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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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MATEMATHUYHA MO/JEJIb OUHIHKHW PU3UKIB J1JIs1 TIPOEKTIB
BUPOBHUIITBA BIOJU3EJIIO B CLLIbCbKOMY T'OCHOJAPCTBI YKPATHU

AHoTanig. OnHUM 13 TPEHAIB PO3BUTKY PHHKY aJbTEPHATUBHOIO MOTOPHOIO MAJbHOTO €
BUPOOHUITBO 1 BUKOPUCTaHHs OlomalibHOTO, 30KpeMa Oionusento. bioauszens BITUM3HSHI arpapii
BUKOPUCTOBYIOTh B OCHOBHOMY BJIAaCHOTO BUPOOHHUITBA. 3a3HAU€HA CUTYALlisl CTOCY€EThCS, IepIl 3a
BCE, BIJICYTHOCTI €IMHOTO CTaHIAPTy (HOPMATHUBY) Ha TEXHOJIOTiI0 BUPOOHUITBA 010/IM3ENI0 i HE
3aKpiuieHa KOAHUM HOPMAaTHBHO-IIPABOBUM aKTOM B YKpaiHi. B ymMoBax (yHKIIIOHYBaHHSI pUHKY
CLIbCHKOTOCTIONAPChKI BHUPOOHUKHM 3IIITOBXYIOTHCS 3 PI3SHUMU YMHHUKAMH PH3HUKY, 30KpeMa
HECTaOUIBHICTh I[IH HA TaJIbHO-MACTWUJIBHI MaTepiaja, MOHOTOJI3AIlS OKPEeMHUX PETIOHIB YU
CerMEHTIB PUHKY TpeljepamH, HU3bKa SKICTh HNAJBHOTO TOINO. YMOBH BUPOOHUITBA 010AM3EIIO,
3a3BUYaid, SK W IHIOI BUAM EKOHOMIYHOI MJISUIBHOCTI, MOTPeOYyIOTh CTBOPEHHSI YW 3ayyeHHS
TPYAOBUX, (DIHAHCOBUX 1 MaTepiaibHUX PECypciB, IO TAKOXX BIUIMBAE HA 3MiHY PIBHS PHU3HKY.
3a3HaueHl npoOjeMu MOKHA pO3B’SI3aTH LUIIXOM NPUCTOCYBAaHHSA M YJOCKOHAJEHHS YMHHOTO
MaTeMaTUYHOrO amapatry [0 OI[IHKM pPHU3HMKIB JUId TPOEKTIB BUPOOHUNTBA Oi0AM3EIIO
CLTBCHKOTOCTIONAPCHKUMH  TTiApUEMCTBaMU. OCHOBHUM HOPMATHBHO-IIPABOBHUM AaKTOM, IO Ja€
MO>KJIMBICTh BU3HAYUTU Ta OIL[IHUTH PIBEHb PU3UKY, € Jep)KaBHMIA cTaHAapT Ykpainu «KepyBaHHs
pusukoM. MeToaM 3aralbHOTO OIHIOBAHHS PH3HKY», SKHHA CIyIyBaB METOIOJIOTIYHUM
dbyHIaMEHTOM TPOBEACHOr0 AOCTIIKEeHHS. MU 3amporoHyBajld BHKOPUCTOBYBATH TPU OCHOBHI
TEXHOJIOTIYHI CXeMH BHUPOOHMITBA OloAM3eNn0, a caMe: NUKIiYHAa cXemMa BUPOOHUITBA i3
3aCTOCYBaHHSIM KaTanizaTopiB; Oe3kaTaizaTopHa IUKIIYHA cXxeMa 1 baraTopeakTopHa Oe3nepepBHa
cxeMa. 3 METOI0 aHaJli3y KOKHOI 3 HaBEJCHHX CXEM MPOIOHYEMO MPOBOJIUTH aHANI3 JOIIIBHOCTI
3MIMCHEHHS 1HBECTHIIIN 3a PIBHEM iXHBOI €(DEKTUBHOCTI Ta MPUB’SI3KOKO IO PU3UKIB YIIPOBAKECHHS
IHHOBAIIfHMX  TexHojorid. Po3pobnena weroawka mependavyae OOTPyHTYBaHHS BHOOpY
TEXHOJIOTTYHOTO BapiaHTa BUPOOHUIITBA Oioau3ento. J{is BIpoBaKeHHsS BUPOOHHUIITBA O101U3EIIO,
dbopmyBaHHS Oi3HEC-TUIaHIB, OIlIHKM KPUTHYHOCTI JJIsi BHPOOHHUIITBA MOMJIMBHX 30UTKIB
3aMpONOHOBAHO AJITOPUTM PO3PaXyHKy pPH3UKIB. BHKOpHCTaHHS METOMIB BEKTOPHOI anredpu i
HEUiTKOT JIOTiKM mpu (HOpMyBaHHI MaTeMAaTUYHOI MoJeNl pPOOUTh MOXKJIMBHM  OLIHKY
BIPOT1THOCTHUX TIOKQKYHUKIB KOKHOTO PU3UKY.

Kntrouoei cnosa: 6ioansensb, pu3uKi, MaTeMaTHYHA MOJIEIb, CLTBCHKE TOCTIOIAPCTBO, OIlIHKA
PHY3HKIB, METOJIN OI[IHKUA PU3HKIB.
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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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The purpose of the article is to substantiate the choice of technological variant of biofuel
production and to develop a mathematical model for assessing the risks of investing in such
production. The mathematical model should link traditional assessments of the effectiveness of
investment with the risks of innovation.

Unsolved aspects of the problem. The existing mathematical apparatus is not perfect to
solve these problems before our study. Therefore, the mathematical model of risk assessment for
biodiesel production projects in the existing economic conditions needs to be improved.

Research results. Let’s consider the three main technological schemes of biodiesel
production. The first of them is a cyclic scheme of production with the use of catalysts. The
technological process, according to this scheme, requires simple and cheap equipment, the
requirements for the quality of raw materials are low. But, on the other hand, the share of labor
costs per liter of biodiesel and the time of one technological cycle is relatively high.

Another method of biodiesel production is the so-called catalyst-free cyclic scheme. This
method requires the use of a solvent. The more efficient the solvent is, the more efficient is the
extraction. But the use of an effective solvent also involves more stringent equipment requirements.
In addition, the use of solvent complicates the production scheme, additional equipment is required
and becomes more expensive. This method requires the use of higher quality raw materials than the
previous one.

The third scheme is the so-called multi-reactor continuous which entails harsh physical
conditions of extraction, high pressure and reaction temperature. Equipment becomes even more
expensive and more complex. The production process is continuous, the duration of the
technological cycle is short, the yield of essential oils is high.

Obviously, these three schemes are not competitive. Each scheme is needed for a certain
type of production and each will find its consumer and there is no need to analyze the
competitiveness of each of them. The point is how to choose the right scheme for a specific
consumer?

Let’s develop an algorithm of economic analysis to substantiate the choice of a specific
scheme of production. This algorithm must be convincing for the business owner or investor, to
become a leading tool for the introduction of new technologies. It should be borne in mind that
when the program of biodiesel implementation does not serve narrow corporate purposes, but, for
example, will serve the interests of the community, in Ukraine it is possible to get investment
money from international organizations for this program. In this case, the algorithm of economic
analysis must be convincing for the international investor.

Many international programs, US and EU funds are engaged into decentralization in Ukraine
today. They have founded many projects, in particular, DOBRE, PULS, U-LEAD [11; 12].
However, one needs to assess one’s own capabilities and weigh the risks to start working with them.

The main lever of the analysis of expediency of investments is an estimation of their
efficiency. One of the methods of this is the method of calculating the net present value or present
worth. As it is Net present value in English, the standard abbreviation is NPV [13]. As it is known,
NPV is calculated by the formula:

2, NCV,
NPV =) Ry (1)
=0

where in the numerator the value NCV, is net cash flow during the #-th interval of the planning

period n; R is a discount rate, taking into account the risks; 7 is the ordinal number of the planning
interval, provided that the value of 7 at the beginning of the project equals zero.

But this formula needs to be changed to be used in a broader context.

First, the biofuel project will require initial investment. Let’s denote the initial investment by
the common abbreviation /. Secondly, at the end of the project life cycle there will be equipment
that will have a certain value. Denote the liquidation value of equipment as RC.

Then formula (1) should be modified as follows:
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NPV = —I+ NCV R_C —. (2)
= {1+iy (1+1)"

But, as it was already mentioned, the biofuel project will be at risk throughout its life cycle.
These risks, obviously, can be different for different situations and different projects. In our
opinion, the statistical method should be used to assess risks. To do this, we determine the influence
of each of the risk factors on the value of the criterion of net present value.

To estimate a risky event, we use the methods of vector algebra.

We use the above-mentioned mathematical methods of risk analysis [14; 15] and introduce
the vector function of risk assessment:

9:= @(P, D), 3)
where 9: is the risk assessment vector, it can be represented by a linear matrix; P is the value of the
probability of the corresponding risk factor; 7 is a vector of consequences of the specified risk.

It should be borne in mind how the consequences of the defined risk may be different,
depending on its degree.

After determining the definite or approximate limit values of each of the set i = 1..k
parameters w;, on which it depends in the probability interval of its occurrence (obviously, on the
one hand, limited by the specified limit values of k& parameters, on the other to -o0), the value of risk
is calculated according to the normal distribution law as an integral quantity:

e [ exp (= 5 )i
19:=j e(@)dt = , )
1

Oy 21'[T

where At is the difference between the current value of 7 and its weighted average value; o, is the
variance of the value of the risk assessment vector.

Methods of correlation-regression analysis assess the significance of the impact on the
outcome of each of the probable risks.

To assess the significance of the impact of risk, in order to remove insignificant risks, we
used the algorithm of generalized OLS (the least square method) estimates [16; 17]. When using
this algorithm there was a problem of estimating the degree of autocorrelation of errors of variable
risks at the interval of their calculation. This required the development of a separate computer
program.

To form the algorithm, the factors influencing the risk should be divided into internal,
depending on the community that decides to introduce diesel biofuel production or the owner-
consumer of the loan, and external factors that do not depend on the community or the owner of the
equipment. Then it is advisable to determine the risk vector by the formula:

y:=f&,2), )

where y is the vector of the corresponding risk; X vector n of internal parameters of the specified
risk; Z is the vector m of external factors.

Obviously, most often, the vectors X,Z — are linear matrices of the corresponding scalar
quantities. We use the parameter a to indicate the weight (degree) of each risk for the project
among the entire list of probable risks for the project.

In this case, as it is known, the weight (degree) of each risk is limited to the range:

a € (0,1). (6)

When finding the criterion of present worth or net present value NPV for agricultural
production, it is characteristic that the existing risks change within certain limits of numerical
values and their change is subject to interval-symmetric estimation or, with a slight error, these risks
can be estimated as interval-symmetric values.

A characteristic feature in finding the value of the NPV criterion is that the uncertainty in
considering the risks is significant. In this case, it is advisable to use methods of fuzzy logic [18].
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When using fuzzy logic methods, the vector of the corresponding risk [18] can be
represented as:

y:= [ y(@)da, (7)
where y(a) 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 (byin, Davs Pmax)- 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 = ANPV,;n, NPV,,,, NPV,.x) namely, for our case according to the recommendations
[18]:

NPViin
- (NPVmax_NPVav) ’ (8)
where NPV, is the minimum value of the criterion of net present value in the interval of its
change under the influence of the corresponding risks; NPV, is the expected average value of the
criterion of the net present value; NPV, .« 1s 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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