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Abstract 

Renewable energy sources have gained importance as the world’s energy demand has increased over the 

years. In many countries, governments have started to give more importance to renewable energy sources in 

order to supply the growing energy demand. As a developing country, Turkey has also increased energy 

demand. New investments are needed in the renewable energy sector in order to satisfy this increasing 

demand. Solar energy has become one of the popular options among all renewable sources due to its 

widespread availability. Investments to produce solar energy can be feasible options for investors, but the 

risk factors stemming from the macro environment as well as project level risks should be identified. The 

objective of this study was to identify the risk factors and their impacts on the cash flow parameters of solar 

energy investments. To that end, an extensive literature survey is carried out relating to the risk factors of 

Public Private Partnership (PPP) projects, a survey questionnaire is applied to three different companies, and 

a Delphi method is used for the reduction process. The results are expected to guide the future solar energy 

investors in Turkey.  
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1. Introduction 

Energy is an important factor for the economic and 

social development of countries. It is also 

indispensable factor for increasing the social 

welfare of a country. Energy demand has been 

increasing all over the world as a consequence of 

rapidly increasing industrialization and population 

growth [1]. According to the U.S. Energy 

Information Administration [2], the energy demand 

will increase significantly (28% until 2040) for 

years to come (Fig. 1). 

 As a fast growing country, Turkey has also 

increased energy demand. It was announced by the 

Economist Intelligence Unit that Turkey’s energy 

demand will have increased by an annual rate of 
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5.6% in 2017. In the light of this information, it is 

clear that Turkey needs to find resources in order to 

supply the increasing energy demand. The energy 

sources can be categorized under two main 

headings as non-renewable and renewable. Non-

renewable energy sources include coal, natural gas, 

petroleum and nuclear energy, on the other hand, 

renewable energy sources include wind, sunlight, 

biological materials, geothermal heat and rain [3]. 

As Topal and Arslan [4] stated, Turkey is not a rich 

country in terms of non-renewable energy sources. 

Contrary to non-renewable energy sources, 

renewable energy sources are abundant, However, 

as Hargreaves and Zaccaria [5] mentioned the 

current level of their development and management 
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is inadequate to meet the demand of the world’s 

increasing population. The Turkish government 

leans towards renewable energy but does not have 

enough funds to invest in renewable energy power 

plants. Like other developing countries, the Turkish 

government uses public-private partnerships (PPPs) 

for constructing renewable energy power plants. 

Among all renewable energy alternatives, solar 

energy has become one of the popular renewable 

energy sources in Turkey due to its widespread 

availability. Turkey has a high potential for solar 

energy but this potential was not evaluated 

sufficiently until 2014. After 2014, with the growth 

of the economy, the installed solar power plant 

capacity in Turkey has been dramatically increased 

(shown in Fig. 2). 

 At the moment, the capacity of solar power 

plants is approximately 4726 Megawatt (MW) in 

Turkey. The total capacity for the installed solar 

power plants is expected to reach 10,000 MW by 

2023. Therefore, solar power plants can be 

profitable investment alternatives for investors, 

however the risk assessment should be carefully 

carried out before making the investment. The 

objective of this study is to identify the risk factors, 

probabilities, and impacts on cash flow parameters 

to guide the future investors. As a result of this 

identification, a risk assessment table is constructed 

where one can find all risk factors, probabilities, 

and impacts for solar energy investments in Turkey. 

 

 
 

Fig 1. Projected Global Energy Consumption [2] 

 

 
 

Fig 2. The Total Capacity for the Installed Solar Power Plants 
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2. Background research 

This research builds on and extends studies about 

implementation of renewable energy sources and 

risk identification in PPP projects. 

 Implementation of renewable energy sources 

have recently getting the attention of the 

researchers. Several research studies were 

performed to assess the potential of renewable 

energy sources. Zafar et al. [6] analyzed the 

different types of renewable energy sources in 

Pakistan. Mezher et al. [7] depicted opportunities 

for renewable energy investments in Abu Dhabi. 

Gómez-Navarro [8] assessed the barriers for 

renewable energy investments in Colombia. 

Furthermore, several research studies focused on 

environmental and social impacts of renewable 

energy sources [9-11]. For the choice of solar power 

as a renewable energy sources, studies have been 

conducted to evaluate its potential, challenges 

associated with its implementation, pricing, and 

policies adopted. Chang and Starcher [12] 

evaluated benefits and economic feasibility of solar 

energy investments in Texas. Keeley and 

Matsumoto [13] clarified the relative significance 

of the determinants in the location decisions of 

foreign solar energy investors. Totally, 18 

determinants that are categorized into the 

macroeconomic environment, institutional 

environment, natural conditions, and renewable 

energy policy categories are used for the analysis. 

Other research studies focused on solar panel 

technology [14-17].  

 Several research studies were performed to 

identify the risk factors that affect different types of 

PPP projects in different countries [18-26]. For 

example, Al-Azemi et al. [25] identified the risk 

factors for PPP projects in Kuwait. Although there 

have been quite research studies related to 

renewable energy sources and solar power plants, 

and risk factors for PPP, there is not any specific 

study in the literature that guides to the investors in 

the sense of identification of risk factors for solar 

power plants in Turkey. Therefore, this study aims 

to guide the investors who interested in solar power 

plant investments in Turkey. 

3. Methodology of study 

The proposed methodology (Fig. 3) to identify the 

risk factors and impacts related to solar power 

investments is performed in three steps: (1) 

performing an extensive literature review, and (2) 

identifying of the cash flow parameters for solar 

power investments, and (3) identifying the impacts 

and probability of occurrence of the risk factors. 

 

The risk factors are 

identified by performing 

an extensive literature 

review

The cash flow parameters 

are identified by 

examining feasibility 

reports

The impacts and probability of 

occurence of the risk factors are 

identified by administering 

questionnaire survey

(Delphi Method is used)

Risk assessment table for 

solar energy investment is 

constructed

 
 

Fig 3. The flowchart of proposed methodology 

3.1. An extensive literature reviews 

The first step of the proposed methodology is to 

perform an extensive literature review. This process 

was performed by examining literature studies 

[1,18,19,21,23,27-31] prepared for PPP 

investments. Although there are many related 

publications in the literature, the selection process 

were performed according to the journal impact 

factor and citation records of the publication. 

According to these literature studies, 18 possible 

risk factors are identified. These risk factors are 

grouped as technical and external risk factors 

(Table 1). 
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Table 1. Risk factors for solar energy investments 

Risk Factors 

External Risk Factors 

Change in interest rates 

Change in government 

Change in law 

Change in tax regulations 

Change in energy market demand 

Inflation rate volatility 

Force majeure risk  

Weather conditions 

Local opposition 

Delay in project approvals 

Delay in expropriation 

Technical Risk Factors 

Delay of construction 

Technical problems during construction 

Organization risk 

Change of scope 

Geotechnical conditions 

Accidents 

Design problems 

3.2. Identification of the cash flow parameters of 

solar power investments 

The second step of the proposed methodology is to 

identify the cash flow parameters (Table 2) that 

affect solar power investments. This process was 

performed by examining more than 10 feasibility 

reports for solar power investments in Turkey. 

These reports were obtained from different 

investment companies.  

 The selection process were performed 

according to the size of the projects. In order to 

satisfy the project variation, the feasibility reports 

for small, medium and large scale projects were 

chosen. According to these feasibility reports, the 

profit of the project depends on income, cost of 

expropriation, operation cost, interest rate, 

construction cost, operation period and construction 

period. 

 

 

Table 2. Cash flow parameters for solar energy 

investments 

Cash Flow Parameters 

Income 

Cost of Expropriation 

Operation Cost 

Interest Rate 

Construction Cost 

Operation Period 

Construction Period 

3.3. Identification of the impacts and probability 

of occurrence of the risk factors 

The third step of the proposed methodology 

involves identifying the impacts and probability of 

occurence of the risk factors. For this purpose, a 

questionnaire survey was administered to three 

different investment companies. All companies 

invest in the field of renewable energy production 

in Turkey. These companies are selected because 

they are international companies and invested 

different types of renewable power plants in 

different regions of Turkey. Company A 

constructed and is now operating three solar power 

plants with a total capacity of 30 MW, Company B 

constructed and is now operating six solar power 

plants with a total capacity of 42 MW, Company C 

constructed and is now operating four solar power 

plants with a total capacity of 88 MW. A total of 15 

experts were chosen from these investment 

companies. 

 As can be seen in Table 3, all three companies 

are directly involved in construction and operation 

period for different types of renewable power 

plants, and each of them have experienced more 

than 5 years. The experiences and variety of 

companies helped in identifying the impact and 

probability of risk factors. The prepared 

questionnaire was applied to one executive 

manager and four project managers of each 

company. Before the questionnaire, participants 

were asked to evaluate the risk factors, and asked if 

they want to add new factors. After that process, the 

questionnaire was applied to a total of 15 

participants (5 participants for each company).  
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Table 3. Profile of the companies that participated in the study 

 
Experience 

(years) 

Number of solar 

power plants 

constructed and in 
operation period 

Solar Energy 

Production 
Capacity (MW) 

Other types of renewable power plants 

constructed and in operation period 

Company A 8 3 30 Hydro, Biomass 

Company B 15 6 42 Wind, Hydro 

Company C 24 4 88 Wind, Geothermal 

Participants were asked to assess the probability of 

occurence and impact of each risk factor from zero 

to five, where “zero” shows risk factor has no 

probability and impact, “one” shows risk factor has  

very low probability and impact, “two” shows risk 

factor has low probability and impact, and “three” 

shows risk factor has medium probability and 

impact, “four” shows risk factor has high 

probability and impact “five” shows risk factor has 

very high probability and impact. 

 The Delphi Method was implemented to 

minimize the differences between participants. In 

this technique the questionnaire is answered by the 

experts in two or more rounds. After each round, 

the questionnaire that includes all the expert’s 

answers are given to the experts and they are asked 

to revise their earlier answers in the light of the 

other experts’ answers. By performing this process, 

the range of the answers are minimized in each 

round and also the degree of consensus for the 

results is increased in each round. After all rounds 

are completed, the mode of the answers are 

determined as a final result of the questionnaire. 

 

4. Results 

A risk assessment table was constructed in order to 

show the results of questionnaire. The probability 

of occurence and impact of risk factors are shown 

in this risk assessment table. In the table, first 

column shows the type of the risk factor, second 

column shows the name of each risk factor, and 

other columns show the probability of occurence 

and impact of risk factors on cash flow parameters. 

The first letter shows the probability of occurence 

of the risk factor (V= Very Low, L= Low, M= 

Medium, H= High, E= Very High), where the 

second letter shows the impact of the risk factor on 

the cash flow parameter (V= Very Low, L= Low, 

M= Medium, H= High, E= Very High). For 

example, the probability of occurence for 

“Organization Risk” is medium, whereas the impact 

of “Organization Risk”on “Income” parameter is 

low. 

 According to Table 4, the most influential risk 

factors on cash flow parameters are inflation rate 

volatility and change in interest rates. As Akcay et 

al. 2017 mentioned these two risk factors depend on 

the economic stability of the government. Also, it 

can be easily seen that inflation rate volatility, 

change in interest rates and delay in project 

approvals have the highest chance for probability of 

occurrence compared to the other risk factors. 

 

5. Conclusion 

In conclusion, this paper provides general 

information about energy demand and statistical 

information related to Turkey. The Turkish 

government’s available and targeted installed 

capacity for solar energy power plants were stated. 

The cash flow parameters of solar energy 

investments were clarified. All technical and 

external risk factors were identified by performing 

an extensive literature review. The probability of 

occurrence of each risk factor and the impact of 

each risk factor on each cash flow parameter were 

identified. The presented risk assessment table in 

this research which shows probability of occurrence 

and impact of each risk factor can be a guide to the 

future solar energy investors in Turkey. 
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Table 4. Risk assessment table for solar energy investments 

Type 

Cash Flow Parameters 

Risk Factors 
Income 

Interest 
rate 

Construc. 
period 

Operation 
period 

Cost of 
expropriation 

Operation 
cost 

Construc. 
cost 

T
ec

h
n
ic

al
 

Delay of construction [ M, V ] [ M, V ] [ M, E ] [ M, E ] [ M, V ] [ M, V ] [ M, E ] 

Technical problems during construction [ H, V ] [ H, V ] [ H, H ] [ H, H ] [ H, V ] [ H, L ] [ H, H ] 

Organization risk [ M, L ] [ M, L ] [ M, E ] [ M, E ] [ M, V ] [ M, H ] [ M, H ] 

Change of scope [ L, L ] [ L, V ] [ L, H ] [ L, H ] [ L, L ] [ L, M ] [ L, H ] 

Geotechnical conditions [ M, V ] [ M, V ] [ M, H ] [ M, H ] [ M, V ] [ M, V ] [ M, H ] 

Accidents [ M, L ] [ M, V ] [ M, M ] [ M, M ] [ M, L ] [ M, M ] [ M, H ] 

Design problems [ H, E ] [ H, V ] [ H, H ] [ H, H ] [ H, V ] [ H, H ] [ H, H ] 

E
x

te
rn

al
 

Change in interest rates [ E, L ] [ E, E ] [ E, L ] [ E, L ] [ E, V ] [ E, L ] [ E, M ] 

Change in government [ M, H ] [ M, H ] [ M, M ] [ M, M ] [ M, H ] [ M, M ] [ M, H ] 

Change in law [ H, E ] [ H, L ] [ H, M ] [ H, M ] [ H, H ] [ H, L ] [ H, L ] 

Change in tax regulations [ H, H ] [ H, V ] [ H, V ] [ H, V ] [ H, L ] [ H, M ] [ H, H ] 

Change in energy market demand [ L, E ] [ L, V ] [ L, V ] [ L, V ] [ L, L ] [ L, L ] [ L, V ] 

Inflation rate volatility [ E, M ] [ E, E ] [ E, M ] [ E, M ] [ E, L ] [ E, H ] [ E, H ] 

Force majeure risk  [ V, L ] [ V, L ] [ V, H ] [ V, H ] [ V, V ] [ V, M ] [ V, H ] 

Weather conditions [ H, V ] [ H, V ] [ H, E ] [ H, E ] [ H, V ] [ H, L ] [ H, H ] 

Local opposition [ L, L ] [ L, V ] [ L, H ] [ L, H ] [ L, E ] [ L, L ] [ L, M ] 

Delay in project approvals [ E, V ] [ E, V ] [ E, E ] [ E, E ] [ E, V ] [ E, L ] [ E, E ] 

Delay in expropriation [ H, L ] [ H, V ] [ H, M ] [ H, M ] [ H, M ] [ H, L ] [ H, H ] 
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