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MATHEMATICAL RISK ASSESSMENT MODEL  
FOR BIODIESEL PRODUCTION PROJECTS IN UKRAINE AGRICULTURE 
Abstract. One of the trends in the development of the market of alternative motor fuels is 

the production and use of biofuels, biodiesel in particular. Biodiesel which is used by domestic 
farmers is mainly self-produced. The current situation is related, first of all, to the lack of a single 
standard (regulation) for biodiesel production technology and is not enshrined in any legal act in 
Ukraine. In the conditions of the market functioning, agricultural producers face various risk 
factors, in particular, instability of prices for fuels and lubricants, monopolization of certain regions 
or market segments by traders, low quality of fuel, etc. Conditions of biodiesel production, as well 
as other economic activities, usually require the creation or involvement of labor, financial and 
material resources, which also affects the change in the level of risk. These problems can be solved 
by adapting and improving the existing mathematical apparatus to risk assessment for biodiesel 
production projects by agricultural enterprises. The main legal act that allows to determine and 
assess the level of risk is the state standard of Ukraine «Risk Management. Methods of general risk 
assessment», which served as the methodological foundation of the study. We propose to use three 
main technological schemes of biodiesel production, namely: cyclic scheme of production with the 
use of catalysts; non-catalytic cyclic circuit and multi-reactor continuous circuit scheme. In order to 
analyze each of these schemes, it is proposed to analyze the feasibility of investment in terms of 
their effectiveness and tie-in to the risks of introducing innovative technologies. The developed 
methodology provides a substantiation for the choice of technological option for biodiesel 
production. An algorithm for calculating risks has been proposed for the introduction of biodiesel 
production, the preparation of business plans and the assessment of criticality of possible losses for 
the production. The use of methods of vector algebra and fuzzy logic in the formation of the 
mathematical model makes it possible to estimate the probability indicators of each risk. 

Keywords: biodiesel, risks, mathematical model, agriculture, risk assessment, risk 
assessment methods. 
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Introduction. Biodiesel in many countries around the world, including the EU and Ukraine, 
is one of the alternative types of transport fuel. Unlike other countries, domestic agricultural 
enterprises are engaged in the production of biodiesel solely to meet their own production needs, 
without focusing on market needs. 

To reduce the risks of critical dependence on fuel imports, decisions have been repeatedly 
made to increase biofuel production, including that of biodiesel. It was planned to build 20 plants 
with an annual production capacity of 5000 tons to 100000 tons of diesel biofuel. The construction 
of each such plant required the creation of infrastructure, transport hubs, elevators, agro-technical 
associations for the cultivation of raw materials with a total cost of up to 200 million euros. The 
plants had to organize the supply of raw materials from a distance of more than 150 kilometers, to 
compensate for the lack of their own resources. Lack of raw materials for biodiesel is not only a 
Ukrainian problem. The capacities of European biodiesel producers are not used to the full because 
they lack raw materials. The creation of a powerful Ukrainian biodiesel production will limit the 
capabilities of European producers, as it will reduce the supply of the necessary raw materials from 
Ukraine. Another factor against the construction of high-capacity plants in Ukraine is the need to 
sell a large amount of production waste, in particular, rapeseed meal. The sale of the large amount 
of production waste will be unprofitable due to significant transportation costs. 

The situation has changed dramatically with the adoption of the law «On Amendments to 
the Budget Code of Ukraine on the reform of inter-budgetary relations» (since 2015). According to 
this law, territorial communities must take care of their own income. If the community does not take 
control of its own income or does not introduce incentives for all types of business in its territory, 
its budget opportunities will be reduced in favor of more successful communities. So relatively 
small budget communities, i.e. rural ones, will be the most susceptible to success or failure. But it is 
these communities that have the resources — labor, raw materials, which will allow them to make a 
significant breakthrough. One of such opportunities is the production of biodiesel. 

Analysis of research and problem statement. In the state standard of Ukraine «Risk 
management. Methods of general risk assessment» [1] in paragraph 6.3 «Availability of resources 
and opportunities that may influence the choice of methods of general risk assessment» are defined. 
This paragraph explicitly indicates the actual inability for each of the risk factors listed in the 
standard not only to take into account, but at least to define with arguments and proofs a list of risks 
and their limitations for specific real circumstances. 

Attempts to accelerate the spread of risk assessment methods, which have proven their 
practical usefulness for certain sectors of the economy, their copying in other sectors have often 
been accompanied by failure, as evidenced by studies [2—6]. Transferring even the best solutions, 
technologies and production schemes from one condition to another cannot guarantee their success. 
In our opinion, this is due to the fact that different industries do not have completely similar initial 
conditions, the same set of risks and assessment of their degree, and hence-equally successful 
decision-making measures to prevent these risks using standard management schemes. 

It is impossible to take into account all the factors influencing this process for each 
implementation of a new technology [7—10]. Some risk factors may not be analyzed at all. The 
decisive risk factors for the project are often not analyzed, such as the structure and experience of 
traditional farming in the region, social and family ties of performers, their level of education and 
general technical training, mentality of management and employees, etc. For example, with regard 
to the latter factor, it is extremely important to know whether ethyl alcohol can be used as a solvent 
for the implementation of diesel biofuel technology — the so-called non-catalytic cyclic scheme. 
On the one hand, this relatively cheap solvent is not an expensive and rare chemical compound, its 
stocks can always be renewed, on the other hand, there is a question whether its excessive losses 
will lead to a violation of technology and labor discipline. 

Therefore, the aim of our study is to introduce such an algorithm for estimating these 
factors, the results of which would become the analytical basis of business plans, would introduce 
effective decision-making systems and optimal sets of management actions for successful 
implementation of new technologies for small and medium businesses in Ukraine. 
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When using fuzzy logic methods, the vector of the corresponding risk [18] can be 
represented as: 

, (7) 
where  is weight (degree) function of the corresponding risk.  

According to the representations, for the upper limit of integration let’s use a simplex, which 
is based on the so-called fuzzy triangular number b.  

The specified number is based on three significant points ( ). The use of these 
significant points is not new in the economic representation of fuzzy numbers. This technique is an 
analogy which is widely used in economics, the so-called pessimistic, average and optimistic 
variants of the studied events. 

This approach allows to move from probable events described by parameters to expected 
numbers and events. In our case, an example of this is the representation of the simplex b as a 
function of b = f( namely, for our case according to the recommendations 
[18]: 

, (8)
where  is the minimum value of the criterion of net present value in the interval of its 
change under the influence of the corresponding risks;  is the expected average value of the 
criterion of the net present value;  is the maximum value of the criterion of net present value 
in the interval of its change under the influence of the relevant set of risks [8; 18]. 

Conclusion. A method of substantiation of the choice of technological variant of biofuel 
production has been developed. It is stated that for such production it would be better to use low-
capacity productions close to rural fuel consumers and raw material suppliers. 

An algorithm for calculating risks has been proposed for the introduction of biofuel 
production, the preparation of business plans and the assessment of criticality of possible losses for 
the production. 

The developed mathematical algorithm of calculation connects the traditional estimation of 
efficiency applying the criterion of the net present value with the risks of introducing innovative 
technology. The use of the methods of vector algebra and fuzzy logic in the formation of the 
mathematical model makes it possible to estimate the probability of each risk indicator.  
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