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COMPREHENSIVE STUDY OF THE FEASIBILITY CRITERIA FOR BIODIESEL PRODUCTION
BASED ON FARMING ENTERPRISES

Vadym RYABOSHAPKA, Candidate of Technical Sciences, Senior Lecturer
Vinnytsia National Agrarian University

PABOIIAIIKA Bagum bopucoBu4, K.T.H., CTapIInii BUKIaga4
BinHnIbKHIA HAIlIOHATHHAUN arpapHAN YHIBEPCUTET

The relevance of biodiesel fuel production based on farm enterprises is highlighted. A cost analysis
for biodiesel fuel production has been conducted, demonstrating the feasibility of manufacturing it using self-
produced raw materials obtained from oilseed crops grown on farms. To assess the efficiency and feasibility
of oilseed production and its derived products, three business models of implementation are proposed:
rapeseed cultivation and sale of its seeds at market prices, single-stage processing of rapeseed seeds into
edible oil, and two-stage processing of rapeseed seeds into biodiesel fuel. Economic indicators such as
production cost, profit, profitability, and margin are calculated depending on the chosen model, based on
which the feasibility of rapeseed realization through one of the three pathways is justified. A strategy for
implementing rapeseed or its products, including biodiesel fuel, is proposed, prioritizing the business model
that maximizes profit. Conditions for applying each business model are also considered, not only from the
perspective of maximizing profit but also for parallel use of two or all three implementation models of rapeseed
seeds. Graphical dependencies of profitability and marginality on profit for all three models are constructed,
delineating zones of feasibility for applying a particular business model depending on market prices for the
respective products. The feasibility of the two-stage processing of rapeseed seeds into biodiesel fuel, which
can compete with petroleum-based diesel fuel in the liquid fuel market, has been demonstrated. This scientific
paper presents the results of the initiative research project 0122U002187.

To further enhance the practical applicability of the proposed models, the environmental benefits of
biodiesel production were evaluated, emphasizing its role in reducing greenhouse gas emissions and
promoting sustainable agricultural practices. Additionally, the on rural development was analyzed,
demonstrating how biodiesel production can foster job creation, energy independence, and the diversification
of income sources for farming enterprises.

Key words: biodiesel fuel, rapeseed oil, rapeseed seeds, two-stage processing, production cost, single-
stage processing, profit, profitability, margin.

F. 47. Fig. 2. Tabl. 1. Ref. 15.

1. Problem formulation

The production of biofuels based on farm enterprises in Ukraine represents a promising prospect,
contributing to the energy independence of agricultural production. An example of this is the experience of
neighboring countries, particularly farmers in Poland [1].

A wealth of scientific literature provides a basis for the production and use of biodiesel fuel, as detailed
in the review presented in [2]. Additionally, studies on the economic efficiency of biodiesel fuel production,
such as those in [3, 4], demonstrate unequivocal economic benefits. Thus, there is both scientific potential and
economic justification for biodiesel fuel production.

However, the efficiency of utilizing biofuels for self-consumption or custom production by agricultural
producers using their own raw materials remains unresolved.

As of today, the production of biodiesel fuel on the basis of farms remains a promising direction of
development, especially in the conditions of the energy crisis and the increase in prices for fossil fuels. The
main advantage of this direction is the possibility of using locally grown raw materials, for example, rapeseed,
which significantly reduces logistics costs and ensures the energy independence of farms.

An analysis of market conditions shows that prices for biodiesel and rapeseed oil are increasing due to
increased demand for environmentally friendly fuels. At the same time, there is competition with traditional

Engineering, Energy, Transport AIC s licensed under a Creative Commons Attribution 4.0 International
® COMPREHENSIVE STUDY OF THE FEASIBILITY CRITERIA FOR BIODIESEL PRODUCTION BASED ON
FARMING ENTERPRISES © 2024 by Vadym RYABOSHAPKA is licensed under CC BY 4.0
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types of fuel, in particular diesel, but models of two-stage rapeseed processing show economic feasibility even
in the presence of an excise tax.

The use of three business models — rapeseed cultivation, one-stage processing into oil, and two-stage
processing into biodiesel — allows for adaptation to dynamic market conditions. For example, when the price of
biodiesel is in the range from UAH 46.81 to 49.44/1, the two-stage processing model is the most appropriate. If
the price decreases, but rapeseed oil is sold above UAH 34.82/1, it is rational to switch to the one-stage processing
model. In case of unfavorable conditions for both models, the sale of rapeseed remains a stable option.

The developed strategy emphasizes the importance of a flexible approach for farms, which allows you
to quickly respond to changes in market conditions, ensure income stability and minimize risks. At the moment,
it is important to take into account regulatory aspects (excise taxes, government support), market availability
and environmental benefits of biodiesel, which can contribute to increasing its competitiveness.

2. Analysis of recent research and publications

In the study [4], the economic efficiency of biodiesel fuel production was thoroughly analyzed through
two-stage processing of rapeseed or single-stage processing of rapeseed oil. However, market prices for both
rapeseed and rapeseed oil were used to calculate the cost of raw materials. The scientific interest within this
work lies in calculating the economic efficiency of producing biodiesel fuel from self-sourced raw materials
at their production cost.

To perform such a calculation, input data regarding the cost of raw materials for biofuel production
are required. In our case, this refers to the cost of rapeseed cultivation. Current data on this matter are provided
in an article on the "Main Agronomists’ Website" [5], according to which the upper limit of rapeseed
cultivation cost this year is 23,000 UAH/ha with a yield of 3.3 t/ha. Recalculated per ton of harvested product,
this equals 23000/3,3 = 6970 UAH/.

Using the methodology described in [4], the production cost C indicator for two-stage processing of
rapeseed (Stage | — processing oilseeds to produce vegetable oil; Stage Il — processing vegetable oil into
biodiesel fuel) is determined as follows:

_ Prm'pB (1)

mpkpc
where B,.,,, — market price of raw materials, UAH/t; pg — density of biofuel, kg/m*, mg — biofuel
yield from 1 ton of raw materials in two-stage processing, kg/t;
k, — production cost coefficient for biodiesel fuel production.
To determine the production cost of biodiesel fuel from self-sourced raw materials Cggypy11, fOrmula
(1) can be rewritten as:

_ Cm'pB
CssrmII - mB'kpc’ (2)

where C,,, — the cost of raw material cultivation, C,,, = 6970 UAH/t [5]; pg = 880 kg/m® =
880-10° kg/l [6]; mp = 450 kg/t [3]; k,. = 0,7 [4].
Substituting the values into formula (2), we get:
Com ' pg 6970-880-1073
Cosrmit =7~ k,e ~ 450:07
According to the calculation methodology [4], we calculate the added value of the first stage V4,1 Of
two-stage processing:

= 19,47 UAH/1.

Prmi M-
Varmi1 = %r 3)
where P,,,; — the price of the by-product from the first stage of processing, according to [7], for
rapeseed meal, P,,; = 10000 UAH/t; m,, — yield of obtained meal from 1 ton of oilseed, for rapeseed
m,, = 550 kg/t;
Prpi My pg  10000-550-880-107°
VArml mg 450 0,76 U /

The next step is to determine the cost price, taking into account the added value from the first stage of
processing [4]:

Ci=C—- VArpl' (4)
C1 = C—Vypm1 = 19,47 — 10,76 = 8,71 UAH/I.
The added value generated during the second stage of oilseed processing is calculated using the
methodology in [4]:
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Prg2V:pB
VArgZ = L: (5)

mp
where P,.;, —is the price of the by-product from the second stage of oilseed processing — raw unrefined
glycerine;V — is the yield of glycerine obtained per 1 ton of oilseeds, measured in liters per ton.
To determine the added value, formula (5) is slightly modified, considering the price of the by-product
(glycerine) not per liter but per kilogram, which is currently P,.;, =27 UAH/Kkg in the market [8]:
VArgZ = %ﬁ;yﬁm’ (6)
where V=45 1/t; p,, —is the density of glycerine, pg; = 1261 kg/m® = 1261 kg/I [9].
Then, substituting the values into formula (6), we have:
Prg2-V pp-py 27-45-1261-880-107°

= = 3,00 UAH/1.
Varg2 mpg 450 ’ /
The production cost of biodiesel fuel from oilseeds after the second stage of processing [4]:
C,=0C— VArgZ' (7)

UAH
Cr =Cy —Vypg2 =871 -3,00=15,71 ]
Taking into account the excise tax, the production cost of fuel made from own raw materials is
calculated as:
C3;=C, +E, (8)
where E — is the excise tax, E = 106 € per 1000 liters [10], which, according to the NBU exchange rate
[11] as of today, equals A = 4,64 UAH/I.
Substituting the values into formula (8), we obtain the final production cost of biodiesel fuel made
from rapeseed based on its cultivation cost:
C;=C,+A=571+4,64=10,35UAH/IL
To compare the price of biofuel with the market price, we use the formula provided in the cost
calculation methodology [4]:

P
Ppmax = %’ (9)

where: Pgqx — IS the maximum possible price of biodiesel fuel, in UAH/I; Py — is the market retail
price of diesel fuel, which, according to [12], is Ppr = 52,9 UAH/I; k = 1,07 — is the energy coefficient
comparing the heat of combustion of diesel fuel and biofuel from rapeseed oil [4].

Substituting the values into formula (9), we obtain:

Ppr 52,9
Pgmax = & = 107 = 49,44 UAH/1.

Further, according to the mentioned methodology, we determine the margin from the potential sale of
biofuel produced from our own raw materials:
- in absolute terms
Mg = Ppmax — Cs3, (10)
Mg = Pgmax — C3 = 49,44 — 10,35 = 39,09 UAH/;
- inrelative terms

Mj = “Emars . 1y, (11)
P C 49,44 —1035 "
Bmax ~— “3 ’ - )
Mp=—2% 2.100= ———"=-100 = 79,1 %.
B Ppmax 49,44 &
Maximum profit from 1 ton of rapeseed:
Profityay = Mi';nB, (12)

Mp-mp  39,09-450
pg  880-1073
Let us analyse the current market value of rapeseed, which according to [13], is P.qp, = 21543 UAHI.

We calculate the profit from selling rapeseed at the market price:
Profityap = Prap — Crm, (13)

Profityqp = Prap — Crm = 21543 — 6970 = 14573 UAH.
We determine the profitability of rapeseed cultivation under the market price condition
Pgp = 21543 UAH/.

Profitya, = = 19989,2 UAH.
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Profitabyg, =~ 100, (14)
_ Profiteq, 14573
Profltabmp = C— -100 = W -100 = 209,1 %.

™m
Next, let us determine the profitability of a two-stage processing of 1 ton of raw material into biofuel,
assuming the maximum possible profit from selling biofuel at a margin of M=79,1%:

Profitaby = 2L ltmaxPe . 10 (15)
C3mp
Prmax ” PB 19989,2-880-1073
P itaby = ——— = =100 =377,7 %.
rofitabs ===~ 10,35 - 450 %
By equating formulas (14) and (15), we obtain the inequality:
Profttrap . 10 < 2rofitmaxbp . 10, (16)
Crm C3mp

where the left side of the equation represents the profitability of rapeseed cultivation, Profitab,q, =
209,1%, and the right side represents the profitability of two-stage processing of raw material into biofuel
under its maximum market price condition, Profitabg = 377,7%.

Thus, equation (16) shows that with Profitab,q, = 209,1% and Profitabg = 377,7% (under the
condition of selling the produced biofuel at the maximum price), a business model with two-stage processing
of rapeseed is preferable.

This raises the question: what business model should be used if the produced biofuel is sold at a non-
maximum price? Or, at what price of biofuel would it be more profitable to sell the grown rapeseed instead of
processing it into biofuel?

We determine the minimum feasible price of biofuel that corresponds to the profit from selling the raw
material used for its production. For this, we use the general principles of forming the actual price Pg, based
on the goal of generating profit and covering costs:

Py = C3 + Profit, a7
where Profit — is the actual profit from selling biofuel produced from own raw material, UAH/liter.

Thus, the actual profit is:

Profit = Pg—Cs. (18)

On the other hand, the profit from selling rapeseed is Profit,,, = 14,573 UAH/ton. Considering the
tasks outlined above, it is necessary to equate the two profits with different units of measurement.

For this, we propose the equation:

Profit,q, = Profit%, (29)
Substituting formula (18) into expression (19):
Profityg, = (Pg—C3) - F, (20)
From formula (20), we express the biofuel price:

p, = Zftraws | ¢ 21)
B
By substituting the values into formula (21), we find the price of biofuel corresponding to the profit
from selling the raw material used for its production:
Profityap, " ps 14573-880-1073
=——+C3 = 10,35 = 38,85 UAH/1.
B mg Tl 450 + /
Thus, we obtain the optimal margin, which is the difference between the maximum market price of
biofuel and the minimum feasible price for sale:

Mopt = Ppmax — Pp» (22)
Moy = 49,44 — 38,85 = 10,59 UAH/I,
or in relative terms:

Mop: = % 100; (23)
M = FOAE 3885 o 21,4 %
opt 49 44 o

Thus, we answer the previously posed question. The margin for selling fuel made from its own raw
materials amounts to 10,59 UAH/I or 21,4%, and the price should range between 38,85 and 49,44 UAHI/I.
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Based on this, we can conclude that biodiesel fuel produced on a farm using its own raw materials can compete
with petroleum products in current market conditions.

If the market price of the produced biofuel is within the range of 38,85 to 49,44 UAH/I, it is advisable
to use the business model of the two-stage processing of rapeseed. However, if the selling price of biofuel is
38,85 UAH/I or lower, it is more reasonable to adopt a business model focusing on cultivating rapeseed and
selling it at market prices.

Let us consider another business model: the single-stage processing of rapeseed into edible oil.

We calculate the cost of single-stage processing of rapeseed from own raw materials C,,,;. For this,
we rewrite the cost formula (2) using the methodology presented in [4]:

Crmi = f;:o—ﬁif)c' (24)
where pgo — density of rapeseed oil, pro =919 kg/m® = 919102 kg/1 [14]; mg, — 0il yield from 1 ton
of raw material during single-stage processing,  mgo = 450kg/t [3]; k. — production cost coefficient for oil
manufacturing, characterizing the ratio of raw material costs to total costs for oil production, calculated based
on data from the scientific work [3], k,. = 0,9.

Substituting the data into formula (24), we obtain:

Crm*Pro 6970-919-1073
Crmi = Mpo - kpe  450-0,9

Next, to calculate the cost of single-stage processing of oilseeds, considering the sale of by-products

Cy1, We use formula (4), slightly modified:

= 15,82 UAH/L.

Cip = Crmr — VArplr (25)
Ci1 = Crpu — Varp1 = 15,82 — 10,76 = 5,06 UAH/L.

Considering the wholesale price of marketable rapeseed oil, which, according to [15], is Pgo =900 $/t,
or in national currency (based on the NBU exchange rate for today) Pro, = 39420 UAH/t, we determine the
maximum price per liter of marketable oil:

P
Promax = pLO (26)
RO
Pro 39420

P =—= = 42,89 UAH/I.

We calculate the margin from the potential sale of marketable oil made from our own raw materials
using formula (10):
- in absolute terms:
Mro = Promax — Ci1, (27)
Mo = Promax — Ci1 = 42,89 — 5,06 = 37,83 UAH/I;
- inrelative terms (based on formula (11)):

Mpo = “R2mes—it. 100 (28)
P —C 42,89 — 5,06
Mo — _Romax ™ 400=—2""_""".100 = 88,2 %.
PROmax 42'89

The maximum profit from single-stage processing of 1 ton of rapeseed into marketable oil, based on
formula (12):

Profitimay = —ROTRO. (29)
PRO
i MRO *Mpgo 37,83 - 450
Profitinax = oo =919 102 — 18523,94 UAH.
Let us determine the profitability of producing marketable oil from our own raw materials under the
condition of maximum profit from its sale with a margin Mgo = 88,2%, based on formula (15):
Profitabg, = —r2f{maxPro . 10 (30)
Ci1'mgo s
Profitimax * Pro 18523,94-919 - 10~
P itabgro = -100 = -100 = 747,63 %.
rofitabro Ciy Mro 5,06 - 450 %

We now reframe the question, but this time — which of the three business models should be used: two-
stage processing of oilseeds into biofuel, single-stage processing of oilseeds into marketable oil, cultivation,
and sale of oilseeds?

To solve this problem, we construct the following inequality:
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Profitmay > Profitynax > Profityqp. (31)

To confirm the inequality, we substitute the values:

19989,2 > 18523,94 > 14573.

As seen from the inequality, from the perspective of economic feasibility, the priority is as follows:
the business model of two-stage processing of rapeseed into biodiesel comes first, the single-stage processing
of rapeseed into edible oil ranks second, the model of cultivating and selling rapeseed is third.

Given these priorities, let us calculate the minimum feasible selling price of biofuel, taking into account
a comparison of the two processing business models: two-stage processing into biofuel and single-stage
processing into marketable oil.

Based on the formulated task, we rewrite inequality (31) without the third term:

Profitmax > Profitimax- (32)
We transform inequality (32) into an equation using formulas (20) and (29):
Profitimax = (PB_;M, (33)
We express the biofuel price from equation (33): °
Py = Profitimax PB + Ca, (34)

mp
Substituting the values into equation (34), we find:

Profitimax " P 18523,94-880- 1073
5 = o +C3 = 750 + 10,59 = 46,81 UAH/L.

Thus, we obtain the optimal margin, which is the difference between the maximum market price of
biofuel obtained through two-stage processing of rapeseed and the minimum feasible price for its sale, which
equals the maximum selling price of oil obtained through single-stage processing of rapeseed, using formulas
(22) and (23):

Mopt = Ppmax — Ps = 49,44 — 46,81 = 2,63 UAH/],
or in relative terms:

_PBmax_PB_

49,44 — 46,81
Mopt = 100 = —————

. — 0,
Py 2944 100 = 5,3 %.

Thus, the solution to the next task of comparing two-stage and single-stage processing of rapeseed into
biofuel and marketable oil is as follows. The margin for selling fuel made from our own raw materials is
2,63 UAH/I or 5,3%, and the price should range from 46,81 to 49,44 UAHI/I.

If the market price of the produced biofuel is within the range of 46,81 to 49,44 UAH/I, it is advisable
to use the business model of the two-stage processing of rapeseed into biofuel. If the selling price of biofuel is
46,81 UAH/I or lower, it is more reasonable to adopt the business model of single-stage processing of rapeseed
into marketable oil.

However, to compare all three business models of utilizing alternative fuels, it remains to compare two
more models: the single-stage processing of rapeseed into marketable oil and the model of cultivating rapeseed
and selling it at market prices.

To do this, we write inequality (31) without the first term:

Profitypax > Profit,qp. (35)
We transform inequality (35) into an equation based on equation (19), using formulas (27) and (29):
Profit,q, = Pro=Ci)mro (36)
PRO

where Py, — is the actual price of rapeseed oil.
We express the price of rapeseed oil from equation (36):

Ppp = P“’f;;ﬂ +Cpy, (37)
RO 3
Profit,qp - 14573-919 - 10~
0 = Profitrap " Pro Cy = +5,06 = 34,82 UAH/I.
Mro 450

The optimal margin, which represents the difference between the minimum feasible price for biodiesel
production Pg (and therefore the maximum price at which it becomes feasible to produce commercial oil
instead of biofuel) and the maximum price for rapeseed realization Py, is calculated using formulas (22) and
(23):

MoptRO = Promax — Pro (38)
Moptro = Promax — Pro = 42,89 — 34,82 = 8,07 UAH/],
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or in relative terms:

P max_P
MOptRO - RzROmaxRO +100 (39)
Promax — Pro 42,89 — 34,82
M = =—F 100 = 18,8 %.
oPERO PROmax 4‘2;89 ' %

Thus, the results of comparing the business models for single-stage processing of rapeseed into
commercial oil and growing rapeseed for sale at market prices are as follows. The margin for selling oil
produced from own raw materials, provided that biodiesel production becomes unfeasible, is 8,07 UAH/I or
18,8%, and the price should range from 34,82 to 42,89 UAH/I.

In this case, if the market price of the produced rapeseed oil is between 34,82 and 42,89 UAH/I, it is
advisable to apply the business model of single-stage processing of rapeseed. However, if the selling price of
biofuel is 34,82 UAH/I or lower, it is advisable to use the business model of growing and selling rapeseed at
market prices.

Finally, let's calculate the margin for selling rapeseed, modifying formulas (22) and (23) accordingly:

Mrap = Prap — Crms (40)
Myap = Prap — Crm = 21543 — 6970 = 14573 UAH/t,
or in relative terms:

Mrap = % =100 (41)
Prap = Crm 21543 — 6970
Mrap = T‘w . 100 - W " 100 = 67,6 %

3. The purpose of the article

The aim of the article is to substantiate the feasibility of manufacturing and the efficiency of using
biodiesel fuel produced from self-sourced raw materials by an agricultural producer.

4. Results of the researches

Analysis and Strategy for Maximizing Profit from Rapeseed Cultivation and Processing. Based on the
research findings, we can formulate a strategy for a farm specializing in rapeseed cultivation to maximize
profit using three business models:

- growing rapeseed and selling its seeds at market prices;

- single-stage processing of rapeseed seeds into edible oil and selling it at market prices;

- two-stage processing of rapeseed seeds into biodiesel fuel and selling it at market prices.

Conditions for Business Models.

Two-stage processing: feasible when the market price for biodiesel exceeds 46,81 UAH/I, making it
competitive with petroleum products. At the maximum biodiesel price Pgqx = 49,44 UAH/1, the maximum
possible profit is Profity., =19989,2 UAH/t, with a profitability Profitabg = 377,7%, margin
Myp: = 2,63 UAH/I, or 5.3%, and cost price C; = 10,35 UAH/1.

Single-stage processing: feasible when the market price of biodiesel is 46,81 UAH/I or lower, and the
price of rapeseed oil exceeds 34,82 UAH/I. At the maximum wholesale price for rapeseed oil
Promax = 42,89 UAH/I, the maximum profit is Profityn., = 18523,94 UAH/t, with a profitability
Profitabgy = 747,63%, My,:r0 = 8,07UAH/I or 18,8%, and cost price C; = 5,06 UAH/I

Rapeseed cultivation: feasible when the market price of biodiesel is 46,81 UAH/I or lower, and the
price of rapeseed oil is 34,82 UAH/I or lower. At the maximum wholesale price for rapeseed seeds
P.gp = 21543 UAH/t, the maximum profit is Profit,,, = 14,573 UAH/t, with a profitability
Profitab,q, = 209,1% or 67,6%, and cost price C,,, = 6970 UAH/t.

Calculation of Profitability-Dependence Functions. To visualize the analytical data, we construct
graphical dependencies of profitability on profit for the three business models:

- for rapeseed cultivation profitability function Profitab,q, = f (Pro f itmp);

- for single-stage processing derived profitability function Profitabg, = f(Profity);

- for the two-stage processing business model of rapeseed into biodiesel fuel
Profitabgy = f(Profit).

To calculate the function arguments, we use the following formulas:

- for the rapeseed cultivation model — formula (13).
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- forthe single-stage processing model — based on formulas (27) and (29), we derive the dependence:

Profit; = M: (42)
PRO
- for the two-stage processing model — based on formulas (10) and (12), we derive:
Profit = @. (43)
B

Constants for Formulas (13), (40), and (41):

- cost indicators C,,, = 6970 UAH/t, C;; = 5.06 UAH/I, C; = 10,35 UAH/] correspond to the
cultivation of rapeseed, production of rapeseed oil, and biodiesel production, respectively, per ton of rapeseed.

- output per ton of raw material (rapeseed) mgp, = 450 kg/t, mg = 450 kg/t for rapeseed oil and
biodiesel fuel, respectively.

- densities pgo = 919-103 kg/l, pg = 880-103 kg/1 for rapeseed oil and biodiesel fuel, respectively.

The variable parameters in formulas (13), (40), and (41) are prices: P.qp, Pro Ta Pg — respectively,
rapeseed price in UAH/t, rapeseed oil and biodiesel price in UAH/I.

To model using formulas (13), (40), and (41), we use the Microsoft Excel spreadsheet environment,
where we input constant coefficients and variable parameters.

The rapeseed price will be varied from the minimum value equal to its production cost
Prap = Cpm 6970 UAH/t to the maximum value B = Prapmax = 21543 UAH/, with a step of 100 UAHIL.

The rapeseed oil price is also changed from the minimum value equal to its production cost
Pro = Cj; = 5,06 UAH/I to the maximum value Prp = Promax = 42,89 UAH/I, with a step of 0,25 UAH/I.

The biodiesel price is changed similarly from P = C; = 10,35 UAH/I to the maximum value
Pg = Pgmax = 49,44 UAH/I, with a step of 0,25 UAH/I.

The function values Profitab,., = f(Profitmp) are calculated using formula (14), and
Profitabgo = f(Profit;), Profitabg = f(Profit) using formulas (30) and (15), respectively, replacing the
maximum profit values Profity;,,, and Profit,,,, With actual Profit; and Profit:

Profitabgy = % 100, (44)
__ Profit-pp .
Py = L8 100. (45)

Formulas (12-13), and (42-45) are recorded in the corresponding spreadsheet cells, and profit and
profitability values are calculated for three different business models as the price of the produced product
changes. A fragment of the Microsoft Excel table is presented in Table 1.

Table 1
Fragment of the calculation of economic indicators for the sale of rapeseed and its processed products in
Microsoft Excel spreadsheets

Profit Profitability Margin Price

Cost
Yield, kg/t
Density, kg/t

Rap,

UAH/t | UAH/t | UAH/t % % % % % % | UAH/t | UAH/I | UAH/I

RO, B Rap, | RO, B, Rap, | RO, B, Rap, RO, B

0o | o | 0 |00|00[00|00]|O00]00]6970]|506 |1035|6970 | [P

30 | 93 | 77 | 04|38 |14|04| 36 1470005251050 506 | 5% | 450 0,919 | Oils
130 | 215 [ 205 | 1,9 | 87 [3,9| 18| 80 |37 7100 | 550 | 10,75 | 10,35 | B, UAH/ | 450 [ 0,880 | B
230 | 338 | 332 | 33 (136633212059 7200 | 575 | 11,00

330 | 460 | 460 | 4,7 [186]8,7 |45 [1578,0] 7300 | 6,00 | 11,25

Constant parameters are entered into yellow-highlighted cells, and variable indicators into white-
highlighted cells.

Based on the resulting tabular data, graphical dependencies of profitability on profit are built for the
three proposed business models (Fig. 1).
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Fig. 1 — Dependency of profitability on profit when using three different business models for
rapeseed seed implementation:
Profitabrap — cultivation of rapeseed seeds and their sale at market prices;
— —Profitabro — single-stage processing of rapeseed seeds into commercial edible oil;
— '-Profitabe — two-stage processing of rapeseed seeds into biodiesel fuel.

As can be seen from the graphs, the profitability functions depending on profit have a clearly linear
character.

The line for the rapeseed growing business model Profitab,q, = f(Profitmp) is a solid blue line
with the smallest angle to the abscissa axis.

The line for the single-stage processing of rapeseed into marketable oil Profitabg, = f(Profit;) is
an orange dashed line with the maximum angle to the abscissa axis.

The line for the two-stage processing of rapeseed into biodiesel Profitabg = f(Profit) is a black
dash-dot line with an average angle to the abscissa axis.

The slope of the lines depends on the profitability of the model in such a way that the higher the
profitability, the steeper the slope.

The points of maximum profit are marked at the right ends of the respective lines and clearly depend
on the selling price of the corresponding products. As we can see, the highest profit is achievable using the
two-stage rapeseed processing business model for biofuel production at a price of Pz = Pgpar = 49,44 UAH/I
(the rightmost point on the dashed-dotted line). The second most profitable model is the single-stage processing
of rapeseed into commercial oil, as indicated by the rightmost point on the dotted line at
Pro = Promax = 42,89 UAH/I. The lowest profitability is achieved with the solid line, which represents the
business model of growing rapeseed and selling its seeds at market prices, at
Prap = Prapmax = 21543 UAH/t.

The leftmost points of the profitability and profit lines for all three models coincide at the graph's
origin, i.e., they are equal to zero.

Analysis of Characteristic Points. We examine other characteristic points of the profitability lines
family. From each characteristic point, perpendiculars are dropped to the axes of profit and profitability (thin
dashed lines). These lines help determine the coordinates of the characteristic points, and the digital labels of
these points correspond to the price of the respective product, which determines both profit and profitability.

Assessment of the conditions for applying models. To determine the feasibility of using a particular
business model, consider the areas bounded by lines dropped from the right ends of the lines and shade the
respective planes.

Trapezoid 1: Positioned between the end of the line Profitabg = f(Profit), which corresponds to
the maximum profit and profitability of the two-stage processing of rapeseed into biofuel, and the end of the
line Profitabgo = f(Profit;), which corresponds to the maximum profit and profitability of single-stage
processing of rapeseed into commercial oil. The lateral sides of the trapezoid correspond to the coordinates
Profit = 19989 UAH/t and Profit = 18524 UAHIt, respectively, indicating the maximum and minimally
feasible profits for the two-stage processing model. The base of the trapezoid corresponds to the difference
between these profits: A Profit = 19989 — 18524 = 1465 UAH/t. The upper side of the trapezoid is a segment
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of the line Profitabg = f(Profit), corresponding to profitability coordinates: maximum
Profitabg = 377,7% at a biofuel price of Pz = 49,44 UAH/I, and approximately Profitabg ~ 351-354% at
a price of P5 = 46,81 UAH/I. This side effectively characterizes the margin APz = 49,44 — 46,81 = 2,63 UAH/I
for the two-stage model. The shaded trapezoid characterizes the zone of feasibility for using this model.

Trapezoid 2: Positioned between the end of the line Profitabg, = f (Profit;), which corresponds to
the maximum profit and profitability of single-stage processing, and the end of the line
Profitab,q, = f (Profitmp), which corresponds to the maximum profit and profitability of growing
rapeseed and selling it at market prices. The lateral sides of this trapezoid correspond to the coordinates
Profit = 18524 UAH/t and Profit = 14573 UAH/, respectively. The base corresponds to the difference:
APgro = 18524 — 14573 = 3951 UAH/t. The upper side of the trapezoid reflects the profitability: maximum
Profitabgo = 747,6% at an oil price of Pg, = 42,89 UAH/I and approximately Profitabg, ~ 586-592% at
a price of Py, = 34,82 UAHY/I. This side characterizes the margin APy, = 42,89 — 34,82 = 8,07 UAH/I for the
single-stage model.

Isosceles Triangle: The hypotenuse of which is the line Profitab,q, = f(Profit,q,). One leg passes
through the graph's endpoint Profitab,q, = f (Prof itmp) (thin dashed line), perpendicular to the x-axis,
corresponding to the maximum profit of Profit = 14573 UAH/t. The other leg reflects the difference between
the maximum and minimum profit, which equals 0. The hypotenuse reflects the difference in profitability,
which at a price of P, = PBgpmax = 21543 UAH/t is Profitab,q, = 209,1%, and at
Profitab,qy, = 6,970 UAH/t equals 0. And the shaded area of the triangle represents the feasibility and
economic efficiency of this model.

In the graphs (see Fig. 1), we observe a somewhat paradoxical situation: the profitability line based on
profit for the single-stage processing business model (dotted line) is slightly steeper than the corresponding
line for the two-stage processing model (dashed-dotted line). This indicates greater profitability for single-
stage processing, although logically it should be the opposite since two-stage processing produces by-products
at each stage, increasing added value and reducing production costs.

This paradox is explained by the fact that after processing rapeseed oil into biofuel, the resulting product
becomes an excise-taxable commodity, which requires the enterprise to bear additional costs by paying excise tax.
This, in turn, increases the production cost (10,35 UAH/I for biofuel compared to 5,06 UAH/I for commercial oil).

Modelling a Strategy for a Rapeseed Farming Enterprise. After the harvest, the farm manager or
another responsible person should analyze pricing policies in the grain market, the oil and fat products market,
and the fuel market.

Since rapeseed farming is seasonal, we assume that the harvested products or their processed
derivatives should be sold before the next harvest, meaning the planning horizon is one year.

Based on these considerations, an annual plan for the two-stage processing of rapeseed oil into biofuel is
developed and followed under favorable fuel price conditions. If prices are unfavorable or there is insufficient
demand for biodiesel fuel and other factors prevent product realization as planned, the model should shift to
single-stage processing of rapeseed into commercial oil. If prices for both oil and fuel are unfavorable or demand
is insufficient, the model shifts to rapeseed farming and selling the seeds at market prices.

However, it should be noted that in some cases, when there is a need for rapid profit generation (to secure
working capital, settle payments with unit holders, etc.), multiple implementation models can be used simultaneously.

Profitability Analysis. Based on the graphical characteristics of profitability and profit, we see that at
a profit of Profit = 14573 UAH/, corresponding to the following product prices: P.,, = 21543 UAH/t,
Pg = 38,85 UAH/I and Py, = 34,82 UAH/I, the respective profitability figures for the business models are:
cultivation — Profitab,q, = 209,1%, two-stage processing — Profitabg = 275%, single-stage processing —
Profitabgpy = 586-592%.

Practical Applications. In this case, the priority should be the cultivation model, which involves
minimal costs for equivalent profit levels. However, if production volumes are so large that logistical,
organizational, and other factors delay the sale of rapeseed at a competitive price, the single-stage processing
model can be used simultaneously, generating two streams of profit. If even the combination of single-stage
processing and cultivation does not allow for high realization rates, the two-stage processing model can be
added to create another source of profit.

Advantages of Using Three Business Models. Employing all three rapeseed implementation models
provides significant advantages:

- accelerated working capital turnover for further business activities;
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- maximizing profits depending on market prices for rapeseed, rapeseed oil, and diesel fuel,

- adjusting and regulating product realization rates based on the logistical capabilities of the enterprise.

Margin Analysis. For margin analysis, similar calculations are performed using Microsoft Excel
spreadsheets to build graphical dependencies of margins on profits for all three business models.

To build these dependencies, the following functions are used:

- for the rapeseed cultivation and seed selling model: Profitab,,, = f(Profitmp);

- for the single-stage processing model into commercial edible oil: Profitabgy = f(Profit;);

- for the two-stage processing model into biodiesel fuel: Profitabg = f(Profit).

To calculate the function arguments, we use the same formulas as for the previous characteristics (13),
(42), and (43), and compute them in a similar manner (see Table 1).

The value of the function M,,, = f(Profit,,) is calculated using formula (41), while

Mgo = f(Profitgo) and Mg = f(Profitg) are calculated using formulas (39) and (11), with slight
modifications:

Mp, = 220~ 10, (46)
Pro
M, = 22=%. 100. (47)

B

The formulas (12-13), (41-43), and (46-47) are entered into the appropriate cells of the spreadsheet,
and the profit and margin values for the three different business models are calculated based on changes in the
price of the produced goods. A fragment of the Microsoft Excel table is shown in Table 1.

Based on the tabular data, graphical dependencies of margins on profits for the proposed three business
models are constructed (see Fig. 2).

As we can see from the graphs, the margin functions based on profit are not linear and can be described
either by a hyperbolic function, a logarithmic function, or a third-degree polynomial. The graph (see Fig. 2) is
similarly divided into shaded zones representing the feasibility of using a particular business model (as shown
in Fig. 1) and is analyzed in a similar manner.

The margin indicator serves as a key metric for planning marketing activities. As we can see from the
graph (see Fig. 2), the maximum product margin is achieved in the single-stage processing model,
Mpo = 88,2 %. The second highest margin is in the two-stage processing model, at Mgz = 79,1 %, while the
cultivation model ranks third with a margin of M,.,,, = 67,6 %.

A marketer should take this into account when developing strategies for product realization.
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Fig. 2 — Dependency of margin on profit when using three different business models for rapeseed
seed implementation:

—Murap — cultivation of rapeseed seeds and their sale at market prices;

_ _Mgro- Single-stage processing of rapeseed seeds into commercial edible oil;

—--MB — two-stage processing of rapeseed seeds into biodiesel fuel.

5. Conclusions
1. A methodology has been developed to assess the feasibility of biodiesel production at a farm
using its own raw materials. This methodology involves three conditional business models for product
implementation, using rapeseed as an example:
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- cultivation and sale of oilseeds at market prices;

- single-stage processing of oilseeds into commercial oil and its sale at wholesale market prices;

- two-stage processing of oilseeds into biodiesel and its sale at market prices for petroleum products.

2. The most profitable business model examined in this study is the two-stage processing of rapeseed
into biofuel, with a maximum profit of Profit,,,., = 19989,2 UAH/, a biofuel price of Pgz = 49,44 UAH/I, and
a production cost, taking into account by-products at each production stage, of C; = 10.35 UAH/I. This indicates
that biofuel produced from own raw materials can compete in the market with standard petroleum fuel.

3. The most profitable model in terms of profitability is the single-stage processing of rapeseed into
commercial oil, with profitability of Profitabg, = 747.6%, a wholesale oil price of Pz, = 42,89 UAH/I, and
a production cost of C;; = 5,06 UAH/I.

4. Based on the calculations, graphical dependencies of profitability and margin on profit were
constructed for all three business models. These graphs highlight the zones of feasibility for each business
model from the perspective of maximizing profit. For example: in the price range for biodiesel from 46,81 to
49,44 UAHI/I, the two-stage rapeseed processing model is recommended; in the price range for rapeseed oil
from 34,82 to 42,89 UAH/I, the single-stage processing model is preferable; when the oil price drops to
34,82 UAH/I or below, the model of cultivating and selling rapeseed at market prices should be adopted.

5. Based on the data analysis and graphical dependencies, a product implementation strategy was
proposed. This strategy involves selecting one of the three models, taking into account their priorities, to
achieve the highest possible profit. Additionally, the conditions under which the priority of models can be
violated and two or three models used simultaneously were considered.

6. A paradox was formulated in this study: the profitability of single-stage rapeseed processing is
higher than that of two-stage processing. This is even though two-stage processing generates added value
through the sale of by-products at each stage. The reason lies in the lower production cost of the single-stage
model (C;; = 5,06 UAH/I) compared to the two-stage model (Cs = 10,35 UAH/I) due to the inclusion of excise
tax in the production cost of biodiesel.
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KOMILJIEKCHE JOCJI)KEHHS KPUTEPIIB JIOHIJILHOCTI BAPOBHUIITBA
BIOAU3EJBbHOI'O NTAJIUBA HA BA3I ®EPMEPCBKUX T'OCITIOJAPCTB

Hasedena axmyanvuicmo eupobHuymea 0ioou3envbHo2o0 namuea Ha 6a3i (epmepcbKux 20Cnooapcme.
Po3spobnena oyinka cobieapmocmi 8upobHUYMEa DioOU3ETLHOLO NAUBA, 30 AKOK OOTPYHMOBAHO OOYLILHICHb 1020
BUCOMOBTIEHHA 30 YMOBU BUKOPUCIMAHHA GIACHOI CUPOBUHU, OMPUMAHOL 3 HACIHHA OMIUHUX KYIbIYD, UPOUEHUX 8
pe3yivmami pepmepcbKoi 20cno0apcbKoi OIsIbHOCH. 3anponoHo8aHo, 01 OYiHKY eqheKmMUBHOCmI ma OOYilbHOCHI
BUPOOHUYMBA OTIUHO20 HACIHHA Ma NPOOYKYil, W0 3 HbO2O BULOMOBNAEMbCA, po3iAdamu mpu OisHec-mooei
peanizayii: eupOWYSaHHs PINaKy ma npooaxicy 1020 HACIHHA 3a PUHKOBUMU YIHAMU, OOHOCMAOIHOI nepepobKu
PINakoso2o HACIHHA 6 O7lit0 OISl XapHoeux yinel ma 080CmadiliHol nepepodKu pinaKkoeoco HACIHHA 8 bioousenbhe
nanuso. llpopaxoeari maki eKOHOMIUHI NOKA3HUKU AK CODigapmiciy, npuOYmMoK, peHmabenbHiCmb ma Mapicy 6
3anexncHocmi 6i0 0OparHoi MOOe, Ha OCHOBI SIKUX ODIPYHIMOBAHO OOYLILHICMb peati3ayii PinaKy 0OHUM 13 Mpbox
UWISXE6. 3anpOnoHOBAHO cmMpamezito peanizayii pinaky uyu npooykyii, 6UeOmMOGNIeHOI 3 HbO20, 8 MOMY YUCTL U
0ioOuzenbHo20 naIuea, obuparoyy npiopumemty Oi3Hec-Mo0elb BUXO0SHU 3 VMO8 OMPUMAHHSA MAKCUMATbHOZO
npubymky. Posananymo makooic yMosu, npu saKux modice Oymu 3acmocosana ma 4y inuia 6iznec Mooens He MiNbKu 3
MIpKYBaHb OMPUMAHHS MAKCUMATILHO20 NPUOYMKY, A MAKOX4C YMOBU NAPANETbHO20 BUKOPUCIAHHS 080X AOO 6CIX
mpbox Mooenel peanizayii Hacimua pinaxy. Ilobyooseani epaiuni  3anexcnocmi  penmabdenvHoCmi  ma
MAPAHCUHATIHOCHI 8i0 NPUOYMKY OJIsL BCIX MPbOX MOOeel, SIKi NOOLIEHT HA 30HU OOYLILbHOCHE 3ACMOCYBAHHS MOT YU
iHWol Oi3Hec-MO0eni 8 3aNedCHOCHI 6I0 PUHKOBUX YIH HA GIONOGIOHY NpoOyKyit. [losedeHo OoyinbHicmb
080Ccmadilinoi nepepobku HACIHHA PINaKy 6 bioousenbie NAIUBo, sKe Modice KOHKYPYS8amu 3 HaGmosuM OU3enbHUM
nAanueoM HA PUHKY piokux nanus. B Oamiii mayxosiil npayi npedcmagieni pe3yivmamu 6UKOHAHHS THIYIamueHol
Haykoeo-0ocuionol pobomu 0122U002187.

Lna nodanvuioco niosuweHHs NPAKMUYHOI 3ACHOCOBHOCHI 3aNPONOHOBAHUX MoOenel OYno OYiHeHO
exonoeiuHi nepesazu 8UPOOHUYMEa DioOu3sens, NIOKPecausUiU 1020 Poitb Y CKOPOUEHHI UKUOI8 NAPHUKOBUX 24318 I
CAPUSIHHI CIATIUM  CLTbCOKO20CROO0APChKUM npakmukam. Kpim moeco, 6y10 npoananizogano po3gumox CilbCbKux
Mepumopiii, NPoOeMOHCMPYBasuiY, K SUPOOHUYMBO 0ioOU3eNs MOodXCce CHPUAMU CIMBOPEHHIO pPOOOUUX MiICYb,
eHepeemuYHIll He3aneXNCHOCHIE ma ousepcugixayii oxcepen 00x00y Ol CLlbCbKO20CNOOAPCHKUX NIONPUEMCING.

Knwouosi cnoea: 6ioouzenvhe nanugo, pinakosa oinis, HACIHHA pinaxy, 080cmadiliHa nepepoodxa,
cobisapmicmp, 00HOCMAdIliHA nepepodKa, NPUOYMOK, PEHMADETLHICHb, MAPHCA.
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