across seven regions of Türkiye to Istanbul, a city with a high industrial density and very 

high electricity consumption, were calculated. The results indicate that when calculating 

transmission costs, the distance between the investment location and the destination can be 

an important factor in determining location selection, in addition to the amount of energy 

transmitted per unit of time. In this study, all calculations were performed in MS Excel. 

The model's notations, assumptions, objective function, and constraints are presented 

below. 
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Notations, Parameters and Decision Variables 

𝑟 = Index for installation region (𝑟 = 1,2, … , 𝑝) 

𝑛𝑟 = Number of turbines in region r 

𝑐𝑟 = Cost of a turbine in region r ($) 

𝑝 = Number of installation regions 

𝐵𝐸𝑇𝑟 = BET in region r (year) 

𝐼𝐶𝑟 = Installation cost in region r ($) 

𝑇𝐶𝑟 = Turbine cost in region r ($) 

𝑂𝐶𝑟 = Other installation costs in region r ($) 

𝑇𝑀𝐶𝑟 = Transmission cost in region r ($/year) 

𝑂𝑀𝐶𝑟 = O&M cost in region r ($/year) 

𝑅𝑟 = Total revenue in region r ($/year) 

𝛼𝑟 = Ratio of other installation costs to turbine costs 

𝐸𝑤 = Amount of energy generated per unit time by a turbine (MWh) 

𝐸𝑝 = Amount of energy transmitted per unit time (MWh) 

𝐶𝑢 = Fixed annual transmission line system usage fee by installation region ($/MWh) 

𝐶𝑝 = Unit transmission fee per unit of energy ($/MWh) 

𝐶𝑣 = Unit sales price per unit of energy ($/MWh) 

𝐿 = Straight-line distance from the installation region to the transmission point (km) 

𝑞 = {
1, 𝐼𝑓 𝑡ℎ𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑑𝑒𝑝𝑒𝑛𝑑𝑠 𝑜𝑛𝑙𝑦 𝑜𝑛 𝑡ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑
0, 𝐼𝑓 𝑡ℎ𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑑𝑒𝑝𝑒𝑛𝑑𝑠 𝑜𝑛 𝑏𝑜𝑡ℎ 𝑡ℎ𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

 

𝑦𝑟 = {
1, 𝑖𝑓 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑐𝑎𝑟𝑟𝑖𝑒𝑑 𝑜𝑢𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑟𝑒𝑔𝑖𝑜𝑛
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

 

𝛾 = Ratio of annual O&M cost to installation cost 

𝑡 = Operation period (years) 

𝐶𝐹𝑟 = Capacity factor of installation site r 

𝑧= 24*365 (hours) 
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Assumptions 

1. Installed capacity is equal in all regions. 

2. Installation will be carried out in each region by purchasing or leasing approximately 

equal-sized non-zoned land. 

3. The distance from the installation region to the main grid is assumed to be covered by 

overhead transmission lines. 

4. The transformer to be installed in each region will have the same capacity. 

5. It is assumed that all the generated energy is transmitted and sold. 

 

Objective Function 

𝑍 = min( 𝐵𝐸𝑇𝑟)                                                                                                                             (1) 

 

Constraints 

𝐵𝐸𝑇𝑟 =  𝐼𝐶𝑟 /(𝑅𝑟 − 𝑇𝑀𝐶𝑟 − 𝑂𝑀𝐶𝑟)                                                                                        (2) 

𝑇𝐶𝑟 = 𝑛𝑟𝑐𝑟  ∑ 𝑦𝑟
𝑃
𝑟=1                                                                                                                       (3)  

𝑂𝐶𝑟 =  𝑇𝐶𝑟𝛼𝑟                                                                                                                                   (4) 

𝐼𝐶𝑟 =  𝑇𝐶𝑟 + 𝑂𝐶𝑟                                                                                                                           (5)                                                               

𝑇𝑀𝐶𝑟 = 𝐶𝑢 + 𝐸𝑝𝑧𝐶𝑝𝑞 + 𝐸𝑝𝑧(𝐿/100)𝐶𝑝(1 − 𝑞)                                                                    (6)                                                                                              

𝑂𝑀𝐶𝑟 = 𝐼𝐶𝑟𝛾                                                                                                                                   (7)  

𝑅𝑟 = 𝐸𝑝𝑧𝐶𝑣                                                                                                                                        (8) 

∑ 𝑦𝑟
𝑃
𝑟=1 = 1                                                                                                                                      (9)                                                                                                                               

𝑚𝑎𝑥{𝐸𝑃} ≤ 𝑚𝑎𝑥{𝑛𝑟𝐸𝑤}                                                                                                             (10)                                                                                                                                                                                                                     

𝐸𝑤 , 𝐸𝑝 , 𝐶𝑝 ,  𝐶𝑣  , 𝑐𝑟 ≥ 0                                                                                                            (11) 

 

(1) The model ensures the minimization of the BET. 

(2) It defines the time at which the revenue in a region equals the sum of total installation 

cost, transmission cost, and O&M cost. 

(3) It represents the turbine cost in a given region. 

(4) It accounts for the costs other than turbines cost in a wind farm to be installed in a 

region. 

(5) The installation cost consists of the sum of turbine cost and other installation costs. 

(6) It defines the cost incurred during the transmission of the generated energy. 

(7) It includes the costs of wind turbines, other installed equipment, and O&M. 

(8) It represents the revenue obtained from the sale of the energy generated. 

(9) The model ensures that a region is selected. 
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(10) The maximum amount of energy transmitted per unit time cannot exceed the 

maximum energy that the WPP can generate per unit time [36]. 

(11) The model ensures the non-negativity condition. 

 

3. RESULTS AND DISCUSSION  

When planning the installation sites of WPPs, many parameters such as wind speed, power 

density, and capacity factors are considered. Beyond turbine and other installation costs 

during system establishment, transmission costs of the generated energy and O&M costs 

can significantly affect the payback period of the investment. This study aims to provide 

investors and decision-makers with a perspective on how long it would take for WPPs 

installed with equal capacity in selected cities across Türkiye’s regions that stand out for 

wind energy potential to reach their BETs, considering investment costs together with 

transmission and O&M costs against revenues from electricity sales. 

 

For medium-scale WPPs to be installed in these cities, an equal number (30 turbines) and 

equal capacity (5 MW) of turbines were selected [37]. Therefore, turbine costs (nacelle, 

rotor, tower, etc.) [38] and other installation costs (foundation construction, electrical 

infrastructure and grid connection, transportation and installation expenses, road and site 

preparation, permit-license and consultancy costs, etc.) are assumed to be the same across 

all cities. The ratio of other installation costs to turbine costs was taken as approximately 

0.45 [38]. Thus, the initial investment cost, i.e., the installation cost, is considered equal for 

all cities. While calculating the annual O&M costs, their ratio to the installation cost was 

considered and determined as 0.015 [39]. 

 

Although the installed capacity is equal in all cities, the average capacity factors [40] differ; 

therefore, the amount of energy that a single turbine can generate per unit time also varies. 

This indicates that the amount of energy transmitted per unit time changes from city to city. 

 

In this study, two different cases were considered in the calculation of transmission costs. 

In the first case, the transmission cost was based solely on the amount of energy 

transmitted, independent of distance. In the second case, the transmission cost was 

calculated by taking into account not only the amount of energy transmitted but also the 

transmission distance. Furthermore, for Case 2, where the transmission distance is 

considered, an additional Case 3 with a different pricing policy is presented below. In 

addition to BET-based evaluations, NPV, IRR, and sensitivity analyses were also 

conducted to further assess the long-term economic feasibility and robustness of the 

proposed investment scenarios. Furthermore, model limitations and future research 

directions are discussed in order to provide a more comprehensive evaluation of the 

proposed framework. 
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3.1. BET Results Under Different Transmission Pricing Scenarios 

 

3.1.1. Case 1: Transmission cost based on the amount of transmitted energy 

First, in Türkiye, the transmission cost of a WPP was priced solely based on the amount of 

energy transmitted per unit time, according to the tariffs determined by the Energy Market 

Regulatory Authority (EPDK) for the year 2025. Each city is located within a tariff zone 

and depending on the city where the WPP is installed, both a fixed annual fee and system 

usage and operation fees per 1 MWh are charged. In this pricing scheme, the transmission 

distance is not considered [41]. Figure 1 shows the annual transmission costs of the total 

energy produced by the cities when pricing is carried out based solely on the transmitted 

energy. 

 

Figure 1. The annual transmission cost of the cities is calculated based on the amount of 

transmitted energy (for Case 1). 

3.1.2. Case 2: Transmission cost based on both the amount of transmitted energy and 

the transmission distance  

In the second evaluation, a pricing approach that considers transmission distance currently 

not applied in Türkiye but with examples worldwide was adopted [8]. The energy generated 

by the WPP is transmitted from the city of installation to Istanbul, where industrial activity 

and energy consumption are concentrated. Distances were approximated as straight-line 

distances. At this stage, the unit price was calculated based on the base fee determined by 

EPDK for usage and operation, multiplied by a coefficient obtained by dividing the distance 

between the installation city and Istanbul by 100. In this way, a unit price dependent on 

transmission distance was derived. Figure 2 presents the annual transmission costs of the 
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total energy produced by the cities when both the amount of transmitted energy and the 

transmission distance are considered. 

3.1.3. Case 3: Transmission cost based on the amount of transmitted energy and 

transmission distance, with a tiered pricing scheme 

While a fixed unit price based on distance was considered in Case 2, in this evaluation, it 

is assumed that the unit price increases for every 100 km. Although distance-based 

transmission pricing is not currently implemented in Türkiye, it varies in international 

electricity markets depending on cost structures and grid conditions, thereby influencing 

investment decisions and economic incentives [8].                                           

 

With this approach, decision-making authorities would be encouraged to promote energy 

generation closer to consumption centers, transmission to the grid, increased reliability, and 

the reduction of technical problems. For the first 100 km, the initial price was calculated 

based on the base fee determined by EPDK for usage and operation. From this point, a 

certain rate of price increase was applied for each additional 100 km. The impact of this 

price variation on transmission cost was analyzed. The price increase per 100 km was taken 

as 0.05. Figure 3 shows the annual transmission costs of the total energy produced by the 

cities when transmission cost is calculated based on the transmitted energy, transmission 

distance, and a tiered price adjustment for every 100 km. 

 

An examination of the three cases clearly shows that distance significantly affects 

transmission costs. As illustrated in Figure 3, even a small price increase of 0.05 per 100 

km considerably raises transmission costs. As this rate grows, the transmission costs rise 

even further. Compared to the transmission cost calculated solely based on transmitted 

energy, when distance is also considered in Case 2 and Case 3, the costs for cities closer to 

Istanbul, such as Çanakkale and Balıkesir, increase by approximately 137% and 145% for 

Çanakkale, and by 77% and 81% for Balıkesir, respectively. However, in more distant 

cities, such as Van, transmission costs rise dramatically, reaching 1157% and 1597%. 

  

Türkiye consists of seven different regions, and for this study, the cities with the highest 

capacity factors where WPPs can operate most efficiently were selected from each region. 

For all three cases, the installation cost, annual O&M cost, and transmission cost of the 

cities were calculated. In addition, the unit  sales price of the electricity generated by the 

WPPs was based on the tariff determined by the RE Resources Support Mechanism 

(YEKDEM) [42] for August 2025. In Figure 4, after the costs and sales prices were 

determined, BET was calculated for each city in each case to indicate how long it would 

take for the WPPs to become profitable. 
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Figure 2. Annual transmission cost of the cities is calculated based on both the amount of 

transmitted energy and the transmission distance (for Case 2). 

 

 

Figure 3. Annual transmission cost of the cities is calculated based on both the amount of 

transmitted energy and the transmission distance (for Case 3). 
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Figure 4. BET values calculated for each case of the cities 

 

When the results are examined in the context of Balıkesir and Çanakkale, the findings show 

that although Balıkesir is geographically closer to Istanbul than Çanakkale, the BET1, 

BET2 and BET3 values of Balıkesir are higher than Çanakkale because the capacity factor 

of Balıkesir is lower than Çanakkale. If transmission costs are calculated based on the 

amount of energy transmitted per unit of time, Balıkesir has a BET1 value approximately 

27% higher than Çanakkale; however, when transmission distance is also taken into 

account, the differences in BET2 and BET3 decrease to approximately 22% and 21%, 

respectively. This suggests that, under different transmission cost scenarios, a WPP 

installed in a city with a low capacity factor but close to the consumption area could create 

a cost advantage. Çanakkale has a high capacity factor and is the second closest city to 

Istanbul among the selected cities. However, when the transmission cost for a WPP 

installed in Çanakkale is calculated based solely on the energy transmitted per unit of time, 

its high energy generation capacity becomes a disadvantage, resulting in higher 

transmission costs compared to other cities. In Cases 2 and 3, where transmission distance 

is also taken into account, the volume of energy transmitted and its proximity to the demand 

region make it more advantageous than other provinces. 
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Among the selected cities, İzmir has the second-highest capacity factor, and although BET1 

is approximately 9 years, its distance to Istanbul is almost twice that of Balıkesir, resulting 

in BET2 and BET3 values that are about 2% and 3.6% higher, respectively, compared to 

Balıkesir. For Manisa, since its distance to Istanbul is greater than that of the selected cities 

in the Marmara region and its capacity factor is lower, all BET values exceed 14 years. 

 

Among the Central Anatolian cities, Kayseri has the lowest BET1 since its capacity factor 

is higher than those of Afyonkarahisar, Kırşehir, Konya, and Eskişehir. Afyonkarahisar 

appears to be in a more advantageous position in terms of both capacity factor and distance. 

On the other hand, Kırşehir and Konya have higher BET2 and BET3 values due to their 

greater distance from Istanbul. 

 

For the Mediterranean, Southeastern Anatolia, and Eastern Anatolia regions, since the 

distances of the selected cities to Istanbul exceed 700 km, Hatay, which has a high-capacity 

factor, achieves BET1 in about 11 years in Case 1, where transmission distance is not 

considered. However, when distance-based transmission costs are included, BET2 and 

BET3 nearly double or increase even further. While a BET3 value is calculated for a wind 

turbine installed in Van, the sum of annual O&M costs and transmission costs exceeds 

revenue, making the BET3 value uncalculated. This demonstrates that when distance-based 

pricing policies are implemented, closeness of the wind turbine to the consumption location 

becomes a critical objective. 

 

Although the Black Sea cities are geographically closer to Istanbul compared to those in 

the Mediterranean, Southeastern Anatolia, and Eastern Anatolia, their low-capacity factors 

especially in Samsun and Sinop result in high BET1 values. Compared to BET1, BET2 is 

about 64% higher for Samsun, 50% higher for Sinop, and 91% higher for Ordu. Among 

these three cities, Ordu has a better capacity factor; however, due to its greater distance 

from Istanbul compared to the others, BET3 shows a 135% increase relative to BET1. 

 

Considering all these findings and evaluations, it is evident that BET values increase when 

transmission distance is considered in the calculation of transmission costs. In this regard, 

if distance-based pricing of long transmission lines is introduced in the future, both the 

capacity factor of the region and the distance of the installation site to the demand center 

will emerge as significant constraints. Therefore, while some regions may appear 

advantageous under energy-only pricing schemes, their investment payback times become 

much longer when distance-based fixed or tiered pricing is applied. This study thus 

demonstrates that, to lessen this risk in the future, distance-based pricing must be taken into 

account when selecting regions for investment. 

3.2. NPV and IRR Analysis 

NPV analysis was employed to evaluate the total economic value of the discounted net 

revenues generated throughout the project lifetime. IRR analysis was additionally 
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incorporated into the study to determine the internal rate of return of the investment and to 

comparatively evaluate the obtained results with the assumed discount rate. In this context, 

the project lifetime was assumed to be 25 years [43], considering the commonly accepted 

technical operational lifetime of wind power plants reported in the literature. Furthermore, 

a discount rate of 10% was adopted based on the discount rate ranges suggested in the 

literature for low-carbon and renewable energy investments [44]. 

 

The NPV approach was utilized to evaluate the long-term economic feasibility of candidate 

investment locations by considering discounted cash flows. The NPV formulation used in 

this study is presented in Equation 12. Similarly, the IRR approach was employed to 

determine the internal rate of return of the investments, and the corresponding calculation 

is given in Equation 13. IRR values higher than the assumed discount rate indicate that the 

investment is economically feasible, whereas IRR values below the discount rate indicate 

lower economic attractiveness of the investment. 

 

𝑁𝑃𝑉𝑟 = −𝐼𝐶𝑟 + ∑
(𝑅𝑟−𝑂𝑀𝐶𝑟−𝑇𝑀𝐶𝑟)

(1 + 𝑖)𝑘

𝑡

𝑘=1

                                                                                     (12) 

 

0 = −𝐼𝐶𝑟 + ∑
(𝑅𝑟−𝑂𝑀𝐶𝑟−𝑇𝑀𝐶𝑟)

(1 + 𝐼𝑅𝑅)𝑘

𝑡

𝑘=1

                                                                                                   (13) 

 

where: 

𝑘 is the year index, 

𝑖 is the discount rate. 

 
NPV1, NPV2, and NPV3 represent the transmission cost scenarios of Case 1, Case 2, and 

Case 3, respectively. As shown in Figure 5, only Çanakkale exhibited positive NPV values 

under all transmission cost scenarios. In some cities such as Balıkesir and İzmir, near-zero 

or slightly negative NPV values were obtained particularly under the Case 1 scenario, 

where the transmission pricing mechanism was based solely on the amount of transmitted 

energy. However, when transmission distance was also incorporated into the cost structure 

in Case 2, and especially under the tiered pricing mechanism applied in Case 3, NPV values 

decreased significantly. Positive NPV values indicate that the discounted revenues 

generated throughout the project lifetime are sufficient to recover the total investment costs, 

whereas negative NPV values indicate lower economic feasibility of the corresponding 

investment. In addition, NPV values generally became more negative as the transmission 

cost scenarios became more restrictive. This result demonstrates that transmission costs 

have a significant impact on the economic sustainability of wind power plant investments.     
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Similarly, IRR1, IRR2, and IRR3 represent the internal rate of return values calculated for 

the corresponding scenarios. The IRR results presented in Figure 6 were generally found 

to be consistent with the NPV analysis. Çanakkale stood out as one of the most 

economically favorable investment locations, with IRR values above the assumed 10% 

discount rate under all scenarios. In some cities such as Balıkesir and İzmir, positive IRR 

values were obtained under all scenarios; however, these values generally remained below 

the assumed 10% discount rate, indicating limited economic attractiveness. Under the Case 

1 scenario, where transmission pricing was based only on the amount of transmitted energy, 

cities such as Kırşehir and Osmaniye exhibited positive or near-zero IRR values. However, 

when transmission distance was incorporated into the pricing structure in Case 2 and Case 

3, IRR values became negative. This finding indicates that distance-based transmission 

pricing mechanisms impose a significant economic burden, especially for regions located 

far from transmission infrastructure. Furthermore, IRR values in many cities remained 

below the assumed 10% discount rate. IRR values above the discount rate indicate 

economically feasible investments, whereas IRR values below the discount rate indicate 

lower economic attractiveness. Overall, the findings reveal that transmission-cost-based 

pricing mechanisms play a decisive role in the economic performance of wind power plant 

investments. 

 

 

Figure 5. NPV values calculated for each case of the cities 
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Figure 6. IRR values calculated for each case of the cities 

 

3.3. Sensitivity Analysis 

Sensitivity analysis was conducted in order to evaluate the robustness of the results under 

different operating conditions and alternative parameter assumptions. In this context, 

similar to the techno-economic sensitivity analysis approaches widely used in the literature 

[45, 46], the baseline parameter values were varied within specific ranges and their effects 

on BET results were examined. In the sensitivity analysis, capacity factor, electricity selling 

price, and transmission unit cost parameters were considered, and these parameters were 

analyzed by varying them within a ±20% range relative to their baseline scenario values. 

Base BET values remain identical across all sensitivity analyses since the same baseline 

scenario was used as the reference condition. 

 

3.3.1. Capacity factor sensitivity analysis 

The capacity factor sensitivity analysis results presented in Table 1 indicate that increasing 

capacity factor values generally reduce BET values for all cities and scenarios. In contrast, 

lower capacity factor values lead to noticeable increases in BET values. This effect 

becomes more pronounced particularly in BET2 and BET3 scenarios, where transmission 

distance and tiered pricing structures are incorporated into the transmission cost 

calculations. These findings demonstrate that variations in capacity factor significantly 

affect the economic feasibility of investments, especially in regions associated with higher 

transmission-related costs. Relatively lower BET values were obtained for cities such as 

Çanakkale, Balıkesir, and İzmir under all capacity factor levels, whereas considerably 

higher BET values were observed in cities such as Van, Osmaniye, and Şanlıurfa, 

particularly under the BET3 scenario. Overall, the results indicate that capacity factor is 

one of the most critical parameters directly influencing the economic performance of wind 

power plant investments (Table 1). 
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Table 1. Sensitivity analysis results of BET values under different capacity factor 

variations. 

City  
Capacity Factor  

(-20%) 

Capacity Factor  

(Base) 

Capacity Factor 

(+20%) 

 BET1 BET2 BET3 BET1 BET2 BET3 BET1 BET2 BET3 

Çanakkale 10,13 11,16 11,23 7,86 8,64 8,69 6,42 7,05 7,09 

Balıkesir 12,94 13,68 13,72 9,96 10,51 10,54 8,10 8,54 8,56 

İzmir 11,78 14,00 14,23 9,11 10,75 10,92 7,42 8,72 8,85 

Manisa 19,20 22,57 22,87 14,53 16,91 17,12 11,68 13,52 13,68 

Afyonkarahisar 20,76 24,19 24,49 15,64 18,04 18,25 12,54 14,38 14,54 

Kırşehir 27,01 39,79 42,37 19,99 28,43 30,07 15,86 22,12 23,30 

Konya 23,78 33,41 35,15 17,76 24,29 25,43 14,17 19,08 19,93 

Kayseri 18,48 30,00 33,42 14,01 22,02 24,30 11,28 17,39 19,09 

Eskişehir 28,96 31,32 31,45 21,32 22,90 22,99 16,86 18,05 18,12 

Hatay 14,86 30,82 40,84 11,38 22,57 29,10 9,22 17,80 22,60 

Osmaniye 28,75 65,48 89,75 21,17 43,77 56,55 16,76 32,87 41,28 

Gaziantep 16,48 36,60 51,57 12,56 26,38 35,72 10,15 20,62 27,32 

Adıyaman 19,99 49,38 77,52 15,09 34,40 50,30 12,11 26,39 37,23 

Şanlıurfa 18,96 53,00 103,16 14,35 36,58 63,00 11,54 27,92 45,34 

Malatya 18,86 43,69 63,75 14,28 30,89 42,80 11,49 23,90 32,21 

Van 19,11 161,68 N/A 14,46 87,04 N/A 11,63 59,55 N/A 

Samsun 25,58 44,24 50,35 19,00 31,24 34,99 15,12 24,14 26,81 

Sinop 29,88 47,02 51,15 21,93 32,96 35,47 17,33 25,37 27,15 

Ordu 21,86 44,34 56,30 16,41 31,31 38,53 13,14 24,19 29,28 
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3.3.2. Electricity price sensitivity analysis 

The electricity selling price sensitivity analysis results presented in Table 2 indicate that 

increasing electricity selling prices generally reduce BET values for all cities and scenarios, 

whereas lower electricity selling prices significantly increase BET values. This effect 

becomes particularly pronounced in BET2 and BET3 scenarios, where transmission 

distance and tiered pricing mechanisms are included in the transmission cost structure. 

Cities such as Çanakkale, Balıkesir, and İzmir maintained comparatively lower BET values 

under all electricity price levels, indicating relatively stronger economic resilience. In 

contrast, eastern and inland cities such as Osmaniye, Adıyaman, Şanlıurfa, Malatya, and 

Van exhibited substantial increases in BET values under lower electricity price 

assumptions, especially in the BET3 scenario. In some cases, extremely high or unstable 

BET values were observed, indicating that the economic feasibility of these investments 

becomes highly sensitive to electricity selling price fluctuations. Overall, the results 

demonstrate that electricity selling price is one of the most influential parameters affecting 

the economic performance and investment feasibility of wind power plant projects (Table 

2). 

 

Table 2. Sensitivity analysis results of BET values under different electricity selling price 

variations. 

City  

Electricity Selling Price 

($/MWh)  

(-20%) 

Electricity Selling Price 

($/MWh)  

(Base) 

Electricity Selling Price  

($/MWh)  

(+20%) 

 BET1 BET2 BET3 BET1 BET2 BET3 BET1 BET2 BET3 

Çanakkale 10,30 11,68 11,78 7,86 8,64 8,69 6,36 6,86 6,89 

Balıkesir 13,17 14,15 14,20 9,96 10,51 10,54 8,01 8,36 8,38 

İzmir 11,99 15,01 15,34 9,11 10,75 10,92 7,34 8,37 8,47 

Manisa 19,58 24,16 24,60 14,53 16,91 17,12 11,55 13,00 13,13 

Afyonkarahisar 21,17 25,84 26,26 15,64 18,04 18,25 12,39 13,86 13,98 

Kırşehir 27,58 46,74 51,33 19,99 28,43 30,07 15,67 20,43 21,26 

Konya 24,27 38,37 41,30 17,76 24,29 25,43 14,00 17,77 18,37 

Kayseri 18,84 36,87 43,75 14,01 22,02 24,30 11,15 15,69 16,82 

Eskişehir 29,59 32,74 32,91 21,32 22,90 22,99 16,66 17,61 17,66 

Hatay 15,13 44,41 79,57 11,38 22,57 29,10 9,12 15,13 17,81 
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Osmaniye 29,37 103,49 222,20 21,17 43,77 56,55 16,55 27,75 32,39 

Gaziantep 16,79 55,94 125,65 12,56 26,38 35,72 10,04 17,26 20,82 

Adıyaman 20,38 84,38 375,75 15,09 34,40 50,30 11,98 21,60 26,95 

Şanlıurfa 19,32 106,40 N/A 14,35 36,58 63,00 11,41 22,08 29,57 

Malatya 19,23 69,65 186,83 14,28 30,89 42,80 11,36 19,85 24,17 

Van 19,48 N/A N/A 14,46 87,04 N/A 11,50 34,11 135,40 

Samsun 26,11 56,53 70,14 19,00 31,24 34,99 14,94 21,58 23,31 

Sinop 30,53 57,13 65,12 21,93 32,96 35,47 17,11 23,16 24,37 

Ordu 22,30 63,04 101,26 16,41 31,31 38,53 12,99 20,82 23,79 

 
3.3.3. Transmission cost sensitivity analysis 

The transmission unit cost sensitivity analysis results presented in Table 3 indicate that 

increasing transmission unit costs generally increase BET values for all cities and 

scenarios. In contrast, lower transmission unit costs lead to reduced BET values. This effect 

becomes more pronounced particularly in BET2 and BET3 scenarios, where transmission 

distance and tiered pricing mechanisms are incorporated into the transmission cost 

structure. Relatively lower BET values were obtained for cities such as Çanakkale, 

Balıkesir, and İzmir under all transmission cost levels, whereas cities such as Osmaniye, 

Gaziantep, Adıyaman, Şanlıurfa, Malatya, and Van exhibited substantial increases in BET 

values under higher transmission cost assumptions. Particularly in the BET3 scenario, 

extremely high and economically unstable BET results were observed for some cities. 

These findings indicate that transmission-cost-based pricing mechanisms have a critical 

impact on the economic feasibility of investments, especially in regions located far from 

transmission infrastructure. Overall, the results demonstrate that transmission unit cost is 

one of the major economic parameters directly affecting the payback period of wind power 

plant investments (Table 3). 

 
Table 3. Sensitivity analysis results of BET values under different transmission unit cost 

variations. 

City  

Transmission Unit Cost 

($/MWh)  

(-20%) 

Transmission Unit Cost 

($/MWh) 

(Base) 

Transmission Unit Cost  

($/MWh) 

(+20%) 

 BET1 BET2 BET3 BET1 BET2 BET3 BET1 BET2 BET3 
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Çanakkale 7,76 8,35 8,39 7,86 8,64 8,69 7,97 8,95 9,02 

Balıkesir 9,83 10,25 10,27 9,96 10,51 10,54 10,10 10,79 10,82 

İzmir 8,98 10,22 10,34 9,11 10,75 10,92 9,23 11,33 11,56 

Manisa 14,32 16,11 16,27 14,53 16,91 17,12 14,74 17,79 18,07 

Afyonkarahisar 15,41 17,22 17,37 15,64 18,04 18,25 15,87 18,94 19,22 

Kırşehir 19,69 25,70 26,75 19,99 28,43 30,07 20,30 31,81 34,32 

Konya 17,50 22,20 22,96 17,76 24,29 25,43 18,03 26,81 28,51 

Kayseri 13,81 19,37 20,74 14,01 22,02 24,30 14,21 25,50 29,33 

Eskişehir 20,99 22,20 22,27 21,32 22,90 22,99 21,65 23,65 23,76 

Hatay 11,22 18,44 21,61 11,38 22,57 29,10 11,54 29,08 44,55 

Osmaniye 20,85 35,14 41,11 21,17 43,77 56,55 21,51 58,01 90,55 

Gaziantep 12,39 21,11 25,36 12,56 26,38 35,72 12,74 35,13 60,37 

Adıyaman 14,87 26,69 33,20 15,09 34,40 50,30 15,31 48,38 103,70 

Şanlıurfa 14,15 27,17 36,19 14,35 36,58 63,00 14,56 55,95 243,15 

Malatya 14,08 24,45 29,68 14,28 30,89 42,80 14,49 41,95 76,74 

Van 14,26 41,64 154,61 14,46 87,04 N/A 14,67 N/A N/A 

Samsun 18,72 27,08 29,25 19,00 31,24 34,99 19,30 36,91 43,52 

Sinop 21,59 29,32 30,88 21,93 32,96 35,47 22,28 37,63 41,67 

Ordu 16,18 25,88 29,55 16,41 31,31 38,53 16,66 39,60 55,34 

 

• N/A indicates economically non-interpretable BET results under the corresponding 

scenario. 

 

3.4. Model limitations and future research directions 

The obtained results demonstrate that not only wind energy potential, but also transmission 

cost structure and grid accessibility, play a decisive role in the feasibility of wind power 

plant investments. The proposed transmission-cost-based pricing approach indicates that 
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investment feasibility can increase in regions located close to transmission infrastructure, 

while economic performance may significantly decrease in distant regions. These findings 

highlight the importance of regional transmission incentives, infrastructure investments, 

and alternative pricing mechanisms for policymakers. From an investor perspective, 

considering transmission costs during the investment site selection process is critical for 

long-term economic sustainability. 

 

Nevertheless, the study has several limitations. Capacity factor values were assumed to be 

constant, and annual wind variability was not considered in the analysis. In addition, 

transmission distances were calculated using a linear distance approach instead of actual 

grid topologies. Furthermore, only a single demand center, Istanbul, was considered in the 

analyses. Although these assumptions simplified the computational process of the model, 

they may have influenced the obtained results to a certain extent. 

 

Future studies may incorporate multiple demand centers, actual transmission network 

routes, dynamic electricity pricing structures, and time-dependent wind variability into the 

proposed framework. In addition, considering different economic uncertainties may 

contribute to more comprehensive techno-economic evaluations. 

 

4. CONCLUSION 

Transforming a naturally existing form of energy into a usable state and transmitting it to 

specific locations where it is needed for intended purposes requires significant engineering 

effort and economic decision analysis. Since the generation of wind energy depends on 

geographical conditions, supplying it to industrial regions with high demand requires an 

efficient transmission infrastructure to deliver the produced electricity through existing 

transmission lines. The use of existing transmission infrastructure and/or the establishment 

of a new one involves considerable costs that cannot be overlooked and also introduces 

numerous critical technical constraints in the decision-making process. Furthermore, the 

utilization of the existing infrastructure is subject to the rules and pricing imposed by 

certain national and international authorities. 

 

This study provides a perspective under Türkiye’s conditions to demonstrate how BET of 

an investment is affected when electricity generated from potential wind resources in 

different geographical regions is transmitted to high-demand regions under comparable 

investment conditions. Similar to practices in some countries where transmission and 

distance-based costing are considered, this study presents distance-dependent costing 

examples for Türkiye, rather than a fixed-cost approach, based on data obtained from real 

cases. 

 

In addition to BET evaluations, NPV and IRR analyses confirmed the long-term economic 

feasibility of several candidate regions, particularly for western cities with lower 

transmission-related costs. Furthermore, sensitivity analyses demonstrated that capacity 
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factor, electricity selling price, and transmission unit cost significantly influence BET 

results and investment feasibility. 

 

In conclusion, as anticipated, since the fundamental approach of producing energy exactly 

at the point of demand cannot be realized under real conditions, decision-makers must 

consider this critical constraint. The findings of this study highlight that transmission 

limitations and costs constitute a significant technical and economic decision parameter by 

directly influencing both investment and energy costs. 

 

Processes related to energy production and consumption, as well as the factors influencing 

these processes, are at the center of current research. RESs, with their openness to 

development, carry the potential for many managerial or design innovations developed by 

different disciplines on a global or local scale, from generation to transmission, from 

demand forecasting to secure supply. Through developed models and comparative 

evaluations based on various criteria, the most suitable solutions can be identified for 

different energy types. 
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