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DEVELOPMENT OF AMETHODOLOGY FOR MODELING ENERGY SUPPLY
OF ENTERPRISES BASED ON RENEWABLE ENERGY SOURCES

We outline a potential scenario of energy consumption transition to renewables for the bakery industry of Ukraine
where the total electricity demand is satisfied by solar energy. We simulate such a transition using parametric
models combined with the Cobb-Douglas production function. We have selected 15 companies, which are ranked into
three groups using cluster analysis. Geographically, the production facilities are located in Mykolaiv, Kherson and
Zaporizhzhia regions, and the solar radiation in these territories is identical. For the three groups of bakeries in
Southern Ukraine, the SAM program calculated the key projection feasibility indicators for the transition of enter-
prises to renewable sources, considering economic indices. This enabled us to calculate the positive effects of such
transformation processes for both an enterprise and the industry as a whole.
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Introduction. One of the global challenges the
civilization faces is to provide energy supply for mankind’s
daily and industrial activities. This problem results from
the limited availability and exhaustive nature of fossil fuels
[1; 2]. At the present stage of technological development, it
is impossible to imagine the existence of a society without
the use of energy in production processes. Energy sources
can be divided into two main groups: the first includes non-
renewable energy — fossil fuels, the second one includes
renewables (solar, wind, water, etc.) [3; 4; 5]. In their turn,
state-of-the-art technologies enable significant reduction,
and in some segments, complete abandonment of fossil
fuels, replacing them with the renewables. The fact that
energy sources are replaceable provides the opportunity
to develop a theoretical justification for “structural
transformation”, which should result in a new energy
model of an economic system, in which energy supply is
based on the use of renewable energy sources.

The study of production factors and energy component,
considering different economic theories, made it possible
to consider energy as a separate factor of production, which
is included in the production cycle.

On the basis of the models of P.A. Samuelson, Cobb-
Douglas, M. Nerlov and taking into account the regularities
arising between the factors of production, the price of
energy, solar activity, adherence to the resource and energy
saving mechanism targets and environmental efficiency
of production, a parametric model of shift to renewable
energy sources for enterprises have been developed [6].

In order to develop scenarios for the implementation
of renewable energy systems in the production process
at bakeries, a mathematical model was proposed, which
involves changing the production method by switching
to full or partial self-supply of energy for the production
process.

The prediction of the main technological and economic
indicators for the solar power plant launch at enterprises
was performed using the proposed interdisciplinary
mathematical model with the help of NREL — System

Advisor Model software (SAM, Version 2017.9.5).
This approach made it possible to calculate not only the
economic effects, but also to forecast the reduction of
greenhouse gas emissions.

For the three groups of bakeries in Southern Ukraine,
the SAM program calculated the key projection feasibility
indicators for the transition of enterprises to renewable
sources, considering economic indices. This enabled us
to calculate the positive effects of such transformation
processes for both an enterprise and the industry as a whole.

The proposed calculation method can be applied to
enterprises in other industries and various geographic
regions, because it is universal.

Problem statement. The aim of the work is to
develop a methodology for modeling the energy supply
of enterprises on the basis of renewable energy sources,
taking into account economic, technological and natural
environmental components.

Materials and Methods We agree with Paul
A. Samuelson’s findings on the issue of different approaches
to managing the efficiency of renewable and non-renewable
resources: “The principles of effective management of
these two classes of resources are quite different. Effective
use of non-renewables means allocating the finite amount
of these resources over time: should we use low-cost
natural gas for this generation, or save it for the future?
On the contrary, reasonable use of renewable resources
aims at ensuring that the flow of services is efficiently
maintained ....” [7]. And this, in our opinion, explains, and
to some extend points to the further development path for
both the economy as a whole and the enterprise itself as a
structural unit of the economy.

Production functions allow to model production
processes on the basis of elementary production factors,
which makes it possible to carry out various analytical
calculations, to measure the density of connections,
to determine the efficiency of energy consumption, to
predict operating results of the enterprise, to analyze the
substitutability of elementary factors.
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In 1970, scientists D. Georgenson and M. Bruno
proposed a production function [8], which, together with
components (L, K) — labor and capital costs, according to
Douglas Solow, the cost of raw materials or energy E with
a given price Pe may be considered:

g=f|E.LK], (1)
where g is the volume of output;

E, L, K are values of energy, labor and capital consum-
ption in the production process of the enterprise [9].

It is important to understand that it is necessary to distinguish
in modeling the three major groups of technical and economic
indicators, where each group characterizes the main stages
of the solar power launch process at enterprises, specifically:

—a group of technical and economic indicators that
characterize and describe the enterprise prior to the launch
of solar technology;

— a group of technical and economic indicators relevant
to the moment of this technology launch, which belong
to the period of time, in which the organizational and
economic mechanism of implementation is in effect;

— a group of technical and economic indicators of the
enterprise at the stage upon the launch of a solar power plant.

Thus, the analysis of relationships by the above three
groups will enable to identify and determine the key
quantitative and qualitative indicators, as well as the
characteristics of each stage in the implementation process,
which will enable to offer the economic mechanism that
will lead to the achievement of the goal — by impact on
certain group factors described by technical and economic
indicators — that is: cost-effective implementation of solar
technology at enterprises.

Generation of Wpv electricity is a result of the two
groups of factors: the first includes the technological
characteristics of the equipment Ti (technological factor),
and the second — the total insolation intensity on the surface
of an installed solar power plant Ee (natural-climatic
factor), which can be expressed as follows:

Wpv=f[T,E.], 2)

The method to calculate the total intensity of insolation
includes the whole array of knowledge from different dis-
ciplines: physics, geometry, astronomy, meteorology [10].

In general, power generation by a solar power plant can
be expressed by the following functional dependence:

Wpv=f[T,N,S,a,,AK], 3)
where T, is the technological factors;

N is the natural and climatic factors;

S is the surface area of the PV modules;

o, is the tilt of the PV modules to the Earth’s surface,
depends on a season;

AK is the capital invested in solar technology.

Each functional indicator (5) individually requires
separate consideration and analysis, which is possible only
using the tools from different disciplines: engineering,
physics, the nature of knowledge and economics.

It should be noted that the enterprise’s shift to solar
energy may bring various economic results, which is
directly related to many factors: firstly, the ratio of
consumed power to generated power, secondly, the sales
of the in-house generated electricity by the company at
the “green” tariff — z.. These options are considered in the
second section of our study.

As arule, an enterprise purchases three types of energy:
power, heat and fuel, and for each type there is a price p;

equal to the tariffs in effect or the cost of energy — z,. Hence
the energy consumption of the enterprise is:
E=YEr, )
where E is the energy consumption of the enterprise in
terms of value;

E. is the quantitative indicator i of energy type.

We use the concept of environmental performance
proposed in the research work [11]. The authors of this
paper define eco-efficiency as the ratio of two components:
the cost of production, that is the monetary expression
of the production output one desires to increase, and the
environmental impact indicators to be decreased. The
production costs are formed by the products and services
manufactured. So, to determine eco-efficiency, we can
use the indicator — the ratio of the production costs to
environmental impact:

Y
Ecol. Ef = GI-;G (5)

where Y, is the volume of production;

Ecol Ef'is eco-efficiency;

GHG is the amount of greenhouse gas generated for
manufacturing of input resources used in the production
process.

Given the formulas (1-5), taking into account the costs,
the economic mechanism of enterprise’s energy supply
from renewable energy sources may be simulated as two
simplified functional systems, where (6) is the model prior
to PV introduction, and (7) is the model after PV launch:

Y, =[K.L.E]
E= ZEiT ) (6)
Ecol. Ef = —2
colEf = chG

E'=)Er

Wpv = f[Ti,N,S,a,,AK]’ Q)
Y
Ecol Ef' = —2
/ GHG'

where Y, is the production output;

K, L, E is the capital, labor and energy costs in the
production process;

E is the energy costs;

E, is the amount of energy of the i-th type;

7,1s the tariff;

Ecol Ef'is eco-efficiency;

GHG is the amount of greenhouse gas generated during
the manufacturing of input resources required for the
production process

Y’, is the product output upon the PV power plant
launch;

K' L' E'is the costs of capital, labor and energy upon
the PV power plant launch;

E’ is the energy costs upon the PV power plant launch;

E’; is the amount of energy of the i-type;

7, 1s the tariff;

E,, is the amount of PV energy generated;

T, 1s the technological factors;




70

MignpneMHMUTBO Ta iHHOBaUIl

N is the natural and climatic factors;

S is the surface area of the PV module placement;

at is the tilt of PV modules to the Earth’s surface,
depending on the season;

4K is the capital invested in PV;

Ecol Ef is the ecological efficiency after introduction
of PV,

GHG’ is the amount of greenhouse gases generated
in the production of input resources required for the
production process after the PV launch [12].

For the study of the transition to renewable energy
sources, the bread and bakery production sector —
KVED 10.71 — was selected. This choice was made upon
analyzing the industries and is based on the following.

This industry — out of the processing industries
considered by us — demonstrates the lowest energy
intensity, which means that, if the shift to renewable energy
sources is feasible for this economic segment, it will be
feasible for other industries with higher energy intensity
(power intensity) of productions.

In the period under review (2012-2016), this industry
has the largest drop in the number of enterprises in
operation and in terms of output.

The energy intensity of this industry over the period
considered was stable as compared to other industries.

The share of electricity in the energy mix supplied
for the bread production is approx. 15%, which allows to
change the production process and to switch to in-house
generated electricity with the use of renewable energy
sources.

The economic analysis into the key technical and
economic indicators was carried out for the bakeries,
and the statistical data were considered according to the
following scheme:

— Marketable products in physical terms.

— Number of enterprises.

— Electricity consumption.

— Electricity intensity.

— Energy consumption by types of energy sources.

— Energy intensity.

We have selected 15 companies. Geographically, their
production facilities are based in Mykolaiv, Kherson and
Zaporizhzhia regions. The required annual solar insolation
is available in these territories. The data were obtained
from the State Statistics Service of Ukraine [13], therefore,
it is impossible to indicate the names of these enterprises,
and therefore, all the enterprises in our study were assigned
relevant sequential numbers from 1 to 15.

Since the quantitative indicator of electricity consum-
ption by the enterprises for 2013—-2017 is necessary for the
calculation of the solar power plant for further research,
we enter this indicator for 2017 in table 1 along with L, K,
T indicators.

Table 1. Actual electricity costs for the entire output
(work performed) during the reporting period, thousand
kWh with indicators L, K, T'in 2017.

After previous analysis of endogenous Y parameter and
exogenous K, L, E parameters, Statistica software revealed
that the relationship between the variables is nonlinear. We
believe that it is advisable to use a multiplicative model in the
form of a log-linear functional regression model, which can
be presented in general in the form of equations (8) and (9).

y=af [X[e ®)

or ,
lny:lnoc+ZBklnXk+s, )

k

where y is the endogenous value;

a is the linear parameter of the static function;

X, is the endogenous (independent) variables

P, is the coefficient of elasticity;

e is the fundamental mathematical constant;

¢ is the vector of random variable.

In this model, the coefficients are interpreted as the
coefficients of elasticity, formula (10).

Table 1 — Actual electricity costs for the entire output (work performed) during the reporting period,
thousand kWh with indicators L, K, T in 2017

Grouping 2017
enterprises into subsets L K E Y
No. Group number Company name number of ths. UAH ths. kWh t
employees

1 Zaporizhzhia region 2 120 62,117 408 9,222

2 Mykolaiv region 4 19 5,334.5 304 3,364

3 Zaporizhzhia region 1 120 4,741 660 2,738

4 . Mykolaiv region 1 42 8,360 264 2,222

5 Kherson region 3 4 1,616 0 0

6 Mykolaiv region 5 1 2,928.3 = 0

7 Mykolaiv region 3 0 898 — 0

8 Zaporizhzhia region 3 10 203.6 49 448

9 I Kherson region 4 10 199.6 110 280

10 Mykolaiv region 6 7 232.8 92 42

11 Kherson region 1 10 540.3 64 588

12 Kherson region 6 5 399 32 274

13 1 Kherson region 2 3 73.2 35 9

14 Kherson region 5 0 1.7 10 0

15 Mykolaiv region 2 1 259 0 0

Source: calculated by the author
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2ef gz
de, \'y ) Olnx,

It is necessary to comment that function Y =f[K, L, E]
under study is twice differentiated, and in addition it meets
all the requirements for this class of such production
functions. We present it in the mathematical form
corresponding to formula (10), writing down explicitly in
equation 11 for the factors investigated.

Y=aK"I["E" +¢,

where Y is the volume of bakery products (t.);

o is the linear parameter of a static function;

S, is the coefficients of elasticity;

K is the capital, total value (UAH thousand);

L is the labor (average number of employees);

E is the energy (toe).

It is known that there are different econometric
approaches for estimating unknown values of a and B, for
function 3.5. We believe that in this case it is advisable
to use Statistica 10.0 software, directly embedded
modules: “Nonlinear estimation” and “Multiple nonlinear
regression”. We will create in Statistica 10.0 software
application a data table for the first group of enterprises
and carry out “Nonlinear estimation” for function (11),
entering it in the data-entry window “User Model” in the
form: Y =A0 * (L"a) * (K*b) * (E”c). Upon evaluation of
the model parameters, the production function will be as

follows:
Y = 8,188 K162 10061 0785 (12)

The estimation of the production function parameters for
the group II of enterprises showed that this method of finding
unknown quantities is incorrect for this sample, which may
be due to the number of factors. Firstly, inaccuracies in
statistical information are possible. Secondly, production
output “Y”” at medium and small enterprises, as compared to
large productions, may have other functional relationships
between the factors of production “K”, “L”, “E”. In our
opinion, in this case, there may be an increase in the work
performance related to personal entrepreneurial abilities of
the individual, which can affect both the organization of
production and its final results.

There is great likelihood that the production function
for this group of enterprises is more complex and more
statistic data are needed to determine it. Therefore, in order
to find the energy consumption indicator £ for Group II
enterprises, we have chosen an approach based on the

(11)

average specific energy consumption per unit of output,
formula 13.
2E

27
where Es, is the specific energy consumption per ton of
production;

E. is the energy consumed by the i-th enterprise;

Y, is the product output of the i-th enterprise.

As a result of the calculations for the second group
of enterprises, the enterprises of the second group use on
average 145 kg oil equivalent, which is 101.5 kg o.e. to
produce one ton of products.

As a result of the analysis for the three groups of
enterprises, we can draw the following conclusions:

— for large enterprises of the bakery industry of Ukraine
it is permissible to describe the production process with
the help of a production function, which in turn makes it
possible to find energy consumption figures with the use of
the following indicators: labor, capital and output;

—it is advisable to calculate specific energy
consumption of products for medium-sized enterprises of
the bakery industry of Ukraine using the average data for
the studied time interval;

— small enterprises of the bakery industry of Ukraine
require an ad hoc approach in every case, taking into
consideration their technological and organizational
specific features (Table 2).

Calculations of the key technical and economic indi-
cators for the potential solar power plants will be performed
using NREL — SAM software.

Figure 1 shows the results of energy flows, taking into
account in-house consumption and production.

Conclusions. The research has developed the economic
mechanism of ensuring efficient use of renewable energy
sources at enterprises and scientifically substantiated the
feasibility of enterprise transition to energy from renewable
energy sources. The study findings enable us to draw the
following conclusions:

On the basis of the models of P.A. Samuelson, Koba-
Douglas, M. Nerlov and the regularities arising between the
factors of production, price for energy sources and ecological
efficiency of production, we have developed a parametric
model for enterprise transition to renewable energy sources

E

sr

(13)

Table 2 — Determination of energy consumption by groups of bakeries in Ukraine

Groups of Volume
ps of commercial Method Correspondence Calculation of energy consumption, £
enterprises
output ¥, # per year
1
I from 950 Production function | y =g 188K %1% 061 g0.78 E = _r €
(X,KBI Lﬁz
» 2E
Il from 350 to 950 Statlstécal average Not defined E,=-
gures
2
I11 from 350 to 0 Ad hoc approach Unlikely individual approach

Source: calculated by the author
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Figure 1 — Monthly consumption and total power generation by PV solar power plant
and the resultant, developed by the author using SAM software:
1 — System AC energy; 2 — Electricity Load;
3 — Excess generation kWh credit earr

with adhering to the resource- and energy-saving goals and  renewable energy sources in Ukraine has been determined.
taking into account the environmental component. The theoretical and methodological grounds underlying

On the basis of a comprehensive analysis, the energy  the establishment of energy supply mechanism at the
consumption and energy saving status have been examined  enterprises have been reviewed based on the use of
for KVED 10.71 enterprises; the energy potential of renewable energy sources are considered.
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Tameen 1O0.B.
ITnemumym sioHose106aHOT eHepeemuKu
Hayionanvuoi akademii nayx Yxpainu

PO3POBKA METOAUKU MOAEJIOBAHHA EHEPI'O3ABE3IIEYEHHSA
HITIMPUEMCTB HA OCHOBI BIJTHOBJIIOBAHUX JIXKEPEJI EHEPTII

Hamiueno nomenyitinuii cyenapiti nepexooy CnoXCu8aHHs eHepeii 00 8i0HO8I08AHUX Odicepell eHepeii 0 Xaibonekap-
cbKoi npomuciosocmi Ykpainu, 0e 3a2aivhHa nompeba 6 eiekmpoenepeii 3a006801bHAEMbCSL 3d PAXYHOK COHAUHOL eHep-
2il. Mu mooenroemo maxuil nepexio, UKOPUCIOBYIOUL NAPAMEMPUYHT MOOENi 8 NOEOHAHHI 3 BUPOOHUYOIN (DYHKYIEI
Kob6a-/]yenaca. 3anpononosani memoouuni nioxoou 00 8UsEIEeHHA 83AEMO38 A3KI6 MidC (hakmopamu 6UpOOHUYMBEA ma
Ooicepenamu enepeii, sKi IPYHMYIOmMbCsi HA 0OYUCHEHHI KIIOYOBUX NOKA3HUKIE 05l AHANi3y eHepeoeheKmueHozo exep-
20NOCMAYAHHA MA CMOXACMUYHUX 36 SI3KI8 Midic haxmopamu supooHuymed, wo 0036011€ nooyoysamu Oitbul MmouHy
MoO0enb nepexio 00 NOHOBIIBAHUX OJicepen eHepeli. 3anponoHo8aHo hopMyBaHHI MeXaHizMy eHepeONOCMAYaHHs 3 BUKO-
PUCMANHAM BIOHOBNIOBAHUX Odicepell eHepeii Ha nionpucmcmeax. J{ocniodcents nepexody 00 GIOHOGII0BAHUX Odicepel
eHnepeaii OY110 nposedeHo Ha NPUKLAdi nionpuemcms, ki nionadaroms nio kameeopiio 10.71 sionosiono 0o Kiacugixayii
20CN00apCcbKoi disibHOCMI (8UPOOHUYMBO XN16a ma X1i600Y104HUX 8Up0OI8 3 KOPOMKUM mepmiHom 30epieanns). Ha yux
niONpUEMCMBAX eHeP2OEMHICING CIMADIIbHA NPOMALOM PO3NAHYMO20 Nepiody NOpieHAHO 3 iHwuMu eany3amvu. Yacmka
eniekmpoenepeii 6 cymiwii enepeii 6 X1ibonexapcvKux eupodHuymeax cmanosums npubauzno 15%, wo 0o3eonsc sminumu
npoyec 8UpOOHUYMEA Ma nepeumu 00 CNONCUBAHHI eleKmpoeHepeil, o 8UPoOIAEMbC 800Md, 3 BIOHOBIIOBAHUX OJice-
pern enepaii. L[ eanysb mae senuxe coyianvhe 3Ha4eHHs O HACELEHH, OCKIIbKU 8U20MOBIeHUl NPOOYKM € HeoDXiOHUM
ona orcumms noounu. Mu eubpanu 15 xomnanii, AKi KAacuikylomsvcs y mpu epynu 3a 00NOM0o2010 KIACMepHO20 aHd-
i3y, Teoepaghiuno eupobruui nomysxcnocmi posmautogarni y Muxonaiscokiti, Xepcoucokii ma 3anopizeKitl obnacmsx,
a consauna paoiayis Ha Yyux mepumopisx oOHaKosa. J[is mpvox epyn xai603a600ie nHa nieoHi Ykpainu 3a 00nomoeorn
npoepamu SAM pospaxogyeéano Ka0U08I NOKAZHUKY OOYLTbHOCTI NPOSHO3Y8ANHS NEPexody NIONPUEMCIE HA BIOHOBIO-
8aHi Oxcepend, 8pax08yYU eKOHOMIUHI nokasHuku. Lle 003601u10 Ham odUUCIUMU NO3UMUBHI egheKmu MAKUx npoyecie
mparncgopmayii K 0ist NIONPUEMCMEA, MAK I OJisl 2ALY3L 6 YLIOMY.

Knrouosi cnosa: 6ionoenrosani odxcepena enepeii, eHepeonocmaianHs, homoeileKmpuyHi COHAUHI e1eKmpoCmanyii,
Gaxmopu 8upobHUYMEaA, MeXaHI3M eHep2ONOCMAa4aHHs, Xaib00y104HI NIONPUEMCMEA.




