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A B S T R A C T   

The importance of renewable energy (RE) shift increases as the instabilities around the world enhanced by the 
pandemic raise issues about energy security while the energy demand of countries continue to increase. This is 
especially the case for Türkiye, which is a member of OECD and among developing countries. In the next decade, 
onshore wind, and solar photovoltaics (PV) will be the focus of Türkiye’s RE sector due to the rapid decrease in 
their costs. Hence, reasonable estimation of investments to the RE sector and cost projections of onshore wind 
and solar PV is crucial to plan, decide and set effective energy policies. In this study, three different investment 
scenarios are generated for RE of Türkiye. In addition, global and local cost projections are conducted for onshore 
wind and solar PV, again in three different scenarios. These scenarios are then utilized to estimate the annual 
installed capacity changes of Türkiye. Then, annual installed capacity amounts of Türkiye for onshore wind and 
solar PV are projected until 2030 in five novel scenarios: Economic, Average, Ambitious, Best-Case, and Worst- 
Case. According to the results, achievable and the most suitable 2030 targets for onshore wind and solar PV are 
determined as 25,000 MW and 60,000 MW for Türkiye, respectively. These results will assist the policymakers by 
elucidating the onshore wind and solar PV future of Türkiye, and the methodology may be useful for determi
nation of RE targets for other countries.   

1. Introduction 

Energy generation has always been a crucial priority for nations 
worldwide for both economic and security concerns [1,2]. This is 
especially the case in 2022, where instabilities around the world 
enhanced by the COVID-19 pandemic threaten the supply of energy [3] 
while the energy demand continues to increase [4]. In addition, the 
world faces a climate emergency which necessities the utilization of the 
renewable and clean sources rather than the fossil fuels in energy gen
eration [5,6]. The International Energy Agency (IEA) repeatedly reports 
that the temperature rise cannot be kept bellow 2 ◦C if additional fossil 
fuel projects are realized [7,8]. It was emphasized that the “net-zero” 
hinges on an unprecedented clean technology push to 2030 [7]. In 
addition, in terms of both sustainable development goals (SDG) 7 
(affordable and clean energy) and 13 (climate action), the transition 
from fossil based energy to the renewable energy is crucial. Indeed, 
renewable energy transition has been counted as one of the most 
promising approaches for meeting the world’s increasing energy 

demand [9]. Hence, reasonable assessment and determination of annual 
and overall renewable energy targets up to 2030 has gained immense 
importance. 

To begin the discussion on the costs of renewable energy technolo
gies, two main indicators should be introduced: the total installed cost 
(TIC) and the levelized cost of electricity (LCOE). The TIC is used to 
indicate the cost of energy capacity (usually in USD/kW), while the 
LCOE is used to indicate the cost of electricity production (usually in 
USD/kWh) [10–12]. These two indicators are related in solar and wind 
energy technologies since the operating costs (opex) is much lower than 
initial investments (capex) [13]. LCOE is a useful tool to evaluate the 
performance of individual projects over time, while TIC is generally used 
for macro-economic analysis since it directly relates the energy capacity 
and the capex. 

Among renewable energy technologies, onshore wind and solar PV 
have recently reached grid parity and have become economically 
competitive with the other energy sources [14]. Global projections of 
Sens et al. shows that the capex of onshore wind and solar PV 
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technologies will decrease around 13% and 50%, respectively between 
2020 and 2030 [15]. Ling-zhi et al. expects around overall 60% decrease 
in solar PV costs in different regions of China for the same period [16]. 
IRENA expects around 30% decrease in the costs of onshore wind 
technologies between 2018 and 2030 in their global analysis [17]. An 
expert elicitation survey reported by Wiser et al. predicts 37%–49% 
decrease in wind energy costs by 2050 [18]. It should also be noted that 
COVID-19 had a minor impact on solar and wind energy sector and rapid 
recovery is expected in the following years [19,20], and the investment 
and cost trends are unlikely to be affected for annual analysis. 

Numerous LCOE and TIC projections up to 2030 and 2050 are con
ducted for onshore wind and solar PV energy technologies. These pro
jections are updated continuously in the light of new economic data and 
technological developments. Many studies use multivariate analysis to 
estimate the LCOE or TIC as a function of many variables for the most 
accurate predictions [15,21]. However, the complexity of the obtained 

models also increase, and the applications of such projections become 
challenging in a macro-economic perspective where retrieving some 
necessary information may be difficult or even impossible. Hence, in this 
study, we constructed elementary models by modified regression 
approach for solar and wind energy, which are adequate for the scope of 
this study, and in-line with the literature. 

Türkiye is among developing countries and an OECD member, 
located between Europe, Asia, and Africa [22]. The electricity demand 
of Türkiye increases at a faster rate than the world average (%5 per year, 
compared to %3 per year between 2000 and 2019) [23]. However, 
Türkiye can only provide 56.4% of its energy demand in 2020 [24], 
which makes the country highly depended on the energy imports and 
raises economical and security issues. Thus, for sustainable develop
ment, Türkiye needs to plan its energy future by determining effective 
targets. As of 2020, the total installed capacity of Türkiye has reached 
95,890 MW. The share of renewables is 53.4% in terms of installed ca
pacity [24]. While the hydropower energy makes up the larger part of 
the installed capacity of renewable energies (around 60%), the 
economical projects have already been installed and the hydropower 
installed capacity is not likely to increase in the following years [25,26]. 
However, the onshore wind and solar photovoltaic (PV) technologies 
have just reached the grid parity, meaning that the wind and solar en
ergy projects are now economically competitive with the other energy 
sources including hydropower and fossil fuels [14]. Thus, the installed 
capacity increases will mostly result from the developments of solar and 
wind energy in the following decades. In a recent study, Erat et al. re
ports that Türkiye’s installed wind and solar capacities will reach 25, 
000 MW and 38,000 MW in 2030, respectively [27]. However, Shura 
reports that under current policy scenario, the onshore wind and solar 
PV capacities will only reach 16,679 MW and 19,796 MW in 2030, 
respectively [28]. Other scenarios predict that these capacities may be 
increased up to 32,224 MW for onshore wind and 41,339 MW for solar 
PV by 2030 [28], which is in-line with the results of the former studies. It 
should be noted that, as far as we know, Türkiye has not yet announced 
official targets for 2030, and this study aims to assist the policymakers in 
determination of these targets. 

In this study, the wind and solar energy futures of Türkiye are 
analyzed in detail from a macro-economic perspective. Firstly, three 
different investment scenarios for Türkiye are determined. Then, TIC 
projections are conducted for solar and wind energy, again in terms of 
three different cost scenarios. Dividing the projected investment 
amounts by the projected TICs and then taking the annual difference, the 
yearly installed capacity changes are obtained. These installed capacity 
changes show what would happen if all the investments are channeled to 
the wind or solar energy sectors, respectively. Finally, the projections of 
economic, average, ambitious, best-case, and worst-case scenarios for 
Türkiye are conducted, illustrated, and discussed in detail. The novelty 
of this study can be summarized as follows:  

• A straightforward methodology for determination of wind and solar 
energy targets is explained for the first time in the literature, which 
may than be utilized for different countries and different energy 
sources  

• Global and local cost projections are carried out for wind and solar 
energy with the most up-to-date data in the literature 

Table 1 
Data collected for evaluations and projections [29].  

Data Type 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Türkiye’s Wind Capacity (MW) 1729 2261 2760 3630 4503 5751 6516 7005 7591 8832 
Türkiye’s Solar Capacity (MW) 7 12 19 41 250 834 3422 5064 5996 6668 
Türkiye’s Wind TIC (2020 USD/kW) 2264 1792 1976 1909 1966 1982 1789 1897 1703 1347 
Türkiye’s Solar TIC (2020 USD/kW) N/A N/A N/A N/A N/A 1585 1271 1220 932 827 
Global Wind TIC (2020 USD/kW) 1939 1995 1851 1797 1659 1652 1647 1566 1491 1355 
Global Solar TIC (2020 USD/kW) 4007 3021 2647 2393 1823 1657 1432 1223 1009 883  

Table 2 
Calculated investments in comparison with the total public finance flows 
retrieved from IRENA. * [29].  

Year Calculated 
Onshore Wind 
Investments 
(Million $) 

Calculated 
Solar 
Investments 
(Million $) 

Calculated 
Total 
Investments 
(Million $) 

IRENA 
Türkiye’s Total 
Public Finance 
Flow* (Million 
$) 

2011 1204.7 0.0 1204.7 801.71 
2012 894.4 0.0 894.4 280.19 
2013 1719.5 0.0 1719.5 595.99 
2014 1666.3 0.0 1666.3 533.85 
2015 2453.5 0.0 2453.5 430.44 
2016 1516.4 4102.5 5618.9 1460.23 
2017 874.8 2087.7 2962.6 403.6 
2018 1111.8 1137.2 2249.0 1098.02 
2019 2113.2 626.4 2739.6 360.12  

Fig. 1. The high, average, and low investment scenarios for Türkiye.  
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• Finally, annual, and overall wind and solar energy targets for Türkiye 
has been assessed and determined until 2030 based on novel 
scenarios. 

Consequently, the results of this study provide critical insights on 
using TIC and installed capacity for assessment of future energy targets 
and shade light on the future of Türkiye’s onshore wind and solar PV 
energy sector until 2030 while providing several options for the 
policymakers. 

This paper is structured as follows. In section 2, the methodology of 
the data obtainment, cost projections, and the installed capacity pro
jections for Türkiye is explained in detail. In section 3, the results of the 
projections are presented, discussed, and compared with the literature. 
The paper ends with conclusions in section 4. 

2. Methodology 

2.1. Data 

The data utilized in this study was obtained from the latest renew
able statistics report of IRENA [29]. Table 1 shows all the collected data 
to be used for illustrations, evaluations, or projections conducted in this 
study. Here, the onshore wind and solar PV installed capacities and TICs 
are used for the generation of investment scenarios, the TIC data is used 
for the obtainment of global and local TIC projections. Then, the 
installed capacity projections are conducted by evaluating the annual 
capacity changes which are evaluated by the former analysis. 

2.2. Scenario generation 

There are numerous unpredictable factors in estimating the available 
funds to be used for solar PV and onshore wind, and the costs of the 
renewable energy technologies [30]. To overcome this challenge, two 
main approaches are observed in the literature. One is the multivariate 
modeling of the desired output (cost or investment amount) in a detailed 
fashion with several assumptions [13,15,21]. While this approach may 
be preferable in estimation of costs of individual projects, the multi
variate nature of the models can make them inconvenient for their uti
lization in macro-economic analysis. In addition, Xiao et al. reports that 
several projections conducted in this manner has underestimated the 
decrease in the costs of renewable energy sector [31]. The other one is 
constructing several models for different scenarios to contain the un
certainties in the bounds of the projections [28]. This approach provides 
the researchers and policymakers with the ability of assessing the study 
continuously and choosing the most appropriate scenarios according to 
their own knowledge about the industry. The latter approach was 
adopted for this study, and investment and cost scenarios are generated 
as explained in the following sections. 

2.2.1. Investment scenario generation 
By multiplying the annual difference of installed capacity and TIC 

values for Türkiye (see Table 1), annual investment amounts are 
determined for both onshore wind and solar PV energy according to Eq. 
(1). Then these values are summed up to evaluate the annual in
vestments between 2011 and 2020 to the onshore wind and solar PV 
sector, combined. This data is used for forecasting the investment 
amounts in three different scenarios. To obtain the average scenario 

Fig. 2. Global (a) and Türkiye’s (b) TIC projections of onshore wind for different scenarios until 2030. * [29].  

Fig. 3. Global and Türkiye’s TIC projections of solar PV for different scenarios 
until 2030. * [29]. 
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model, linear regression is applied on the finance flow data to obtain the 
trend of the capex with respect to the years. Here, the dependent vari
able is the annual total investment and the independent variable is the 
years. Then, for low and high investment scenarios, which are deter
mined to be the ±50% of the average cost scenario, the obtained 
equation is multiplied by 0.5 and 1.5, respectively. 

Inv(t)= TIC(t) • (Cap(t+ 1) − Cap(t)) (1)  

where Inv(t) is the investment amount at the year t, Cap(t) is the installed 
capacity at the year t, and TIC(t) is the TIC at the year t. 

2.2.2. Cost projection scenario generation 
The yearly TIC data between 2011 and 2020 given in Table 1 is used 

for conducting the cost projections. 
For onshore wind, a linearly decreasing trend was observed both for 

Türkiye and the world. However, when linear regression is applied on 
the global data, it is observed that the costs are illogically low even 
though the correlation factor was acceptable (R2 = 0.948). This situation 
was expected since as the costs get lower, the rate at which the decrease 

continues should get lower as well. Hence, by analyzing other cost 
projection studies [15–17], it is decided that a 30% decrease in the rate 
of decrease of TIC is in order and is applied accordingly. The resulting 
equation was extrapolated until 2030 for the global average cost sce
nario. The high cost and low cost scenarios are determined to be ±20% 
of the average cost scenario which is in-line with the literature. Linear 
regression did not perform well on the data of Türkiye, with low cor
relation factor (R2 = 0.556). However, the TICs of Türkiye was observed 
to be 10.5% percent higher compared to the world, on average. Hence 
the obtained projections for the world is multiplied by 1.1015 to obtain 
projections for Türkiye. 

For solar PV, an exponential behavior was observed for both Tür
kiye’s and global data. Hence, an exponential decay function was 
regressed in the form of Eq. (2) to the global data with the correlation 
factor R2 = 0.990. In the regression, the dependent variable is the TIC 
and the independent variable the years. The obtained relation confirms 
literature on cost estimations [15,16]. Since there is only five TIC 
datapoints for Türkiye, and these points coincide with the global data, 
the same relation is utilized for projection of solar PV TICs of Türkiye, as 
well. The resulted model is taken as the average cost scenario. The 

Fig. 4. Evaluated annual installed capacity changes of onshore wind (a) and solar PV (b) for all scenarios.  

Table 3 
Annual capacity changes in 2020 and 2030 for onshore wind and solar PV for all constructed scenarios and different investment distributions.  

Scenarios Annual Capacity Changes (In 2020 – In 2030) (MW) 

Onshore Wind Solar PV 

100% Inv. 50% Inv. 30% Inv. 100% Inv. 50% Inv. 70% Inv. 

Economic 1220–3120 610–1560 370–940 2040–6860 1020–3430 1430–4800 
Average 2450–6250 1230–3130 740–1880 4080–13,720 2040–6860 2860–9600 
Ambitious 3660–9370 1830–4690 1100–2810 6130–20,580 3065–10,290 4290–14,410 
Best Case 4580–11,720 2290–5860 1370–3520 8750–29,410 4375–14,710 6130–20,590 
Worst Case 1020–2600 510–1300 310–780 1580–5280 790–2640 1110–3700  
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average cost scenario is then multiplied by 1.3 and 0.7 for the con
struction of high and low cost scenarios, respectively. 

y= y0 + A e
− (x− x0)

a (2)  

where y is the independent variable, x is the dependent variable, y0, x0, 
A, and a are constants that can be determined arbitrarily or by regres
sion. 

2.3. Capacity estimations 

To estimate the annual installed capacity of Türkiye for each sce
nario, Eq. (1) can be rewritten as Eq. (3). Note that in calculation of the 
annual capacity changes, the total investment is utilized for onshore 
wind and solar PV, separately. Hence, the annual installed capacity 
changes only show what will happen if 100% of the money is invested on 
that energy sector and 0% on the other. Thus, it is important to deter
mine to which percentage the investments will take place. As can be seen 
from the cost projections of this study, solar PV technologies are ex
pected to continue being relatively inexpensive compared to the onshore 
wind. This cost advantage will likely result in a more solar PV focused 
economy. Consequently, in this study, the investment distribution pos
sibilities of 50%/50% and 30%/70% onshore wind to solar PV ratio are 
investigated. 

ΔCap(t)=Cap(t) − Cap(t − 1)=
Inv(t − 1)
TIC(t − 1)

(3) 

With the obtained capacity changes, uncountably many scenarios 
may be generated by choosing different combinations of investment and 
cost scenarios for each year with different investment percentages for 
onshore wind and solar PV technologies. In this work, 5 of these sce
narios is simulated and analyzed in detail for 2 different investment 
distributions, which are deemed the most helpful to the researchers and 
policymakers. These scenarios are described as follows:  

• Economic Scenario: Türkiye will be investing according to the low 
investment scenario while the costs behave according to the average 
cost scenario for all years. This projection is suitable for determina
tion of minimum targets.  

• Average Scenario: Türkiye will be investing according to the 
average investment scenario while the costs behave according to the 
average cost scenario for all years. This is the most likely case for the 
following years.  

• Ambitious Scenario: Türkiye will be investing according to the high 
investment scenario while the costs behave according to the average 
cost scenario for all years. This scenario shows how the possible 
improvements in the capacity with the added efforts from Türkiye.  

• Best-Case Scenario: Türkiye will be investing according to the high 
investment scenario while the costs behave according to the low cost 
scenario for all years. This scenario yields the annual upper limits for 
installed capacities, which are unlikely to be reached.  

• Worst-Case Scenario: Türkiye will be investing according to the low 
investment scenario while the costs behave according to the high 
cost scenario for all years. This scenario yields the annual lower 
limits for installed capacities, which are likely to be exceeded. 

3. Results and discussion 

3.1. Investment scenarios for Türkiye 

The investment amounts for onshore wind and solar PV between the 
years 2011–2019 are evaluated as explained in section 2.1. The results 
are given in Table 2, in comparison with the IRENA’s total renewable 
energy public finance flows. As can be seen from the table, our results 
agree with the IRENA’s analysis. It is observed that in 2016, by the in
clusion of over 2500 MW of solar PV (see Table 1) with the calculated 
investment of 4.1 billion $, solar energy has gained immense importance 
for energy sector of Türkiye. The table clearly shows that the in
vestments in the solar PV sector has negatively affected the increasing 
investments in the onshore wind sector. While the investment trends in 
the onshore wind and solar PV sector show fluctuations, the trend of 
total investments seems unchanged except for 2016. Thus, the total in
vestments are projected in this study for the investment scenarios. 

The cost projections for the average, high, and low investment sce
narios are given by Eqs. (4)–(6), respectively. These projections are 

Fig. 5. Economic (a), average (b), and ambitious (c) projections for installed 
capacities of Türkiye’s onshore wind and solar PV sectors. 
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illustrated in Fig. 1 with respect to the calculated total investments. The 
unchanged trend of the total investments and the exceptional year of 
2016 can be seen more clearly in the figure. While the removal of 2016 
data point for the regression is possible in a mathematical perspective, 
the above average investment at this year shows that Türkiye has the 
capacity to invest more in the renewable energy sector. Hence, the effect 
of this data is kept on the applied regression. 

Invavg(t) = 105(0.0028 t − 5.5651) (4)  

Invhigh(t)= 1.5 Invavg(t) (5)  

Invlow(t) = 0.5 Invavg(t) (6)  

where Invhigh(t), Invavg(t), and Invlow(t) yields the investment amount for 
high, average, and low cost scenarios at the year t, respectively. 

3.2. Total installed cost projections 

3.2.1. Onshore wind 
The global projection of TIC for average, high, and low cost scenarios 

for onshore wind are given by Eqs. (7)–(9), respectively. For Türkiye, the 
projections for low, average, and high cost scenarios are given by Eq. 
(10)–(12), again respectively. These projections are illustrated in Fig. 2. 
According to the projections, in 2030, the TIC for the world and Türkiye 
is expected to be below 1200 $/kW and 1300 $/kW, respectively. These 
estimations are well in line with the literature [15–17]. The TIC of the 
onshore wind may be as low as 750 $/kW in 2030, which would further 
increase its economic competitiveness. 

Cos twind,avg,world(t)= f • P1 • t+ P0 + (1 − f) • P1 • t0 (7)  

Cos twind,high,world(t)= 1.2 Cos tavg(t) (8)  

Cos twind,low,world(t)= 0.8 Cos tavg(t) (9)  

Cos twind,low,Turkiye(t) = 1.1015 Cos tlow,world(t) (10)  

Cos twind,avg,Turkiye(t) = 1.1015 Cos tavg,world(t) (11)  

Cos twind,high,Turkiye(t)= 1.1015 Cos thigh,world(t) (12)  

where t is time in years, f = 0.7 is the correction factor for 30% reduc
tion in the TIC decrease rate, t0 = 2020 is the initial year of the pro
jection, and P1 = − 64.64789 and P0 = 131992.95170 are the 
coefficients obtained by the linear regression. 

3.2.2. Solar PV 
The projection of TIC of solar PV globally and for Türkiye for the 

average, high, and low cost scenarios is given by Eqs. (13)–(15). The 
projections are illustrated in Fig. 3. As shown in the figure, the cost of 
solar PV has decreased drastically in the last decade. It is observed that 
as the costs get lower, the annual decrease of the costs has become 
smaller and smaller. According to the results, the costs are likely to 
stabilize around 500 $/kW in the next decade, possibly reaching as low 
values as 350 $/kW. Dissimilar to the onshore wind sector, the costs of 
solar PV in Türkiye followed identical trend with the world. 

Cos tsolar,avg(t) = 417.5 + 3474 e
− (t− 2011)

4.678 (13)  

Cos tsolar,high(t)= 1.3 Cos tsolar,avg(t) (14)  

Cos tsolar,low(t) = 0.7 Cos tsolar,avg(t) (15)  

3.3. Determination and assessment of 2030 targets for Türkiye 

3.3.1. Evaluation of annual capacity changes 
The annual installed capacity changes for each scenario are evalu

ated as explained in section 2.4. The results are illustrated in Fig. 4, 
where the blue stack, blue and yellow stacks combined, and all stacks 
combined represent the capacity changes with respect to low, average, 
and high cost scenarios, respectively. Here, it is observed that annual 
capacity changes increase over time, which is due to the combination of 
annually increasing investments and decreasing costs. The limits of 
installed capacity changes for each scenario is given in Table 3. In the 
table, it is seen that for the average scenario, the installed capacity 
changes will range between 740 and 3130 MW for onshore wind and 
2040–9600 MW for solar PV. If the best case scenario is realized, annual 
installed capacity increase of 5860 MW and 20,590 MW seems possible 

Fig. 6. Best case (a) and worst case (b) scenarios for installed capacities of Türkiye’s onshore wind and solar PV sectors.  

Table 4 
Comparison of scenarios’ installed capacities in 2030. * [29] **BAU: Business as 
Usual, ARES: Accelerated Renewable Energy Systems, CDP: Coal Phaseout [28] 
*** [27].  

Scenarios Installed Capacity (MW) 

Onshore Wind Solar PV 

2020* 8832 6668 
Economic 2030 14,400–18,930 30,180–39,850 
Average 2030 21,200–30,270 54,350–73,700 
Ambitious 2030 28,010–41,620 78,530–107,550 
Best Case 2030 33,110–50,120 109,620–151,070 
Worst Case 2030 13,260–17,040 24,600–32,030 
BAU 2030** 16,979–29,224 19,796–34,334 
ARES 2030** 29,224 34,334 
CPD 2030** 29,224–32,224 34,334–41,334 
Erat 2030*** 25,000 38,000  
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in 2030 for onshore wind and solar PV, respectively. The effects of these 
possibilities are discussed in detail in section 3.3.2, where the installed 
capacity projections are computed. 

3.3.2. Determination and assessment of 2030 targets 
By using the evaluated annual capacity changes, several scenarios 

are generated for determination of Türkiye’s onshore wind and solar PV 
targets. In both the generated cost and investment scenarios, average 
cases will most likely take place. Hence, the economic, average, and 
ambitious scenarios are generated with the average cost scenario to 
assess the Türkiye’s policy options, which are illustrated in Fig. 5. The 
best case and worst case scenarios are generated to determine the limits 
of this study in the case that the costs change drastically in the following 
years, which are presented in Fig. 6. According to the average scenario, 
the onshore wind and solar PV capacities can reach between 21,200 - 
30,270 MW and 54,350–73,700 MW, respectively. These ranges are 
evaluated for each scenario, which are given in Table 4 where they are 
compared to the other recent projection studies for Türkiye [27,28]. It 
can be seen from the table that the onshore wind expectations of this 
study is well in line with the literature. However, the literature seems to 
underestimate the solar PV capacity according to the average scenario 
and agree with the economic scenario. This may stem from the fact that 
the installed solar PV capacity of Türkiye is currently less than installed 
onshore wind capacity, but the costs of the solar PV has dropped dras
tically in the last decade [32] and all the scenarios agree that the 
installed solar PV capacity will exceed the installed onshore wind ca
pacity by 2030. 

Since the average scenario has the most likely occurrence, determi
nation of 2030 targets as 25,000 MW for onshore wind and 60,000 MW 
for solar PV seem achievable and the most suitable for Türkiye. If 
ambitious approach is desired, however, the targets of 35,000 MW and 
90,000 MW for onshore wind and solar PV can be determined, however 
reaching these targets will likely prove to be challenging. In the post 
pandemic world with relatively high inflation and economic in
stabilities, economic scenario may be adopted as well. In this case, the 
targets may be determined as 17,000 MW for onshore wind and 35,000 
MW for solar PV. However, energy security and increasing fuel prices 
could be more costly than adopting the average or ambitious scenarios 
for Türkiye in the mid to long term. 

3.4. Overall discussion 

In this study, the investment scenarios and cost projections for 
Türkiye is generated and these have been utilized extensively to deter
mine the 2030 onshore wind and solar PV targets. The results are in line 
with the literature as Table 4 confirms, and the obtained models may 
successfully be utilized for Türkiye. This paper also provides a guideline 
for similar studies for other countries around the world. However, the 
reality is not idealized, and the TIC and LCOE of projects may vary 
noticeably with respect to location, climate, and landscape [33,34]. The 
network connection costs may also differ considerably and affect TIC 
[35]. Additionally, the feasibility of these projections should be 
considered as well. The economic and social criteria of the investments 
play significant role in the deployment of the renewable energy tech
nologies [36,37]. Energy crisis and increasing electricity prices are the 
leading issues for the developing countries [38]. To address all these 
issues in the present work, several investment scenarios and cost pro
jections are generated, and all the results are presented extensively. The 
correct utilization of the scenarios are left to the researchers and poli
cymakers, who may analyze the mentioned variables of specific projects 
accordingly. 

4. Conclusion and policy implications 

This study highlights the importance of generation of reasonable and 
useful scenarios in accurately estimating the investments, costs, and 

capacity changes in onshore wind and solar PV for Türkiye. In the next 
decade, the capacity increases of the renewable energy of Türkiye will 
mainly be sustained from onshore wind and solar PV. If it is desired, 
Türkiye may increase its onshore wind and solar PV capacities up to 
41,620 MW and 107,550, respectively, according to the ambitious sce
nario. However, achieving these values is likely to be challenging in 
terms of supplies and costs. The targets of 25,000 MW for solar PV and 
60,000 MW of onshore wind are deemed to be the most appropriate for 
Türkiye and advised to be determined as such. Also, more conservative 
approaches are discussed in this study, however, the costs of not 
increasing the installed capacities may overweight the benefits due to 
the increasing fuel costs and energy security concerns. The main results 
of this study may be summarized as:  

• Türkiye may increase its annual total investments to the renewable 
energy sector by 2030 up to 10 billion $ according to the high in
vestment scenario. However, the most likely case according to the 
average scenario predicts the annual total investment as 6.5 billion $.  

• The global TIC value for onshore wind is likely to reach 950$/kWh, 
while the global TIC value for solar PV is likely to stabilize around 
500$/kWh.  

• The costs of onshore wind for Türkiye is observed to be 10.15% 
higher than the world average in the last decade whereas the costs of 
solar PV is the same. This trend is expected to continue.  

• According to the average scenario, the installed capacities of onshore 
wind and solar PV are expected to reach 25,000 MW and 60,000 MW 
in 2030, respectively. 

Overall, this study aims to assist the researchers and policymakers by 
shedding light to the Türkiye’s onshore wind and solar PV future for the 
sustainable development of the country’s energy sector, and it can be 
used as a foundation for the analysis of onshore wind and solar PV 
technologies. 
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