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A B S T R A C T  
 

 

The article proposes to consider the problem of comprehensive assessment of project risks as applied to 

the energy industry. The authors of the research focused on the description of the applied solution. A 
real investment project on replacement of a bark boiler at Mondi Syktyvkar enterprise was chosen as an 

object for testing the results. We proposed to divide the risks accompanying the project into 2 categories: 

risks for which there is necessary and statistical information for their quantitative assessment and risks 
for which this information is absent. As a technique of a quantitative assessment of risks from the first 

category it is expedient to apply a method of Simulation modeling of Monte Carlo. In this case, the 

authors of the article conducted a significant analysis of existing methods for assessing project risks and 
the choice of the Monte Carlo methodology is due to the practical orientation of the study. In practice, 

the real enterprise is quite problematic to use more complex methods of assessment, such as methods of 

Real Options or methods of fuzzy logic, neural networks, etc. As a method of qualitative risk assessment 
(from the second category) the method of expert evaluation with subsequent calculation of risk premium 

in the discount rate was chosen. This method is common in practice and easy enough to implement. 

According to the results of the analysis (statistical and expert) the most dangerous risks of energy projects 

were identified: Production and technological risks (the risk of choosing the wrong technological 

scheme, the risk of reducing the quality of internal controls, the risk of incorrect calculation of the design 

capacity of energy production, the risk of industrial safety), security risks (the risk of hacking attacks on 
information systems of energy enterprises), as well as country risks. Among the most influential risks 

(based on the analysis of their impact on the main technical and economic indicators of the project) are: 

the risk of rising prices for purchased gas (fuel), the risk of high volatility of the dollar exchange rate. 
The results of the study were used in a real project and the risk assessment methodology was 

implemented in the project activities of Mondi Syktyvkar enterprise. 

doi: 10.5829/ije.2021.34.07a.22 
 

 
1. INTRODUCTION1 
 
Major investments in energy projects are fraught with a 

large number of risks that are both common to all 

investment projects and specific to energy industry. Lack 

of a comprehensive risk assessment methodology can 

result in negative consequences for the company. 

As energy generating equipment that is operated by 

electricity providers (power grids, substations, and 

process control systems) and most manufacturing 

companies is always subject to wear, it becomes 
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necessary to invest a large amount of money in 

equipment upgrades and projects connected with 

equipment upgrades in the energy industry. There are a 

lot of risks associated with such investments, including 

those specific to industry, that need to be correctly 

assessed at the stage of conducting a feasibility study for 

each investment project in energy sector. Companies 

usually do not use complex risk assessment methods; as 

a result, the quality of risk management deteriorates and 

they cannot reach the same quality level as some 

competitors boast. In fact, manufacturing companies 
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either do not assess risks at all or do it in a very formal 

way that does not take into account the specific features 

of the energy industry.  

Researchers study such aspects as risk-return analysis 

in application to investments in renewable energy 

sources [1], the importance of project finance in low-risk 

projects [2], the advantages of the Monte Carlo modeling 

method in evaluating public-private partnership projects 

[3], and conducting feasibility studies based on the 

Monte Carlo method using multi-energy balance 

financial equations that take into account the 

uncertainties and risks associated with different variables 

in the design and construction of solar thermal power 

stations [4]. 

Recently, the issue of risk assessment has been raised 

by many researchers around the world, in particular such 

issue of project risk assessment applied to public-private 

partnership projects using the example of waste 

incineration in energy industry [5]. Assessement of the 

effect of external risks on the success of oil and gas 

construction projects [6], study and classify structures, 

methods, and models of in-project quantitative risk 

analysis [7], discuss the issue of risk perception in the 

integrated design and construction project delivery [8], 

and analyze performance risks [9]. 

For many researchers, the most pressing issue 

remains the problem the issues of integrating risk 

management systems in project decision making and 

those of improving project effectiveness by assessing 

project risks [10-12]. Some researchers discussed the 

problem of involving experts in project risk analysis [13]. 

A number of researchers analyze project risks based on 

the characteristics of a project [14], and some researchers 

have set themselves the task of developing models and 

methods for managing supply chain risks and delays in 

construction projects [15]. 

Russian researchers discussed investment risk 

management in the mining industry, the use of a risk-

based approach to safety issues at coal deposits [16-18]. 

The strategic risk analysis have implemented investment 

projects [19-21], economic assessment of heat and 

electricity generation [22-24], anthropogenic hazard 

assessment [25], organizational and economic 

mechanisms for implementing strategic innovation 

projects [26-29], and the development of a stationary 

intelligent system for assessing and monitoring power 

quality indicators [30]. 

The main purpose of this study is to develop a system 

for a comprehensive assessment of risks associated with 

energy investment projects based on a combination of 

simulation modeling methods and discount rate 

calculation. The results of the study were tested on the 

example of the company Mondi Syktyvkar. One of the 

company's activities is the generation of electricity as a 

result of burning wood waste from the main production 

and natural gas in measles boilers. The company uses the 

received electricity for its production needs, and also 

sells it to third-party consumers. 

 

 

2. THEORY AND EXPERIMENTAL 

 

The reliability and validity of the statements, 

conclusions, and recommendations presented in the 

article stem from the fact that a significant body of theory 

on the topic was studied and numerous documents and 

statistical data on various manufacturing and energy 

companies were analyzed, including methodological 

recommendations for assessing project cost effectiveness 

and reports produced by rating and consulting agencies. 

To achieve the aim of the study, probability and statistical 

analysis, expert evaluation, and simulation methods were 

used. The methodological foundation of the study 

consists of works by leading Russian and foreign 

researchers in such fields as project risk assessment, 

project risk management, and simulation modeling, data 

provided by consulting and analytical agencies, and 

publicly available business reports [31].  

The algorithm for conducting a qualitative risk 

analysis using the questionnaire method is shown in 

Figure 1: 

Based on the results of the expert opinion survey and 

the statistical analysis, we identified critical risks (risk 

level> 31), dangerous risks (risk level from 21 to 30), 

moderate risks (risk level from 11 to 20), and also low 

risks (from 0 to 10).  

Based on the results of the qualitative analysis (the 

choice between quantitative and qualitative analysis was 

made based on the availability of sufficient statistical 

data for each of the parameters), it can be concluded that 

the most critical risks in developing a standard energy 

project are the risk of underestimating capital costs for 

equipment, the risk of cyber attacks, and the risk of 

mistakes in electricity price planning. The greatest 

emphasis in project development should therefore be 

placed on organizational, marketing, and security risks.  

Application of the simulation modeling method (Monte  

 

 

 
Figure 1. Algorithm of questionnaire method application for 

expert assessment of project risks 
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Carlo method) in combination with other statistical 

methods of qualitative and quantitative risk assessment 

provides the most realistic picture of the probability 

distribution of various risks in the aggregate affecting the 

investment project (provided that a qualitative 

assessment has been made, the risks have been identified, 

the probabilities and the degree of impact of risks have 

been determined) [32]. 

The Monte Carlo method used in mathematical 

modeling is applicable to managing uncertainty in some 

technical and economic parameters of the projectа. The 

resulting variables of the equation describing the project 

model and including these parameters are NPV, ID, and 

IRR, i.e. the main indicators of project performance, 

based on which strategic decisions concerning the project 

will be made. The Monte Carlo method makes it possible 

to take into account the uncertainty of the variables in the 

equation which is connected with a probability 

distribution. 

In addition, the method does not take into account 

the presence of correlations or other relationships 

between the parameters of the model; as a result, a large 

number of invalid scenarios are simulated. It follows 

from the above that the approach under consideration 

needs to be refined in order to improve the reliability of 

simulation results. 

Taking into account correlations between input 

parameters is a very important task in making the model 

being used as objective as possible but it cannot be solved 

using the existing tools. It is advisable to use the 

following algorithm for taking into account correlations 

between parameters (Figure 2). 
 

 

3. RESULTS AND DISCUSSION 

 

The study is based on a model that was developed by the 

authors using the feasibility study for the project aimed 

at installing a new energy generating device (a bark  

 

 

 
Figure 2. Flowchart of accounting for correlation between 

technical and economic parameters of the project model in 

Monte Carlo simulation. Source: developed by the authors  

 
2 http://www.palisade.com/risk/ru/ 

boiler) at Mondi Syktyvkar. The result of developing an 

economic and mathematical model is project 

performance indicators that are used by investors and 

company directors to decide whether the project is 

feasible or compare it with other projects. 

 
3. 1. Country Risk Premium Calculation        The 

country risk premium was calculated based on data 

provided by Expert RA, a rating agency. It deals with 

analytics (mainly regarding the credit and insurance 

industry); since 1996, it has been compiling annual 

rankings of Russian regions by their attractiveness for 

investors. The methodology of country (and regional) 

risk rating is presented in researches. 

Based on the scale presented, the country risk 

premium for the project aimed at installing a new bark 

boiler at a facility located in Syktyvkar (Komi Republic) 

is 3%. 

 

3. 2. Risk Premiums for Other Types of Risks        

The discount rate, as mentioned earlier, takes into 

account all other important risks except for those that are 

covered in simulation modeling. According to the 

methodology, the least dangerous risks are not taken into 

account (natural hazards, environmental risks, and risks 

connected with infrastructure and logistics). The country 

risk premium in the project under consideration is 3%.  

To find final risk values, the sum of the products of 

risk occurrence probabilities and numerical values of 

damage is calculated (in shares; the scale of damage 

corresponds to the scale in the questionnaire). The 

possible damage caused by the production risks is 26.8%, 

and that caused by the safety risks is 18.9%. To find risk 

premiums for these risks, it is necessary to add them up 

and analyze the sensitivity of the project’s net present 

value (NPV) to changes in the discount rate (relative to 

net cash flows). The sum of the possible damage caused 

by the two types of risks being considered is 45%, so it is 

necessary to find the value of the discount rate at which 

the NPV deviates from the sum of cash flows by 45%. 

The results of the sensitivity analysis are shown in Table 

1. 

Based on the sensitivity analysis, the risk premium 

will be 4.37%. The value of the discount rate for the 

project aimed at installing a new bark boiler at Mondi 

Syktyvkar is taken to be 4.37% + 1.88% + 3% = 9.25%. 
 

3. 3. Installing a New Bark Boiler at Mondi 
Syktyvkar: Simulation Modeling         Simulation 

modeling was carried out using @RISK software and MS 

Excel2. The number of iterations was 5,000, and Latin 

hypercube sampling was the statistical method used. The 

main simulation modeling parameters are shown in Table 

2. 
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TABLE 1. Analysis of NPV sensitivity to changes in the 

discount rate 

Increase in the 

discount rate 
NPV, mln RUB 

Change in NPV, 

mln RUB 

+4.37% 3931 -45% 

+3.5% 4613 -20% 

 
 

3. 4. Model Structure        For the project under 

consideration, an economic model was developed using 

data provided by the company. According to this data, the 

estimated NPV is 692 million rubles, PI is 2.5, IRR is 

28%, the payback period is 8.02 years, and the discounted 

payback period is 13.59 years. 

 

3. 5. Choosing Distributions for the Input 
Parameters of the Model         The type of probability 

distribution of a random value (as a characteristic of the 

input parameter of a simulation model) is determined by 

analyzing the distribution of a random value using special 

software (statistical analysis function @RISK). For this 

purpose, it is necessary to have a sufficient statistical base 

on the input parameter series. If such a database was 

available (e.g., by the values of actual and planned 

Capital costs of energy projects), the probability 

distribution of this value was analyzed. For Capital costs, 

the analysis showed the Exponential Distribution. In case 

there is no sufficient basis for the analysis, the normal 

distribution is accepted. 

 

3.6 Input And Output Parameters Of The Model 
Input model parameters selection is determined in each 

new project separately. Several technical and economic 

parameters used as input parameters have been selected 

in this study. The main principle of input parameters 

selection is influence of the revealed risks on the 

corresponding project model parameters. The following 

is a description of the input parameters of the energy 

project model, for which there was a sufficient basis for 

determining their probabilistic and statistical 

characteristics. For the other input parameters, the law of 

normal distribution of a random variable and a deviation 

from the mathematical expectation of about 10% of the  
 

 

TABLE 2. Simulation modeling parameters for installing a new 

bark boiler at Monti Syktyvkar 

Number of simulations 1 

Number of iterations 5,000 

Number of inputs 56 

Number of outputs 3 

Random number generator Mersenne Twister 

RNG seed 1776983321 

studied parameter of the deterministic model were 

applied. The values of NPV, PI, and IRR are the output 

parameters of the simulation model. 
 
3. 6. 1. Price for Gas         In the project under study, 

the main cost advantage of installing new energy-

producing equipment was gained due to savings on fuel 

(gas). An analysis of the daily prices for gas over a 10-

year period showed a triangular distribution of gas prices. 

The average value for this parameter was 3.9 rubles/m3. 

 

3. 6. 2. USD Exchange Rate             It is proved that the 

hypothesis that the USD exchange rate is normally 

distributed. Based on this, normal distribution was 

adopted for the random variable of the USD/RUB 

exchange, and the main distribution characteristics (the 

mean value and the standard deviation) were taken based 

on an analysis of a sample of daily exchange rates for the 

last four years. 

 
3. 7. Simulation Results  
3. 7. 1. Net Present Value         The main input 

parameter in the financial model of the investment 

project under consideration is the NPV. The simulation 

results are shown in Figure 4. 

Simulation modeling was carried out using @RISK 

and MS Excel. As the simulation results showed, the 

most expected NPV value adjusted for risks is 587.65 

million rubles, which is 15% less than that value that was 

calculated using the deterministic model (692 million 

rubles). The probability of having a non-negative NPV is 

80%, which is a quite good result. Also, the probability 

of having a minimum NPV of -2,124.01 million rubles 

does not exceed 5%, with the same probability for having 

a maximum NPV of 6,945.67 million rubles. 

At a confidence interval of 95% under the optimistic 

scenario, the NPV is 1,469 million rubles. The 

pessimistic scenario at a confidence interval of 5% 

reflects a negative NPV with a loss of 645 million rubles. 

The expected risk-adjusted PI is 1.9 (Figure 5). 

The expected risk-adjusted IRR is 23%. In addition, a 

statistical analysis of the distribution of the risk-adjusted 

IRR was carried out. 

Table 3 compares the two options for calculating the 

performance indicators of the project for installing new 

energy generating equipment (a bark boiler) at Mondi 

Syktyvkar, i.e. using a deterministic model and using 

Monte Carlo simulation modeling. 

As a result of the study, the main project performance 

indicators that were adjusted for general risks, industry-

specific risks, and correlations between input parameters 

turned out to be approximately 15% lower than the 

project values that were not adjusted for risks by 

simulation modeling. 
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Figure 4. NPV distribution obtained by simulation 

modeling. Source: developed by the authors 

 

 

 
Figure 5. PI distribution. Source: developed by the authors 

 

 
TABLE 3. Model output parameters of the project for installing 

a new bark boiler at Mondi Syktyvkar 

 Deterministic 

model 

Monte Carlo 

simulation modeling 

NPV (expected), 

mln RUB 
692 587 

PI (expected) 2.5 1.9 

IRR (expected) 28% 23% 

 

 

4. CONCLUSIONS 

 

The findings of the study resulted in the following 

conclusions: 

    1. In order to apply a complex and comprehensive 

approach to investment project evaluation, a 

methodology was developed for assessing risks and risk 

types that companies face when implementing 

investment projects connected with energy producing 

equipment.When the methodology was tested on the 

project for installing a new bark boiler at Mondi 

Syktyvkar, the project performance indicators fell by 

almost 15%. This suggests that if risks are not properly 

assessed, project performance indicators may be 

exaggerated, which can lead to negative economic 

consequences for the company if a decision is made to 

invest in the project. 

    2. The authors proposed a methodology for calculating 

risk premiums which should be taken into account when  

calculating the discount rate for the project. As it is 

necessary to factor in important risks that cannot be 

covered by simulation modeling due to the fact that there 

are no input parameters in the model structure that can be 

directly affected by these risks, the risk premium should 

be calculated based on an analysis of the project’s NPV 

sensitivity to changes in the discount rate, which is found 

by analyzing possible damage from the occurrence of 

these risks. Based on the results of the qualitative 

analysis, it was concluded that the most critical risks in 

developing a standard energy project are the risk of 

underestimating capital costs for equipment, the risk of 

cyber-attacks, and the risk of mistakes in electricity price 

planning.  

    3. To improve simulation modeling results, it is 

advisable to use a modification of the Monte Carlo 

simulation method that takes into account correlations 

between risks. If possible, correlations are not factored in 

the simulation results can become distorted. The 

modification of the simulation method has the form of an 

addition to the simulation algorithm (step 4) that includes 

six steps: 

    1. Analyzing the NPV calculation model and finding 

input and output parameters 

    2. Identifying and analyzing possible risks 

    3. Finding the type of probability distribution and the 

statistical characteristics 

    4. Finding correlations between model parameters 

    5. Carrying out NPV simulation modeling, generating 

scenarios that take into account the correlations, and 

checking scenarios for compliance with a given 

correlation coefficient 

    6. A statistical analysis of the resulting values 

The methodology was tested using as a case study the 

project for installing a new bark boiler at Mondi 

Syktyvkar. 

Besides, the expert methods applied for qualitative 

estimation of design risks can be not absolutely reliable. 

To level out this possibility, it is necessary to choose the 

right experts in accordance with their competence. Or a 

possible solution may be to apply certain weighting 

coefficients for evaluation of each expert. However, this 

methodology requires additional description and 

justification, which should be developed as a 

continuation in future studies of authors. 

By combining qualitative methods of risk 

assessment and modern quantitative ones, it is possible to 

achieve really excellent results. In addition, it is 

necessary to consider the implementation of the 

developed risk assessment system in the business 

processes of the company, as well as to offer an 

application toolkit in the form of an information system. 
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These are the questions that lie in the plane of our 

research, which we are going to continue within the 

framework of this topic. 
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Persian Abstract 

 چکیده 
  شده   متمركز  ی كاربرد  حل  راه  ف یتوص  بر  ق یتحق  سندگان ینو.  ردیگ   قرار  استفاده  مورد  یانرژ   صنعت  در   پروژه  یها  سكیر  جامع  یابی ارز  مسئله   كه  است  شده  شنهادیپ   مقاله  ن یا  در

  م ی كرد  شنهادیپ  ما.  شد  انتخاب   جینتا  شی آزما  یبرا  هدف  كی  عنوان  به  Mondi Syktyvkar  شركت  در   پوست  بخار  گ ید  ی نیگزی جا  یبرا  یواقع   یگذار  ه یسرما  پروژه  كی.  اند

.  ندارد   وجود  آنها  یبرا  اطالعات   نیا  كه  یخطرات  و  دارد  وجود  آنها  ی كم  یابیارز  یبرا  یآمار  و  الزم  اطالعات   كه  ییها  سكیر :  میكن  میتقس  دسته  2  به  را   پروژه  همراه  یها  سكیر

  و هیتجز مقاله سندگانینو ، مورد نیا در. است  مصلحت به كارلو مونت یساز هیشب یساز  مدل یبرا یروش از  استفاده ، اول گروه از خطرات  یكم یابیارز روش كی عنوان به

 شركت  ،  عمل  در.  است  مطالعه  یعمل  یریگ  جهت  لیدل  به  كارلو  مونت  روش  انتخاب   و  اند  داده  انجام  پروژه  خطرات   یابیارز  یبرا  موجود  یها  روش  از  یتوجه  قابل  لیتحل

  عنوان   به.  است  ساز  مشکل  كامالا   ،  رهیغ  و  ی عصب  یها  شبکه   ،  یفاز  منطق  یها  روش  ای  یواقع   یها  نه یگز  ی ها  روش  مانند  ،  یابیارز  تر  دهیچیپ  یها  روش   از  استفاده  یبرا  یواقع 

  آن  یاجرا  و  است  معمول  عمل  در  روش  نیا.  شد  انتخاب   فیتخف  نرخ  در  مهیب  حق  یبعد   محاسبه  با  كارشناس  یابیارز  روش  ،(  دوم  دسته  از) یفیك  سكیر  یابیارز  روش  كی

  اشتباه   طرح  انتخاب   خطر)  یآور  فن  و  دیتول  خطرات :  شد  مشخص  یانرژ  یها  پروژه  یخطرها   نیخطرناكتر(  یآمار)  لیتحل  و  هیتجز  جینتا  به  توجه  با.  است  آسان  یكاف  اندازه  به

  ستم یس  به  هك  حمالت   خطر)  یتیامن  خطرات   ،(  یصنعت  یمن یا  خطر  ،  یانرژ  دیتول  یطراح   تی ظرف  محاسبه  نادرست  خطر  ،  یداخل  یها  كنترل   ت یفیك  كاهش  خطر  ،  یآور  فن

( پروژه  یاقتصاد  و  یفن  یاصل  یها  شاخص  بر  آنها  ریتأث  لیتحل  و  هیتجز  اساس  بر)  خطرات   نیمهمتر  جمله  از.  كشور  خطرات   نی همچن  و(  یانرژ  یها  شركت  یاطالعات  یها

 روش   و  گرفت  قرار  استفاده  مورد  یواقع   پروژه  كی  در  مطالعه  نیا  جینتا.  دالر  ارز  نرخ  ادیز  نوسان  خطر  ،(  سوخت)  شده  یداریخر   گاز  یبرا  متیق  شیافزا  خطر:  از  عبارتند

 .شد اجرا  Mondi Syktyvkar شركت  پروژه یها تیفعال در  سكیر یابیارز
 


