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Abstract Renewable energy (RE) technologies are gradually taking over the world amid a lack of effective 

specific risk assessment tools, which is an important element of the strategic development of this sector. 

Meanwhile, the significant impact of state support on the industry, on the one hand, as well as the refusal of 

a number of countries to provide incentives to the sector, on the other hand, generate many new specific 

risks that need to be managed. Therefore, the author was tasked with developing recommendations for the 

creation of a fundamentally new methodological apparatus aimed at assessing the risks directly threatening 

RE projects. The article presents the main types of specific risks to renewable energy, and the analysis of the 

most relevant quantitative assessment approaches. Methodical features of RE risk assessment  based on four 

criteria were systematized: general, project, state influence, individual influence of risks. Qualitative and 

quantitative restrictions of an assessment were also discussed. Based on the results of the study, 

recommendations for the development of a specific approach to assessing the risks faced by the sector were 

given. The obtained results are of practical importance and will be used for creating appropriate tools, and in 

the future - for assessing the risk effectiveness of the implementation of RE projects under the influence of 

different economic conditions. 
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1 Introduction 
 

The practical absence of specific approaches to risk assessment in renewable energy projects affects not only 

the accuracy and objectivity of the assessment results but also reduces the effectiveness of decision making 

in the energy market. The current situation is since the global renewable energy market is relatively 

immature and has not yet accumulated enough experience to develop its own methodological tools for 

assessing economic/project risks. For example, the Russian energy market where the liberalization of 

traditional energy began less than 18 years ago has not experienced such a need until recently  (Konova et al. 

2012; Zlyvko 2014; Gitelman et al. 2017; or Lisin et al. 2018). 

Nevertheless, renewable energy is fraught with numerous specific risks (Bloomberg 2016; Panepinto et 

al. 2017; Strielkowski 2017; Chebotareva 2017; Newbery et al. 2018; Gonzalez et al. 2018; Chebotareva 

2019; Brozyna et al. 2020; or Carvalho et al. 2020), including: 

 

 A shortage of qualified personnel in the industry; 

 High pace of development of traditional energy; 

 Wrong localization of renewable energy facilities; 

 Weak financial performance; 

 Political risks (changes in the strategy of RE development, schemes of its support); 

 Investors' financial dependence on state-sponsored programs; 

 Obstacles to the participation of independent electricity producers; 

 The absence of an independent regulatory body, etc. 

 

Therefore, there is a complex and urgent task of conducting a theoretical study of how the features of 

renewable energy determine the specific nature of risk assessment in this sector. The paper summarizes the 

existing approaches to risk management, methodological features of assessment in the case of renewable 

energy projects. The outcome of the study is the development of recommendations for the creation of 

modern risk assessment tools tailored to the RE market, taking into account the project features of the sector, 

the influence of external economic and political factors of the market , etc. The paper gives priority to 

quantitative assessment. The results of the study will be used to develop a methodological approach to 
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assessing RE risks, as well as for studying the impact of instruments of state support for the sector or the 
denial for such on the effectiveness of projects. 

 
2. A review of the existing approaches to risk assessment 

 
The contemporary practice of risk management identifies the following most common quantitative 
approaches to risk assessment, among which there are both traditional and recently developed models 
(Echaniz et al. 2019; Blavatskyy 2019; Da Silva et al. 2019; Naranjo et al. 2019): 
 

• Logit-modelling of risk; 
• Probit- modelling of risk; 
• MDA- modelling of risk; 
• Assessment of economic capital (risk capital) of projects/companies. 

 
A brief description of the above approaches is presented in Table 1 (Gmurman 1997; Sakaguchi et al. 

2013; Chebotareva et al. 2018). 
 

Table 1. Features of risk assessment approaches 
 

Approaches Logit-model Probit-model MDA-model Economic capital Features 
Type Statistical financial models of risk assessment Economic model 

The main aim of 
the model 

Assessing the 
probability of 

default (from 0 
to 1) 

Assessing the 
probability of 

default  
(0 or 1) 

Assessing the 
probability of 

default (individual 
interpretation of 

each model) 

Assessment of the 
real capital needs 
of the company / 

project 

Data 
distribution Logistic Normal Normal - 

Input 
information for 

model 
development 

Statistical data (sample) by market / industry 

Data from the 
Basel Committee 

on Banking 
Supervision 

Input 
information for 

calculations 
Financial indicators of the company / project 

Project and 
industry 

indicators 
 

Source: Own results 
 

Currently, there are more than 200 different statistical models of risk diagnostics. Improved objectivity 
and high accuracy of evaluations make such models popular: they are used in 64% of cases (Aziz and Dar 
2006). However, in practice, logit-models are the most popular for many reasons (Zhdanov and Afanasyeva 
2011): 

 
• Logit models make it possible to get the most detailed vision of a default: not only in terms of 

belonging to a bankrupt group (as in probit and MDA-models), but also to assess the indicator of the 
probability of default itself; 

• In contrast with the MDA-models, logit-approaches describe nonlinear relationships between the 
variables; 

• The use of probit-models is extremely limited due to strict requirements regarding the normality of 
the initial data distribution, which is practically impossible under contemporary market conditions. 

 
Assessment of economic capital (risk capital) (Mokhov et al. 2017) is a fundamentally different 

quantitative approach in risk management, proposed by the world banking community. What makes it 
peculiar is that it can assess a number of external and internal project indicators, while taking into account 
the rating of industry companies and calculating the required capital to cover possible risks from the project. 
Comparison of the required and actual risk-capital allows one to assess the feasibility of the project 
implementation. Among the main elements of economic capital (Sorland and Rudel 2015; Peter 2006; 
Gurtler and Heithecker 2005) are: 
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• PD (probability of default) – the project indicator is usually calculated according to the industry 
logit-model; 

• LGD (loss given default) – external industry indicator; 
• EAD (exposure at default) – absolute value of the total cost of the project or proportional to the 

share of participation; 
• M (maturity) – an effective period during which the risk position is maintained. 

 
In the energy sector, the risk management system is only beginning to take shape. Thus, in the Russian 

practice, there is a gradual transition of corporations to risk-oriented strategies for energy asset management 
(Deloitte 2015; UNIDO 2017; IRENA 2018; Buera and Kaboski 2012; Kozhevnikov 2019) and industrial 
safety (PJSC “T Plus” 2015; Techexpert 2017). However, in such cases, the emphasis is on assessing the 
technical condition of the equipment at energy facilities. The energy sector is lagging behind in terms of 
developing specific risk assessment tools aimed to economic / project activities of the company. The most 
popular methods of risk assessment in the industry are still qualitative (expert surveys, interviews, etc.) 
(Ermolenko et al. 2016; Dia-Core project 2016; KPMG 2011). One of the few examples of quantitative risk 
assessment in the Russian energy sector is the industry logit-model developed by Khaidarshina 
(Khaidarshina 2009; Mokhov et al. 2018). 
 
3. Methodological features of risk assessment in renewable energy projects 
 
Being a “unconventional” sector, renewable energy has many specific characteristics that form the 
methodological features of risk assessment of companies and projects in this industry (Heldeweg and 
Séverine 2020; Cardona-Alzate et al. 2020). 

 
1. The common features of renewable energy risk assessment are the following: 

 
• The existence of heterogeneous risks that cannot be assessed by uniform methodological tools. This 

requires the development of a special integrated approach combining not only quantitative but also 
qualitative methods of risk assessment; 

• Variability of risks (quantitative - by composition; qualitative - probability of risk and level of impact 
on the effectiveness of projects); 

• Simultaneous changes in the quantity and quality of risk make it difficult to estimate the exact value 
of risk. This requires additional assessment of the “corridor” of fluctuation and migration of risks 
across the project stages; 

• The impact of not only internal but also external, primarily political risks on renewable energy 
projects. 

 
2. The peculiarity of project risk assessment of RE is that such assessment should be pegged to the stages 

of the project life cycle. The relatively short duration of renewable energy projects (under four years 
on average) compared to “conventional” energy projects requires reducing the evaluation process to 
only three main stages: pre-investment, investment and post-investment. The general quantitative 
assumptions are the following: 
 

• the pre-investment stage covers the first six months if the project period is less than two years, or up 
to a year of the RE project; 

• the post-investment stage includes only the final six months / year of the project under similar 
conditions; 

• the full term of the project is the basis for calculating the average risk for the investment stage. 
 
The qualitative limitations of the project risk assessment of RE are because risk assessment at each 

stage is different content-wise, so it must be strictly case-specific and depends on the time period and 
related forecasts. Proceeding from this, the basic requirements for risk assessment at each stage of the 
industry project have been developed: 

 
• The pre-investment stage is characterized only by forecast information on the project, as well as actual 

information on the implementation of similar projects. Therefore, at this stage, it is more effective to 
predominantly use qualitative (expert) risk assessment methods; 

• Within the framework of the investment stage, actual specific information on the project being studied 
and the current state of the energy market is accumulated, preliminary calculations on risks are 
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updated, etc. This enables a combination of qualitative and quantitative methods with the priority of 
using mathematical models; 

• By the post-investment stage, all actual data on the implementation of the renewable energy project, 
as well as information on the state of the energy market, has been accumulated. As a result, only 
quantitative tools need to be developed / applied. 

 
A brief description of the relationship between the characteristics of each stage of RE projects, the 

initial information, as well as the proposed assessment tools are presented in Table 2 (Chebotareva 2019). 
 

Table 2. The assessment specificity of renewable energy risk by project stage 
 

Stage Short 
characteristic 

Features of risk assessment 

Initial information for assessment Methods for risk assessment Evaluation of 
political risk 

Pr
e-

in
ve

st
m

en
t Project 

planning, 
organization 
of financing 

Only forecast information on the 
project, including risks, and the market 

state (data of the business plan); 
availability of information on the 

implementation of RE projects with 
similar characteristics 

Preferential use of qualitative 
(expert) methods of risk 

assessment 

High uncertainty 
about the 
possible 

availability of 
state support, 
existence of 

associated risks 

In
ve

st
m

en
t 

Construction 
and 

commissionin
g of the RE 

facility 

Actual data on the RES project, the 
market state; clarification of the 

calculations on the level of risk before 
the stage (project reports, contracts) 

The combination of qualitative 
and quantitative methods, the 

priority of mathematical 
models in the accumulation of 
data on current and similar RE 

projects 

High probability 
of instability / 
cancelation of 

state support, the 
existing of 

associated risks 

Po
st

-
in

ve
st

m
en

t The operation 
of the RE 
facility 

Accurate project data before 
commissioning of the RE facility 

It is possible to use only 
quantitative tools with enough 

information on the 
implementation of the RE 

project 

Reducing the 
impact of 

political risks 

 
Source: Own results 

 
Dynamic risk assessment of renewable energy project stages allows one to assess the effectiveness of 

forecasting and risk management programs at each stage by comparing risk indicators for adjacent stages. 
The calculated risk at the pre-investment stage is forecast for the investment stage; at the investment stage 
- for the post-investment stage. 
 

3. Each stage of the project is characterized not only by a strictly individual set of risks, but also by the 
level of influence and probability of risks. Studies (Addy et al. 2019; Adıyeke et al. 2019; Sim and 
Kim 2019) have shown that the distribution of specific and common risks across the three stages of 
renewable energy projects is the following: 

 
• All stages are influenced by a set of policy risks that are specific to renewable energy (Curtin et al. 

2019). A description of the impact of political risks on project stages is given in Table 2. 
• During the project activities, there are general risks caused by the influence of economic factors (as 

a rule, inflation, credit and, to a lesser extent, currency rates). 
• The greatest number of risks is typical of the post-investment stage during commissioning. It is here 

that specific risks generated by the energy market begin to have a strong impact. 
 

4. Active state influence usually contributes to the emergence of specific risks and drive an increase in 
the riskiness of renewable energy projects (Mutran et al. 2020). Earlier studies (Ratner et. al 2020; 
Ermolenko et al. 2016; Chebotareva 2019; Chebotareva 2018; Shimbar and Ebrahimi 2020) quantified 
the impact of state support mechanisms on the cost and riskiness of RE projects. Thus, in the global 
renewable energy market there is an increase in the risk closer to the end of projects: the risk hits the 
highest in the case of subsidies and is at the lowest when there is no state support. The Russian market 
showed an increase in risk to the end of projects only in the case of government lending, while in the 
cases of subsidies and the absence of support the risk decreased. 
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4. Conclusions 
 
The development of specific tools for assessing the risks of renewable energy is a very urgent task. Its 
implementation will improve the efficiency of projects being implemented in the sector. However, it is 
important to consider the specific characteristics of renewable energy, as well as the methodological features 
of the RE risk assessment. Among the results of the study it is important to highlight the following: 

 
• Emphasis should be placed on the development of a quantitative risk assessment method (e.g. The 

popular logit-model). 
• The proposed tools should be refined for each of the three project stages, considering the specified 

features of each of them. 
• In developing the approach, a distinction should be made for the global energy market and for 

individual regions, as local markets have their own unique character, which will be expressed in a set of 
specific indicators. In the future, this will allow for a comparative analysis of the risk-effectiveness of 
different renewable energy markets. 

 
The preliminary study showed that the main indicators of the evaluation of the RE project should include: 

the volume of public investment; energy shortage in the region; levelized cost of energy (LCOE); the 
country of purchase of equipment for power generation facilities; the value of environmental costs; the costs 
of the project region for R&D; intra-financial indicators of the initiator company, etc 

However, when using logit-modelling, one of the most important problems is the choice of the dependent 
variable due to the lack of sufficient negative experience as regards the implementation of RE projects 
internationally (cases of bankruptcy and non-bankruptcy). A solution may be to choose as such a variable 
indicator of the economic and/or social efficiency of RE projects. 

Nevertheless, integrating the presented recommendations in a uniform mathematical model will enable 
one to quantify the individual level of risk at each stage of the RE project, the effectiveness of the sector 
projects in individual countries. From the point of view of methodology, the solution of this task could serve 
as the basis for the quantitative assessment of risks, including the political risk, which has a major 
significance for RE, as well as the expediency of state support of a project at each stage. 
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