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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. 



 FINANCIAL AND CREDIT ACTIVITIES: PROBLEMS OF THEORY AND PRACTICE  2021 № 2 (37)

  283ISSN 2306-4994 (print); ISSN 2310-8770 (online)

The
production
production
investment

Un
solve these
biodiesel p

Res
production
technologi
requiremen
costs per li

Ano
method req
extraction.
In addition
and becom
previous on

The
conditions 
expensive 
technologi

Obv
type of p
competitiv
consumer?

Let
scheme of 
become a 
when the p
example, w
money fro
analysis m

Ma
today. The
However, o

The
efficiency.
worth. As 
NPV is cal

where in t
period n; R
interval, pr

But
Firs

the commo
that will ha

The

e purpose 
n and to de
n. The math
t with the ri
solved asp
e problems 
production p
search res

n. The first 
cal process
nts for the 
iter of biodi
other metho
quires the u
 But the use

n, the use of
mes more ex

ne. 
e third sche
of extracti
and more

cal cycle is 
viously, the

production 
veness of ea
? 
t’s develop 
f production
leading too

program of 
will serve t
m internati

must be conv
any internati
ey have fo
one needs to
e main lev
 One of the
it is Net pre
culated by t

the numerat
R is a discou
rovided that
t this formu
st, the biofu
on abbrevia
ave a certain
en formula 

of the artic
evelop a m
hematical m
isks of innov
ects of the
before our

projects in th
sults. Let’s

of them i
s, accordin
quality of r
iesel and the
od of biodi
use of a so
e of an effe
f solvent co

xpensive. Th

eme is the 
ion, high pr
e complex.

short, the y
ese three sc
and each 
ach of them

an algorith
n. This algo
ol for the in

biodiesel im
the interest
onal organi

vincing for t
ional progra
ounded man
o assess one

ver of the a
e methods o
esent value 
the formula

tor the valu
unt rate, tak
t the value o

ula needs to 
uel project w
ation I. Seco
n value. De
(1) should b

cle is to sub
mathematica
model shou
vation. 

e problem.
r study. The
he existing 

s consider 
s a cyclic 

ng to this 
raw materia
e time of on
iesel produc

olvent. The 
ctive solven

omplicates t
his method r

so-called 
ressure and
 The prod

yield of esse
chemes are 
will find 
m. The poi

hm of econ
orithm mus
ntroduction 
mplementat
ts of the co
izations for
the internati
ams, US and
ny projects
e’s own cap
analysis of 
of this is the

in English,
a: 

ue  is
king into ac
of t at the be
be changed

will require 
ondly, at th
note the liq
be modified

bstantiate th
al model fo
uld link trad

The existin
erefore, the 
economic c
the three 
scheme of 
scheme, re

als are low
ne technolog
ction is the
more effici

nt also invo
the producti
requires the

multi-reacto
d reaction te
duction pro
ential oils is

not compe
its consum
int is how 

nomic analy
t be convin
of new tec

tion does n
ommunity, 
r this progra
ional invest
d EU funds
s, in partic
pabilities an
f expedienc
e method of
, the standa

s net cash f
ccount the r
eginning of 
d to be used
initial inves

he end of th
quidation va
d as follows

he choice o
or assessing
ditional ass

ng mathem
mathemati

conditions n
main tech

f production
equires sim
. But, on th
gical cycle i
e so-called 
ient the sol

olves more s
ion scheme,
e use of hig

or continuo
emperature.
ocess is c
s high. 
etitive. Each

mer and th
to choose 

ysis to subs
ncing for th
chnologies. 

not serve na
in Ukraine
am. In this 
or. 
are engage

cular, DOB
nd weigh the
y of invest
f calculatin

ard abbrevia

,  

flow during
risks; t is th
f the project 

in a broade
stment. Let
he project li
alue of equip
: 

of technolog
g the risks 
sessments o

matical appa
ical model 
needs to be i
hnological 
n with the 
mple and c
he other ha
is relatively
catalyst-fre
lvent is, the
stringent eq
, additional 
her quality 

ous which 
. Equipmen
ontinuous, 

h scheme is
ere is no 
the right s

stantiate the
he business 

It should b
arrow corpo
 it is possi
case, the a

ed into decen
BRE, PULS
e risks to sta
tments is a
g the net pr

ation is NPV

 

g the t-th in
he ordinal n

equals zero
er context. 
’s denote th
ife cycle th
pment as RC

gical variant
of investin

of the effec

aratus is not
of risk asse
improved. 
schemes o
use of cat

cheap equip
and, the sha
y high. 
e cyclic sch
e more effi

quipment req
equipment 
raw materi

entails hars
nt becomes 

the durati

s needed fo
need to a

scheme for

e choice of
owner or i

be borne in
orate purpos
ible to get 
algorithm o

ntralization
S, U-LEAD
art working
an estimatio
resent value
V [13]. As i

 

nterval of th
number of th
o. 

he initial inv
here will be
C. 

t of biofuel
ng in such

ctiveness of

t perfect to
essment for

f biodiesel
talysts. The
pment, the

are of labor

heme. This
cient is the
quirements.
is required

als than the

sh physical
even more

ion of the

or a certain
analyze the
r a specific

f a specific
investor, to
n mind that
ses, but, for
investment
f economic

n in Ukraine
D [11; 12].
g with them.
on of their
e or present
it is known,

 (1)

he planning
he planning

vestment by
 equipment

l 
h 
f 

o 
r 

l 
e 
e 
r 

s 
e 
. 

d 
e 

l 
e 
e 

n 
e 
c 

c 
o 
t 
r 
t 
c 

e 
. 
. 
r 
t 
, 

) 

g 
g 

y 
t 



ФІНАНСОВО-КРЕДИТНА ДІЯЛЬНІСТЬ: ПРОБЛЕМИ ТЕОРІЇ І ПРАКТИКИ   2021 № 2 (37)

284 ISSN 2306-4994 (print); ISSN 2310-8770 (online)

But
These risk
opinion, th
of each of 

To 
We

the vector 

where  is
probability

It s
depending 

Aft
parameters
one hand, l
is calculate

where  i
variance of

Me
outcome of

To 
used the a
this algorit
risks at th
program. 

To 
depending 
consumer o
equipment

where  is
risk;  is th

Obv
quantities. 
among the 

In t

Wh
production
values and
can be esti

A c
considering

t, as it was 
ks, obvious
he statistical
the risk fact
estimate a r

e use the ab
function of 

s the risk as
y of the corr
should be b
on its degre

ter determin
s , on wh
limited by t
ed according

is the differ
f the value o

ethods of c
f each of th
assess the 
lgorithm of
thm there w

he interval o

form the a
on the com

of the loan,
. Then it is 

s the vector
he vector m 
viously, mo
We use th
entire list o

this case, as

hen finding
n, it is char
d their chang
mated as in
characteristi
g the risks i

already me
ly, can be 
l method sh
tors on the v
risky event,

bove-mentio
f risk assessm

ssessment v
responding r
borne in m
ee. 
ning the de

hich it depen
the specified
g to the nor

rence betwe
of the risk a
orrelation-r

he probable r
significanc

f generalize
was a proble
of their cal

algorithm, 
mmunity th
 and extern
advisable to

r of the corr
of external

ost often, th
he paramete
of probable 
s it is known

g the criteri
racteristic t
ge is subject
nterval-symm
ic feature in
is significan

ntioned, the
different f

hould be use
value of the
, we use the
oned mathem
ment: 

vector, it can
risk factor; 
ind how th

efinite or a
nds in the p
d limit valu
rmal distribu

een the curr
assessment v
regression a
risks. 
e of the im

ed OLS (the
em of estim
lculation. T

the factors 
hat decides

nal factors th
o determine

responding 
 factors. 
he vectors 
er  to ind
risks for the

n, the weigh

ion of pres
that the exi
t to interval
metric value
n finding th
nt. In this ca

e biofuel pr
for differen

ed to assess 
e criterion o
e methods o
matical met

(P, ), 
n be represe

 is a vecto
he conseque

approximate
probability 
ues of k para
ution law as

ent value o
vector.   
analysis ass

mpact of risk
e least squa

mating the de
This require

influencin
 to introdu
hat do not d
e the risk ve

, 

risk;  vec

 — are 
dicate the w
e project. 
ht (degree) o

 
sent worth 
isting risks
l-symmetric
es. 
he value of
ase, it is adv

.

roject will b
nt situation
risks. To do

of net presen
f vector alg
thods of ris

ented by a l
or of conseq
ences of th

e limit valu
interval of 

ameters, on 
s an integral

f  and its w

sess the sig

k, in order 
are method)
egree of aut
ed the deve

ng the risk 
uce diesel b
depend on th
ector by the 

ctor n of int

linear matr
weight (deg

of each risk

or net pre
 change w

c estimation

f the NPV c
visable to us

be at risk thr
ns and diffe
o this, we d
nt value. 

gebra. 
sk analysis 

inear matrix
quences of th
he defined r

ues of each
its occurren
the other to

l quantity: 

 

weighted av

gnificance 

to remove 
) estimates 
tocorrelatio

elopment of

should be 
biofuel prod
he commun
formula: 

ternal param

rices of the
gree) of eac

k is limited t

esent value 
ithin certai

n or, with a s

criterion is t
se methods 

roughout its
ferent proje
determine th

[14; 15] an

x;  is the v
he specified
risk may b

h of the se
nce (obviou
o - ), the v

verage valu

of the imp

insignifican
[16; 17]. W

on of errors 
f a separate

divided in
duction or 

nity or the ow

meters of th

e correspon
ch risk for 

to the range

NPV for a
in limits of
slight error,

that the unc
of fuzzy log

(2)

s life cycle.
cts. In our

he influence

d introduce

(3)
value of the
d risk. 
e different,

et  = 1...k
usly, on the

value of risk

(4

ue;  is the

pact on the

nt risks, we
When using

of variable
e computer

nto internal,
the owner-
wner of the

(5)

he specified

nding scalar
the project

e: 

(6)

agricultural
f numerical
, these risks

certainty in
gic [18]. 

. 
r 
e 

e 

e 

, 

k 
e 
k 

4) 

e 

e 

e 
g 
e 
r 

, 
-
e 

d 

r 
t 

l 
l 
s 

n 



 FINANCIAL AND CREDIT ACTIVITIES: PROBLEMS OF THEORY AND PRACTICE  2021 № 2 (37)

  285ISSN 2306-4994 (print); ISSN 2310-8770 (online)

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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