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Abstract

:

The proposed approach to quantitative assessment of the risk of investor’s profit in projects for the production of raw materials for bioethanol involves the implementation of eight stages. It systematically takes into account the stochastic nature of many factors that determine the amount of investments in the project, as well as the stochastic nature of the market value of raw materials. The use of the proposed approach makes it possible to obtain an accurate assessment of the level of risk of investors in projects for the production of raw materials for bioethanol, taking into account the requirements of investors. Based on the use of the developed application software, stochastic models of profit of investors in projects for the production of raw materials for wheat bioethanol and patterns of changes in their risk for the Western region of Ukraine are obtained. It is established that with the growth of the minimum expected profit of investors of projects from 10 to 70$/ton, the probability of its receipt varies from 0.89 to 0.34. According to a reasonable scale, the level of risk of making a profit by investors in projects for the production of raw materials for bioethanol from wheat varies from acceptable to high.
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1. Introduction


Currently, the world’s energy resources occupy a significant share in the cost of production of certain products and provision of services [1,2,3,4]. To make them cheaper, each of the countries of the world implements its own projects to replace traditional fuels with alternative types depending on the available natural resources. Ukraine has a significant natural potential of fertile soils, which provides the production of biological raw materials for bioethanol [5,6,7,8,9]. In particular, one of the raw materials for the production of bioethanol in Ukraine is wheat. At the same time, investor’s profit in projects for the production of raw materials for bioethanol is very important for them [5,6,10,11]. Investors’ profits depend on the changing project environment, which in turn causes risk. Potential investors in projects for the production of raw materials for wheat bioethanol at the planning stage want to know the risk of predicted profit on investments [12,13,14]. During the determining the effectiveness of investments in projects for the production of raw materials for bioethanol, it is necessary to assess this risk for a given project environment [15,16,17]. Thus, qualitative forecasting of the risk of investment in projects for the production of raw materials for bioethanol is possible on the basis of tools that take into account the stochastic project environment [15,16,17,18,19,20].



Today, many scientific works are devoted to forecasting the risk of investments in projects [18,21,22,23]. Scientific works have developed tools that are used to assess the value of projects that are implemented in different fields. However, these scientific papers are mainly based on deterministic models, that does not allow to take into account the risk. They also do not take into account the peculiarities of the project environment of projects for the production of raw materials for bioethanol. All of the above indicates that they can not be fully used to determine the risk of investor’s profit of these projects.



Some of the research results that are presented in the works [13,16,24] relate to the risk assessment of projects and their project environment. The quantitative risk assessment is the basis for determining the effectiveness of these projects [25,26,27,28]. Among these scientific works, those related to the risk assessment of projects and the project environment of agricultural production deserve special attention [1,16,29,30,31]. However, they cannot be used to predict the risk of investments in projects for the production of raw materials for bioethanol due to a number of shortcomings [5,18,32,33,34]. In particular, the authors of these scientific papers do not pay attention to the peculurities of project environment of projects for the production of raw materials for bioethanol. This makes it impossible qualitative substantiation of the risk of investor’s profits in these projects. In addition, it is not expected to forecast the risk of market conditions, which significantly affects the risk of profit of investors in projects for the production of raw materials for bioethanol.



It is proposed to use the approach that is offered in the work for quality solution the problem of assessing the risk of profit of investors in projects for the production of raw materials for bioethanol [9,16,18,35]. This approach involves simulation of projects for the production of raw materials for bioethanol, which is the basis for qualitative determination of the amount of investment in these projects, taking into account the available resources and the characteristics of their design environment. This eliminates a number of shortcomings of existing methods of assessing the risk of investor’s profits. At the same time, to take into account the stochastic market value of raw materials for bioethanol, it is proposed to use statistical data of the region where the project is implemented. The use of known methods of probability theory, as well as mathematical statistics provides a justification for models of stochastic market value of raw materials for bioethanol.



The aim of the work is to substantiate the approach and develop application software for quantitative assessment of the risk of profit of investors in projects for the production of raw materials for bioethanol.



The work should solve the following tasks:




	–

	
to propose an approach and develop applied software for quantitative assessment of the risk of profit of investors in projects for the production of raw materials for bioethanol;




	–

	
on the basis of the developed application software to quantify the risk of profit of investors in projects for the production of raw materials for bioethanol for a given project environment.










2. Theoretical Background


The proposed approach of quantitative assessment of the risk of profits of investors in projects for the production of raw materials for bioethanol eliminates the above shortcomings of existing tools. This approach involves the implementation of eight stages, which are presented as Figure 1.



In order to determine the variable costs of resources for the implementation of projects for the production of raw materials for bioethanol, a well-known simulation model is used [12]. This model represents the performance of works in these projects, taking into account the characteristics of production conditions of the project environment (field area and projected wheat yield, distance of delivery of resources for growing wheat, etc.) and predicted climatic conditions of the region (precipitation, air temperature, humidity, wind speed, etc., that determine the changing content and timing of work in projects). This stage of research provides determination of variable durations of performance of works and expenses of resources for their performance, namely, (1) need and duration of the use of equipment, (2) daily volume of performed work and duration of the use of equipment and human resources, (3) the amount of resource costs and consumables.



The obtained quantitative values of variable durations of work and resource costs for their implementation are the basis for determining the amount of investments    (   V i   )    in these projects, taking into account the available resources and the characteristics of their project environment. In particular, by performing simulation modeling of raw material production projects for bioethanol, for individual calendar years in given production conditions and with forecasting of climatic conditions, get a set of investments    (   V i   )    in these projects for the projected changing project environment. These quantitative values provide a justification for the density   f  (   V i   )    of the law of distribution of investments and determine the following indicators:




	–

	
mathematical expectation of the amount of investments in the project


  M  (   V i   )  =   ∑  j = 1  n    V  i j   ⋅  P j    ,  



(1)




where    V  i j    —the amount of investments in the project of production of raw materials for bioethanol for the j-th calendar year, $/ton;    P j   —empirical frequency of investment volumes;  j —the number of intervals of amount of investments in the project of production of raw materials for bioethanol;




	–

	
frequency of amount of investments in the project


   P j  =    m j   N  ,  



(2)




where    m j   —the frequency of hitting the volume of investments in the j-th interval; N—number of years of simulation modeling of projects of raw material production for bioethanol (sample size);




	–

	
the number of intervals of amount of investments in the project


  j = 1 + 3 , 32 lg N ,  



(3)








	–

	
variance of amount of investments in the project


  D  (   V i   )  =   ∑  j = 1  n     (  V  i j   −  V  i c   )  2  ⋅  P j    ,  



(4)




where    V  i c    —the average value of investment in the project for the j-th interval, $/ton;




	–

	
standard deviation of investment in the project


  σ  (   V i   )  =   D  (   V i   )    ,  



(5)








	–

	
coefficient of variation of investments in the project


  ν  (   V i   )  =   σ  (   V i   )    M  (   V i   )    .  



(6)













The available official statistical data of the region (official website of the State Statistics Service of Ukraine) are used to quantify the market value    (   M v   )    of wheat and substantiate its stochastic model. In need    (   Q  w j    )    of raw materials for bioethanol and its specific market value, the calculation of the market value of these raw materials for the projected j-th calendar years is performed:


   M  v j   =   ∑  k = 1  m    Q  w j   ⋅  M  v k     ,  



(7)




where    Q  w j    —the need for raw materials for bioethanol, t;    M  v k    —specific cost of  k -o wheat variety in the j-th calendar year, $/ton;  m —the number of required  k -x varieties of wheat, units.



The obtained values of the market value    (   M  v j    )    of raw materials for bioethanol for the j-th calendar years get a separate set    {   M  v j    }   .



This sample of values of market value of raw materials for bioethanol provides definition of density   f  (   M v   )    of the law of its distribution and the following characteristics:




	–

	
mathematical expectation of the market value of raw materials for bioethanol


  M  (   M v   )  =   ∑  j = 1  n    M  v j   ⋅  P j    ,  



(8)




where    M  v j    —market value of raw materials for bioethanol for the j-th calendar year, $/ton;




	–

	
dispersion of the market value of raw materials for bioethanol


  D  (   M v   )  =   ∑  j = 1  n     (  M  v j   −  M  v c   )  2  ⋅  P j    ,  



(9)




where    M  v c    —the average quantitative value of the market value of raw materials for bioethanol in the j-th calendar year, $/ton;




	–

	
standard deviation of the market value of raw materials for bioethanol


  σ  (   M v   )  =   D  (   M v   )    ,  



(10)








	–

	
coefficient of variation of the market value of raw materials for bioethanol


  ν  (   M v   )  =   σ  (   M v   )    M  (   M v   )    .  



(11)













Substantiation of the model of investor’s profits of projects of production of raw materials for bioethanol is carried out on the basis of a composition of separate normal laws of distribution [12]. In this case, the random amount of profit    (   P r   )    of investors in projects for the production of raw materials for bioethanol will also be describe by the normal distribution law. At the same time, the mathematical expectation of profit   M  (   P r   )    of investors in projects for the production of raw materials for bioethanol is determined by the formula:


  M  (   P r   )  = M  (   M v   )  − M  (   V i   )  .  



(12)







Since there is a close correlation between quantitative values    M v    ra    V i    and in the j-th calendar year with a separate value of the correlation coefficient    ( r )    [36,37], the standard deviation of investors’ profits    (   P r   )    of projects for the production of raw materials for bioethanol will be:


  σ  (   P r   )  =    σ 2   (   M v   )  +  σ 2   (   V i   )  − 2 ⋅ r ⋅ σ  (   M v   )  + σ  (   V i   )    ,  



(13)




where  r —correlation coefficient between quantitative values    M v    and    V i    in the j-th calendar year.



In this case, the density of distribution of the random profit of investors    (   P r   )    in projects for the production of raw materials for bioethanol will be


  f  (   P r   )  =  1  σ  (   P r   )  ⋅   2 π     ⋅ e x p  [  −      [   P  r j   − M  (   P r   )   ]   2    2 ⋅  σ 2   (   P r   )     ]  .  



(14)







During quantifying assessment of the risk of investor’s profits   R  (   P r   )    in projects for the production of raw materials for bioethanol, it is assumed that the risk of profit   R  (   P r   )   , given the quantitative value of profit    (   P s   )    will be


  R  (   P s  <  P r  < ∞  )  =  1  σ  (   P r   )  ⋅   2 π     ⋅    ∫   P s   ∞   e x p  [  −      [   P  r j   − M  (   P r   )   ]   2    2 ⋅  σ 2   (   P r   )     ]     d  P r  .  



(15)







Based on the Laplace function, we can get:


  R  (   P s  <  P r  < ∞  )  =  Φ o   (    ∞ − M  (   P r   )    σ  (   P r   )     )  −  Φ o   (     П з  − M  (   P r   )    σ  (   P r   )     )  .  



(16)




where    Φ o   —Laplace function, that characterizes the integral of the probability of a given profit    (   P s   )    of investors in projects for the production of raw materials for bioethanol.



Investors in projects for the production of raw materials for bioethanol will have a profit, provided—   P s  ≥ 0  . Projects that have a quantitative value of investors’ profits    P s  = 0   are break-even and have no value for investors. Provided    P s  < 0   that the project will be unprofitable and will have no value for their investors.



For quantitative evaluation of the risk of profit of investors in projects for the production of raw materials for bioethanol, use the scale of probability of loss   P  (   P l   )   . The quantitative value   P  (   P l   )    of the degree of risk of a given profit   R  (   P s   )    of project of investors determines their type of risk: (1)   P  (   P l   )  = 0 … 0.2  —minimal risk   R  (   P s   )   ; (2)   P  (   P l   )  = 0.21 … 0.4  —admissible pизик   R  (   P s   )   ; (3)   P  (   P l   )  = 0.41 … 0.6  —medium risk   R  (   P s   )   ; (4)   P  (   P l   )  = 0.61 … 0.8  —high risk   R  (   P s   )   ; (5)   P  (   P l   )  = 0.81 … 1.0  —critical risk   R  (   P s   )   .



Therefore, the proposed approach to quantitative assessment of the risk of profit of investors in projects for the production of raw materials for bioethanol involves the implementation of eight iterative stages. This approach takes into account the stochastic nature of many components that determine the amount of investment    (   V i   )    in projects for the production of raw materials for bioethanol, as well as the stochastic nature of the market value    (   M v   )    of these raw materials. It provides accurate results for the forecast of variable quantitative indicators of the risk of profit   R  (   P s   )    of investors in projects for the production of raw materials for bioethanol at a given minimum value.




3. Materials and Methods


During the research, simulation modeling of projects for the production of raw materials for bioethanol was used, that is the basis for qualitative determination of the amount of investment in these projects, taking into account the available resources and the characteristics of their project environment. To take into account the stochastic market value of raw materials for bioethanol, statistical data of the region where the project is implemented are used. Known methods of probability theory, as well as mathematical statistics have provided justification for models of stochastic market value of raw materials for bioethanol. To accelerate the quantitative assessment of the risk of profit of investors in projects for the production of raw materials for bioethanol, based on the reasonable approach application software has been developed in Python.




4. Research Results and Discussion


We assessed the risks of the project environment indicators of projects for the production of raw materials for wheat bioethanol in the conditions of farms in the Western region of Ukraine. Based on the simulation modeling of these projects, it is established that the distribution of the amount of investments is described by the normal distribution law, which has the following statistical characteristics: mathematical expectation—  M  (   V i   )  = 154 $ / ton  ; standard deviation   σ  (   V i   )  = 28 $ / ton  , coefficient of variation   ν  ( V )  = 0.18  . The analysis of statistical data for 2016–2019 made it possible to establish that the distribution of the selling price of wheat is described by the normal distribution law, which has the following statistical characteristics: mathematical expectation—  M  (   M v   )  = 206 $ / ton  ; standard deviation   σ  (   M v   )  = 45 $ / ton  , coefficient of variation   ν  (   M v   )  = 0.22  .



The theoretical curves of these distributions are given in Figure 2.



For qualitative and accelerated quantitative assessment of the risk of profits of investors in projects for the production of raw materials for bioethanol, based on the reasonable approach and the above theoretical principles developed application software in Python 3.8 (Figure 3).



The algorithm of the proposed software is based on the proposed approach (Figure 1). For the operation of the software, first of all, collection of statistical data on the state of the project environment is carried out, which are then processed according to Equations (7)–(11) and entered into the working window. These data include statistics on the market value of raw materials in the region where it is planned to implement a project for the production of agricultural raw materials for bioethanol, as well as the costs incurred for production.



To determine these costs, simulation modeling of bioethanol raw material production projects is performed, which provides substantiation of data on the variable costs of production resources and the amount of investment in the project using Equations (4)–(6).



Simulation modeling of projects for the production of raw materials for bioethanol was performed using a computer program developed at the National Research Center “Institute of Mechanization and Electrification of Agriculture” (Ukraine). First of all, for a given scale of the project and predetermined areas of fields for growing raw crops for bioethanol formed a database of initial data: a list of works for growing individual crops; characteristics of consumables (type, specific need, and cost), scope of work; beginning and duration of works; used energy resources and agricultural machinery; production rate and specific fuel consumption; and the need for performers and tariffs for their work. Thus, terms of performance of separate works are taken from technological regulations on cultivation of raw materials, and productivity of separate machine-tractor aggregates and fuel consumption from standard norms. Basic energy resources are taken into account the scale of projects. In our example, the basic energy means are accepted—a John Deere 8335R tractor with technologically compatible agricultural machines that correspond the intensive technology of raw crops production.



In addition, this computer program makes it possible to take into account the changing climatic conditions, which are presented in the form of distributions of wet and non-rainy periods of time for work. Having performed simulation modeling of projects for the production of raw materials for bioethanol, the main system functional indicators were obtained: the duration of use of energy resources and agricultural machinery; the need for energy resources and agricultural machinery; the need for performers; the need for consumables.



Based on these indicators, we calculated the statistical characteristics of the distribution of resource costs for the production of raw materials for bioethanol, taking into account the prices of equipment, consumables and salary as of 01.06.20. Based on official statistics on the value of crops in the western region of Ukraine, the quantitative values of the market value of raw materials for bioethanol and statistical indicators that characterize its variability are substantiated.



This variability is due to changes in the natural and climatic conditions of the region, which are taken into account during this modeling. Based on the specified data with use of Equations (12) and (13) the model of investor’s profit in projects for the production of raw materials for bioethanol is proved. On the basis of this model and using Equations (14)–(16), a quantitative assessment of the risk of investor’s profit in projects for the production of raw materials for bioethanol is performed.



To assess the risk of investor’s profit R(Ps) in projects for the production of raw materials for bioethanol the loss probability scale P(Ds) is used. According to this scale, an adverse event that is characterized by a condition Ps < 0 will occur at least once in the predicted period. In this case, the quantitative value of the probability of loss P(Ds) should be considered a measure of the risk of a given profit R(Ps) for investors:




	
P(Ds) = 0…0.2—minimal risk of profit R(Ps);



	
P(Ds)= 0.21…0.4—allowable risk of profit R(Ps);



	
P(Ds)= 0.41…0.6—average risk of profit R(Ps);



	
P(Ds)= 0.61…0.8—high risk of profit R(Ps);



	
P(Ds)= 0.81…1.0—critical risk of profit R(Ps).








The obtained quantitative values using known imaging methods provide a display on the PC screen results of determining the risk of profit by investors and the distribution and integrated curve of its change. The developed application software is tested for adequacy according to the Mann Utney criterion, which confirms the adequacy of the obtained forecasted indicators of risk of profit by investors of projects for the production of agricultural raw materials for bioethanol. This software is intended to evaluate projects for the production of agricultural raw materials for bioethanol at the local and regional levels.



The developed application software for quantitative assessment of the risk of profit of investors in projects for the production of raw materials for bioethanol is designed (Figure 2), using pre-justified distributions of investments    (   V i   )    in the project for the production of raw materials for bioethanol from wheat and its market value    (   M v   )    for a given project environment (Western region of Ukraine), conducting appropriate calculations and building the distribution of profits    (   P r   )    of investors in projects for the production of raw materials for bioethanol (Figure 4).



Based on the received distribution of profit of investors of projects of production of raw materials for bioethanol from wheat (Figure 4) integral curves of profit    (   P r   )    and loss    (   P l   )    for investors under the set requirements (minimum profit) are constructed (Figure 5).



Based on the conducted computer experiments the forecasted quantitative indicators of risk of investor’s profits in projects of production of raw materials for bioethanol from wheat for conditions of the Western region of Ukraine are established (Table 1).



From the received forecasted quantitative indicators of risk of investor’s profit   R  (   P s   )    in projects for production of raw materials for bioethanol from wheat for conditions of the Western region of Ukraine (Table 1) it is possible to tell that at growth of the minimum set profit of investors (from 10 to 70$/ton) of projects the probability of obtaining it is reduced from 0.89 to 0.34. Accordingly, the risk of profit by investors of these projects varies from the level of “acceptable” to the level of “high”.



The obtained results of the forecasted quantitative indicators of risk of investors’ profits   R  (   P s   )    of projects for production of raw materials for bioethanol from wheat for the conditions of the Western region of Ukraine indicate that the risk of profits by investors of these projects is variable and depends on their requirements (minimum expected investor profit). The proposed approach and the developed application software for quantitative assessment of the risk of profit of investors in projects for the production of raw materials for bioethanol provide consideration of changing components of the project environment, substantiation of stochastic models of profit of these investors and patterns of change in their risk. The developed tools are also the basis for high-quality and accelerated management decisions to assess the level of risk of investors in projects for the production of raw materials for bioethanol.



In the proposed approach and the developed application software, the indicator of quantitative risk assessment of investors in projects for the production of raw materials for bioethanol is profit. This is due to the fact that this assessment is performed at the stage of project initiation, where it is important to convince the investor of the benefits he will receive. This is the investor’s profit. However, for a qualitative assessment of the budget for the implementation of projects for the production of raw materials for bioethanol should take into account the movement of funds over time. It is advisable for this to use an indicator such as the amount of discounted cash flows (NPV), which relates to this project. This criterion should be used during planning projects for the production of raw materials for bioethanol. Therefore, further research in this area requires the development of tools for planning projects for the production of raw materials for bioethanol, which will take into account the discounted cash flows and trends in this work to change the risk of profit by investors of these projects.




5. Discussion


The proposed approach to quantitative assessment of the risk of return of investors in projects for the production of raw materials for bioethanol involves the implementation of eight stages. In contrast to the existing tools, the proposed approach systematically takes into account the stochastic nature of many factors that determine the amount of investment in the project, as well as the stochastic nature of the market value of raw materials. Taking into account these stochastic components of the design environment of projects for the production of raw materials for bioethanol allows to obtain an accurate assessment of the level of risk of investors in projects for the production of raw materials for bioethanol, taking into account the requirements of investors.



For qualitative and accelerated quantitative assessment of the risk of profits of investors in projects for the production of raw materials for bioethanol based on a sound approach and the above theoretical principles developed application software in Python 3.8 Using the developed application software for the Western region of Ukraine investors of projects from 10 to 70 $/ton the probability of receiving it varies from 0.89 to 0.34. According to a reasonable scale, the level of risk of profit by investors of projects for the production of raw materials for bioethanol from wheat varies from acceptable to high. The developed tools are the basis for high-quality and accelerated establishing management decisions to assess the level of risk of investors in projects for the production of raw materials for bioethanol.



Further research should be conducted on establishing patterns of influence of natural-climatic and production components of the project environment on the quantitative value of the risk of profit of investors in projects for the production of raw materials for bioethanol. On their basis to coordinate the configurations of projects for the production of raw materials and biofuels in different natural and climatic conditions.




6. Conclusions


The proposed approach to quantitative assessment of the risk of profit of investors in projects for the production of raw materials for bioethanol involves eight stages, which systematically take into account the stochastic nature of many factors that determine the amount of investment in the project and the stochastic nature of market value. Taking into account these stochastic components of the project environment of projects for the production of raw materials for bioethanol makes it possible to obtain an accurate assessment of the level of risk of investors in projects for the production of raw materials for bioethanol, taking into account the requirements of investors.



Using the developed application software of quantitative assessment of the risk of profit of investors in projects for the production of raw materials for bioethanol, stochastic models of profit of these investors and patterns of change in their risk for the Western region of Ukraine. Based on the research, it is established that the implementation of projects for the production of raw materials for wheat bioethanol with an increase in the minimum expected profit of investors of these projects from 10 to 70$/ton leads to a change in the probability of obtaining from 0.89 to 0.34. Simultaneously, according to a reasonable scale, the level of risk of profit by investors of these projects varies from acceptable to high.
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Figure 1. Stages of the proposed approach to quantitative assessment of the risk of profit of investors in projects for the production of raw materials for bioethanol. 
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Figure 2. Theoretical curves of the amount of investments in the project of production of raw materials for bioethanol from wheat and its market value. 
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Figure 3. Application software window for quantitative assessment of the risk of profit of investors in projects for the production of raw materials for bioethanol. 
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Figure 4. Histogram and theoretical curve of profit distribution of investors of projects of production of raw materials for bioethanol from wheat. 
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Figure 5. Integrated profit    (   P r   )    and loss    (   P l   )    curves for investors in the project of production of raw materials for bioethanol from wheat according to their requirements (minimum profit—Ps = 50$/ton). 
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Table 1. Results of determination of the forecasted quantitative indicators of risk of profit   R  (   P s   )    of investors in projects of production of raw materials for bioethanol from wheat for conditions of the Western region of Ukraine.
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Indicator

	
Project Implementation Scenario




	
1

	
2

	
3

	
4

	
5

	
6

	
7






	
Minimum profit of investor, $/ton.

	
10

	
20

	
30

	
40

	
50

	
60

	
70




	
Probability of profit of investor

	
0.89

	
0.78

	
0.67

	
0.64

	
0.53

	
0.44

	
0.34




	
Probability of loss of investor

	
0.11

	
0.22

	
0.33

	
0.36

	
0.47

	
0.56

	
0.66




	
The risk of the investor making a profit

	
admissible

	
admissible

	
medium

	
medium

	
medium

	
high

	
high
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