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THE MODEL FOR FORECASTING SALES
OF ENERGY SUPPLY SYSTEMS BASED ON RENEWABLE ENERGY SOURCES

Tetiana V. Hilorme!, Lilia V. Nakashidze?, Iryna I. Liashenko?

Building an effective model for forecasting sales of products (works, services) allows enterprises to achieve the desired level of
competitiveness. It is determined that the most relevant for industrial enterprises, engaged in the sale of energy supply systems based
on renewable energy sources, are economic and mathematical methods that take into account the seasonality factor. The purpose of the
article is to build a model for forecasting sales of energy supply systems based on renewable energy sources. The main research method
is correlation and regression analysis. The article substantiates a model for forecasting the sale of energy supply systems to economic
agents by industrial enterprises, which is based on determining the functional relationship between the seasonality factor (seasonal
component, harmonic component of the model) and the objective function of ensuring an effective time sequence of management
decisions/measures and which, unlike the existing ones, takes into account the duration of the seasonality factor, which increases
the efficiency of management decisions by optimizing the time lag between their adoption and implementation. As a conclusion, the
elasticity coefficient for energy saving costs in order to ensure the competitiveness of industrial enterprise products reaches 100 times

the value.
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Introduction. Strategic management of an enterprise
is characterized by a qualitative change in the system of
development of social relations, which allows developing
relations at a new level of interaction and creating a favour-
able business environment for the company. The object of
strategic management at enterprises is the latest technolo-
gies, particularly, energy-saving technologies based on the
use of alternative energy sources [1].

Energy supply measures as a part of the energy strat-
egy are the priority condition for the survival of an indus-
trial enterprise in the context of the implementation of
alternative energy sources, and the factor in ensuring its
competitiveness. The strategy of enterprise development
at the current stage of social development is to reduce the

external energy dependence of business entities in order to
compete in global markets. The plot of solving this priority
task is the implementation of technologies using alterna-
tive energy sources [2].

Building a model for predicting the sale of energy sup-
ply systems based on renewable energy sources to eco-
nomic agents will ensure the sustainability of industrial
enterprises in the face of turbulent changes.

Analysis of recent research and publications. Among
the current studies of the methodological platform of the
sales forecasting model, it is necessary to distinguish, first
of all, the following.

Viedienieiev V. argues that the ARIMA model and
linear regression, based on the data of previous periods,
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failed to predict the fall in the selling price [3]. Whereas
the moving average model showed the best result, because
there was no clear positive or negative trend in previous
periods [3].

Kharchenko Yu. recommends an adaptive model for
practical application, as it has the best forecast quality and the
minimum sum of squared deviations [4]. Thus, the use of the
developed economic and mathematical forecasting models
will improve the operational planning of the production of
certain types of products, as well as (after receiving new
statistical data) quickly change production plans [4].

Based on the data on the demand for sales of goods
of past periods, the time series of demand was analysed
[5]. The analysis was carried out on the basis of forecast-
ing models as a tool for analysing and determining future
demand [5]. According to the obtained result, a system was
built on the basis of which the size of the reserve ware-
house stock is optimized [5].

The authors give the conclusions about the expediency
of Microsoft Time Series algorithm application in product
sales forecasting [6]. The outcomes of practical Microsoft
Time Series algorithm leveraging proved its effectiveness
in forecasting sales based on historical data [6].

As the content analysis has shown, there are quite a few
tools for building a sales forecasting model. The most relevant
for industrial enterprises selling energy supply systems based
on renewable energy sources are economic and mathema-
tical methods that take into account the seasonality factor.

Statement of the problem. The purpose of the article
is to build a model for forecasting the sale of energy supply
systems based on renewable energy sources.

Results of the study. The calculations and results obtained
allow to build the model for forecasting product sales and cal-
culating the costs of ensuring the competitiveness of products
in the energy saving system on the basis of correlation and
regression analysis for the enterprise in Tables 1-2.

Table 1 — Initial data for building the model for forecasting product sales (factors X1-X4)
and calculating the costs of ensuring product competitiveness in the energy saving system

Ne Period Sales volume, UAH

s/n Current month 1 month later 2 months later 3 months later 4 months later
1 01/2020 498210 326135 364726 491038 409801
2 02/2020 621989 498210 326135 364726 491038
3 03/2020 742467 621989 498210 326135 364726
4 04/2020 810970 742467 621989 498210 326135
5 05/2020 941000 810970 742467 621989 498210
6 06/2020 939168 941000 810970 742467 621989
7 07/2020 1711300 939168 941000 810970 742467
8 08/2020 901613 1711300 939168 941000 810970
9 09/2020 915843 901613 1711300 939168 941000
10 10/2020 883362 915843 901613 1 711300 939168
11 10/2020 745284 883362 915843 901613 1711300
12 12/2020 729727 745284 883362 915843 901613
13 01/2021 949905 729727 745284 883362 915843

Change Y X1 X2 X3 X4

Source: author's calculations

Table 2 — Initial data for building the model for forecasting product sales
and calculating the costs of ensuring product competitiveness in the energy saving system (factors X5-X9)

N Period Sales volume, UAH CurlmltExpenses to ensure the competitiveness of services, UAH

s/n (current month) month 1 month later |2 months later | 3 months later | 4 months later
1 01/2020 498210 34875 22829 25531 34373 28686
2 02/2020 621989 43539 34875 22829 25531 34373
3 03/2020 742467 51973 43539 34875 22829 25531
4 04/2020 810970 56768 51973 43539 34875 22829
5 05/2020 941000 65870 56768 51973 43539 34875
6 06/2020 939168 65742 65870 56768 51973 43539
7 07/2020 1711300 119791 65742 65870 56768 51973
8 08/2020 901613 63113 119791 65742 65870 56768
9 09/2020 915843 64109 63113 119791 65742 65870
10 10/2020 883362 61835 64109 63113 119791 65742
11 10/2020 745284 52170 61835 64109 63113 119791
12 12/2020 729727 51081 52170 61835 64109 63113
13 01/2021 949905 66493 66493 52170 61835 64109

Change Y X5 X6 X7 X8 X9
Source: author s calculations
ISSN 1726-8699
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If the number of measurements (samples, data) at
all levels of each factor is the same, then the analysis of
variance is called uniform, otherwise uneven [7; 8]. The
results of the analysis of variance are presented in Table 3.

The results of the regression analysis are presented in
Table 4.

A retrospective test of the regression model and
the calculation of the average approximation error are
presented in Table 5.

Based on the results of testing the regression model
and calculating the average approximation error, we can
conclude that the average approximation error is 5.69%,
which is a high forecast accuracy.

Using the method of correlation and regression analysis,
a forecast model of the enterprise's sales volume is built:

Y =-10036 - 0,639X, —0,612X, —0,87X, —0,925X,, +14,268X, +
+16,978X, +11,663X, +7,901X, +8,861X, 1)

where Y is the forecasted sales volume of the company's
products, UAH; X, ... X, is the sales volume of products

by months, UAH; X ....X, is the cost of ensuring the
competitiveness of products, UAH.

This regression model is significant because the
coefficient of determination (R square) is 96.22%. This
means that the change in the dependent variable (sales in
the current month) is described by 96.22% of the variation
in the independent variables, and only 3.78%.

When evaluating the parameters of the regression
model, it was found that they are statistically significant,
since the calculated value of the Student's t-statistic
for each parameter does not fall within the critical
area of the tabulated value of the t-statistic (-1.1788;
+1.1788).

A graphical interpretation of the model for forecasting
product sales and calculating competitiveness costs is
shown in Figure 1.

It is noteworthy that sales of previous periods, in this
model, have a negative impact on product sales: the more we
sell, the more we have to spend on ensuring competitiveness
in order not to lose the gained positions [8—10].

Table 3 — Results of the analysis of variance

df SS MS F The significance of F
Regression 5,5881E+11 6,209E+10
Balance 3 2,1957E+10 8,48348663 0,052670674
Total 12 5,8076E+11 7318881106

Source: author's calculations

Table 4 — Results of the regression analysis

Regression analysis indicator Calculated value of the indicator
Multiple correlation coefficient 0,980914611
Multiple coefficient of determination 0,962193474
Normalized correlation coefficient 0,848773896
Standard error 85550,45942
Observations. 13

Source: author's calculations

Table 5 — Retrospective validation of the regression model and calculation of the average approximation error

No. s/n Period Sales of services, UAH Service sales forecast, UAH Error, %.
1 01/2020 498 210 470878 5,486
2 02/2020 621989 596361 4,120
3 03/2020 742 467 770659 3,797
4 04/2020 810970 837932 3,325
5 05/2020 941 000 986509 4,836
6 06/2020 939 168 996308 6,084
7 07/2020 1711300 1834713 7,212
8 08/2020 901 613 947878 5,131
9 09/2020 915 843 976369 6,609
10 10/2020 883 362 812038 8,074
11 10/2020 745 284 690164 7,396
12 12/2020 729 727 689434 5,522
13 01/2021 949 905 1010509 6,380

Average approximation error 5,69%

Source: author s calculations
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Figure 1 — Model for forecasting product sales and calculating the costs of ensuring the competitiveness

Source: author

's calculations

of products in the energy saving system

Table 6 — Calculation of the seasonal multiplicative model for the total sales of energy-active fencing systems
based on the use of alternative energy sources

t Month Y, U, V, V,' Y,' d', %
1 01.01.2019 397152 443515 0,895 0,960 425835 7,2%
2 01.02.2019 355256 443013 0,802 0,751 332872 6,3%
3 01.03.2019 383428 442511 0,866 0,858 379800 0,9%
4 01.04.2019 329153 442008 0,745 0,680 300728 8,6%
5 01.05.2019 319019 441506 0,723 0,623 275029 13,8%
6 01.06.2019 383043 441004 0,869 0,844 372413 2,8%
7 01.07.2019 443546 440502 1,007 1,009 444373 0,2%
8 01.08.2019 556415 440000 1,265 1,247 548538 1,4%
9 01.09.2019 573479 439498 1,305 1,325 582196 1,5%
10 01.10.2019 624951 438996 1,424 1,507 661437 5,8%
11 01.11.2019 620238 438494 1,414 1,492 654148 5,5%
12 01.12.2019 937156 437992 2,140 2,433 1065527 13,7%
13 01.01.2020 448343 437490 1,025 0,960 420050 6,3%
14 01.02.2020 306265 436988 0,701 0,751 328345 7,2%
15 01.03.2020 371049 436486 0,850 0,858 374628 1,0%
16 01.04.2020 268592 435983 0,616 0,680 296629 10,4%
17 01.05.2020 227886 435481 0,523 0,623 271276 19,0%
18 01.06.2020 356840 434979 0,820 0,844 367325 2,9%
19 01.07.2020 439111 434477 1,011 1,009 438295 0,2%
20 01.08.2020 533257 433975 1,229 1,247 541 027 1,5%
21 01.09.2020 582813 433473 1,345 1,325 574215 1,5%
22 01.10.2020 688343 432971 1,590 1,507 652359 5,2%
23 01.11.2020 678605 432469 1,569 1,492 645160 4,9%
24 01.12.2020 1177476 431967 2,726 2,433 1050870 10,8%
Average relative X X X X X X 5.8%
mistake

Notes: Parameters of the mathematical model: t is the number of the month in the population under consideration; Y, is the initial
value of sales; U, is the trend or long-term trend of sales growth (decline), the linear component of the model; V, is the difference
between actual sales and the forecast values of the linear component: V, =Y, U, necessary for calculating the seasonal component;
V', — seasonal component, harmonic component of the model, calculated for V, =Y, U, - model result, the sum of linear trend and
harmonic component forecasts, 6'— relative error of the calculated model: 6'=|Y,_Y,|: Y, expressed as a percentage.
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Y =a,-cos(m-1-7/6)+a,-cos(n-2-1/6)+ 0, -cos(n-3-1/6)+o,-cos(n-4-1/6)+

+au-cos(m-5-1/6)+ 0, -cos(n-6-1/6)+a,-cos(n-7-1/6)+a,-cos(n-8-1/6)+

+a., -cos(m-9-1/6)+a,,-cos(n-10-7/6)+a,, -cos(n-11-1/6)+a,, -cos(n-12-1/6) +
+B, -sin(w-1-¢/6)+p, -sin(n-2-¢/6)+ B, -sin(n-3-1/6)+P,(n-4-1/6)+
+B -sin(m-5-¢/6) + P -sin(n-6-1/6)+ P, -sin(n-7-¢/6)+ Py -sin(rw-8-1/6) +

+B, -sin(n-9-¢/6)+P,, -sin(n-10-¢/6)+P,, -sin(n-11-2/6)+ A-t + B.

We present the calculation of the seasonal multiplicative
model for the total sales of energy supply systems to
economic agents by industrial enterprises based on the
use of alternative energy sources (energy-active fencing
systems) (Table 6) and the sales forecast (Table 7).

Equations of the mathematical model taking into
account the seasonal factor and the general trend (2), where
A and B are the parameters of a linear trend.

For the calculated seasonal additive model for the total
sales volume of the energy-active fencing system based on
the use of alternative energy sources:

A=-1235,B=279000. According to the multiplicative
model: A=-495, B = 768300.

2

Let's analyse the spectrum of two variants of sales
models for energy-active fencing systems (Table 8).

This makes it possible to increase the efficiency of
management measures by optimizing the time lag between
their adoption and implementation.

Conclusions. Using the method of correlation and
regression analysis, a predictive model of product sales
and calculation of costs for ensuring the competitiveness
of products in the energy saving system was built on the
example of Velta PCF LLC.

Thus, another independent method of evaluation has
confirmed the rather high efficiency of the costs of ensur-
ing the competitiveness of sales of energy supply systems

Table 7 — Forecast of sales of energy-active fencing systems

t Month Y, U, \ Y,' o', %
25 01.01.2021 659527 755925 0,960 725791 10,0%
26 01.02.2021 610368 755430 0,751 567617 7,0%
27 01.03.2021 621942 754 935 0,858 647948 4,2%
28 01.04.2021 503135 754440 0,680 513297 2,0%
29 01.05.2021 513395 753945 0,623 469658 8,5%
30 01.06.2021 636283 753450 0,844 636263 0,0%
31 01.07.2021 814100 752955 1,009 759571 6,7%
32 01.08.2021 986081 752460 1,247 938074 4,9%
33 01.09.2021 871721 751965 1,325 996116 14,3%
34 01.10.2021 922232 751470 1,507 1132242 22,8%
35 01.11.2021 X 750975 1,492 1120310 X
36 01.12.2021 X 750480 2,433 1825735 X

Averz}::grer g‘rezlatlve X X X X X 8.0%

Source: author's calculations

Table 8 — Analysis of the spectrum of two variants of sales models for energy-active fencing systems
based on the use of alternative energy sources

Ne Period Additive model Multiplicative model
s/n 12/N ; B R*= o+ f; o B R*= o+ B
1 égﬁ;ﬁgdam@ntal 90036 78090 14204551820 0,205 0,172 0,072
2 |6 months. 38457 -11700 1615868515 0,087 -0,024 0,008
3 |4 months. 46281 17112 2434767623 0,105 -0,038 0,012
4 |3 months. 48776 962 2379996093 0,110 0,003 0,012
5 (27"; g‘;yr:)hs‘ 38451 7827 1539766758 0,087 0,018 0,008
6 |2 months. 43978 0 1934090138 0,100 0,000 0,010

Source: author s calculations
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to economic agents by industrial enterprises. In some ucts reaches 100 times the value (i.e., for each additional
cases, the elasticity coefficient for energy saving costs to  hryvnia spent to ensure the competitiveness of services, we
ensure the competitiveness of industrial enterprise prod-  have more than 100 UAH of additional product sales).

REFERENCES:

1. Nakashidze, L., Hilorme, T., & Nakashydze, I. (2020). Substantiating the criteria of choosing project solutions for climate
control systems based on renewable energy sources. Eastern-European Journal of Enterprise Technologies, vol. 3, Ne 3 (105),
pp. 42-50. DOI: https://doi.org/10.15587/1729-4061.2020.201527.

2. Hilorme, T., Nakashydze, L., Mazyrik, S., Gabrinets, V., Kolbunov, V., & Gomilko I. (2022). Substantiation for the selection
of parameters for ensuring electro-thermal protection of solar batteries in spacecraft power systems. Eastern-European Journal of
Enterprise Technologies, vol. 3, Ne 8 (117), pp. 17-24. DOI: https://doi.org/10.15587/1729-4061.2022.258480.

3. Viedienieiev, V. (2019). Effectiveness evaluation of the long-term forecasting models of the agricultural sector products’
sales prices in Ukraine”. Ekonomika ta derzhava, vol. 9, pp. 46—51. DOI: https://doi.org/10.32702/2306-6806.2019.9.46.

4. Kharchenko, Yu. (2021). Developing models for forecasting agricultural enterprises sales volume. Economic Scope, vol. 167,
pp. 134-139. DOI: https://doi.org/10.32782/2224-6282/167-24.

5. Khoroshun, V. V., & Naumenko, I. A. (2018). Economic-mathematical methods and models of prognostication the sup-
ply logistics of trade enterprise. Black sea economic studies, vol. 28, Ne 2, pp. 179-183. Available at: http://bses.in.ua/journals/
2018/28 2 2018/38.pdf.

6. Stepanenko, A., & Khlevniy, A. (2020). Microsoft Time Series algorithm application for sales forecasting. Computer-integrated
technologies: education, science, production, vol. 35, pp. 79-83. Available at: http://cit-journal.com.ua/index.php/cit/article/view/76.

7. Eras-Almeida, A. A., Fernandez, M., Eisman, J., Martin, J. G., Caamano, E., & Egido-Aguilera, M.A. (2019). Lessons
learned from rural electrification experiences with third generation solar home systems in latin America: Case studies in Peru,
Mexico, and Bolivia. Sustainability, vol. 11, Ne 24, 7139. DOI: https://doi.org/10.3390/su11247139.

8. Li, Q., Long, R., Chen, H., Chen, F., & Wang, J. (2020). Visualized analysis of global green buildings: Development, barriers
and future directions. Journal of Cleaner Production, vol. 245, 118775. DOI: https://doi.org/10.1016/j.jclepro.2019.118775.

9. Forouli, A., Gkonis, N., Nikas, A., Siskos, E., Doukas, H., & Tourkolias, C. (2019). Energy efficiency promotion in Greece in
light of risk: Evaluating policies as portfolio assets. Energy, vol. 170, pp. 818-831. DOLI: https://doi.org/10.1016/j.energy.2018.12.180.

10. Georgiadou, M. C. (2019). An overview of benefits and challenges of building information modelling (BIM) adoption in
UK residential projects. Construction Innovation, vol. 19, Ne 3, pp. 298-320. DOI: https://doi.org/10.1108/CI-04-2017-0030.

MOJEJIb TPOTHO3YBAHHS ITPOAAKY CUCTEM EHEPI'O3ABE3IEYEHHSA
HA OCHOBI BITHOBJ/JIIOBAJIBHUX JI’KEPEJI EHEPI'TI

TsiHa BikropiBua Iitbopme!, Jliniss BajenTuHiBu muaze?, Ipun riiBua Jlsiien
Tersina Bikto a Iinopme!, JI BaJe a Haka 3e?, Ipuna Ce a JIsmenko’

Tlobyoosa egpexmusnoi mooeni npoeHo3y8anHs npooaxicy npooyKyii (pobim, nociye) 00360a€e nionpuemMcmeam oocsemu oaxca-
HO20 Pi6HS KOHKYpeHmo30amHuocmi. Bunukae nompeba 6 pospoonenni meopemuyHux 3acao i npakmudHux pekomenoayii wooo gop-
MYBAHHS KOHYeNnyii YnpasninHs mMexHOI02IAMU eHEPe030ePediCeH s 3 0210y HA 8IONOBIOHICIb KOHYENMYaIbHUM 3ACA0dM CManlo2o
PO3BUMKY, A came OpieHmMYIOUUCy Ha Ge38y2ieyesi MmexHonoii ompumanis enepeii. Akmyanovnicmo memu 00OCHIONCEHHS 3YMOGIEHA
MUM, WO BUPIUIEHHSA NPOOIeMU eHepP2o3a0WAONCEHHA A Nepexio Ha MexHON02ll, AKI HA0amb 3102y YacmKo8o ado i YiIKom 8idi-
tumu 6I0 GUKOPUCMAHHS 2a3y MA THUI020 BUKONHO20 OP2AHIYHO20 NAIUGd, € npiopumemuumu 6 Yipaiui Ha cboeoOHi. BusnaueHo,
Wo Halbitbul aKmMyarbHUMU 015 NPOMUCTOBUX NIONPUEMCME, WO 3AUMAIOMBCA NPOOANCOM CUCEM eHep2o3abe3neueHHs. Ha OCHO8I
BIOHOBIIOBANILHUX OJICEpell eHepeii € eKOHOMIKO-MAMeMamuyHi Memoou, sIKi 6paxoeyioms gaxkmop cezonnocmi. Memoro cmammi €
noby00sa Mooeni NPocHO3y8aKHs NPOOANCY CUCHEM eHepeo3abe3nedeHtsi Ha OCHO8I 8IOHOBI0BANbHUX Odcepel enepeii. OCHOBHUM
Memooom 00Ci0HCeH s € KopenayiliHo-peepecitinutl ananis. OOIPYHMOBAHO MOOETb NPOSHO3VEAHHS NPOOAdCY CUCTheM eHepeo3abesne-
YeHHs eKOHOMIYHUM A2eHMam npoMUCIO8UMU NIONPUEMCMEAMU, 8 OCHOBY AKOT NOKAAOEHO 8USHAUEHHS (YHKYIOHATLHOT 3A1eHCHOCMI
MIDIC harkmopom ce30HHOCMI (Ce30HHA KOMNOHEHMA, 2APMOHILHA CKIA008a MOOeNi) ma Yilb06o QyHKYIE 3a0e3neuents eghekmue-
HOI' 4aco8oi nocni008HOCMI YNPABIIHCLKUX PIULeHb/3aX00i8 1 AKA, HA 8IOMIHY 8I0 ICHYIOUUX, 8PAX08YE MPUBANICMb PAKMOPA CE30H-
HOCMI, W0 NIOBUYE epeKMUBHICMb YNPABIIHCOKUX PilleHb 3a80KU ONMUMIZAYIT Yaco8020 1a2y MIdiC IX NPULHAMMAM | peanizayicro.
AK 6ucHo60K, Koeiyienm eracmuyHocmi 3a 6UMpamamu Ha eHep2030epedcerHs 3 Memolo 3a0e3neueHHs KOHKYPEeHMOCPOMOICHOC
npooyKyii npomucnosozo nionpuemcmea docseac 100-kpammnozo snavenns. [Ipakmuyune 3Ha4yents 00epicanux pe3yivmamis nouseac
6 MOMY, WO MeopemutHi ma NONOHCEHHA 008e0eHi 00 PI6HA NPAKMUYHUX PEKOMEHOAYill w000 OOIPYHMYBANHS YNPABIIHCOKUX PilUeHb
ma 3anposaoddtCer s MexHON02il eHepeo30epedtCer s Ha NPOMUCIOBUX NIONPUEMCNEAX.

Kniouogi cnosa: enepzosdepesicenns, 8ionoeniosanvii odcepena enepeii, Mooenb npoeHo3yeanHs, hakmop ce30HHOCMI, KOHKYpeH-
mo30amuicme.
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