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TOOL FOR ASSESSING THE LEVEL OF ENERGY
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The development of the energy system in Cameroon is linked to the electricity supply and demand
market. In recent years, the place of development of small and medium-size enterprises has began
to have a significant impact on the balance of consumption. The choice of a specific scheme for the
operation of a decentralized electricity supply system for enterprises in Cameroon should be based on
objective criteria. Depending on the goals of the enterprise, this criterion can be the cost of implement-
ing the project, discounted cash income, profitability growth with a predetermined forecast horizon,
and many others. The choice of this criterion is associated with a multi — factor analysis of the goals of
the enterprise and the specifics of its functioning, and the set of possible variations of this criterion can
be conditionally designated as "Economic criteria". The article presents a tool for determining a com-
prehensive criterion for assessing the level of energy security of the decentralized power supply system
for small and medium-sized businesses in Cameroon. The tasks solved in the framework of the study
allow us to develop a system of economic management tools in energy systems. This tool can be widely
used in the development of decentralized electricity supply for small and medium-sized businesses that
are experiencing problems with the reliability of electricity supply. This will eventually create a more
sustainable system for developing this sector of the economy.A characteristic feature of determining
the key economic indicator is the dependence on the energy supply system. In one case it can only be
revenue, in the second case it can be profitability and revenue, and in the third case profit, revenue and
profitability. Perhaps a similar tool can be developed for the energy supply systems of enterprises in
other countries.
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MHCTPYMEHTAPUU OLLEHKU YPOBHA DHEPTETUYECKOW
BE3ONMACHOCTU CUCTEMbBI AELLEHTPAJIU3OBAHHOIO
SNIEKTPOCHAB)XEHUA NPEANPUATUN KAMEPYHA

Hoeukoea O.B., Huem6 bekyme C., KonHukon E.A.

CaHkT-MeTepbyprckmnii NONUTEXHUYECKUI YHUBEPCUTET MeTpa Bennkoro
CaHkT-MeTepbypr, Poccuiickas denepaums

PasButnesneprocucreMb KaMepyHa3aBUCUTOTPBIHKACIIPOCAUTTPEIOKEHUSI HABIEKTPOIHEPTHIO.
B mociennue roabl CyliecCTBEHHOE BIMSTHUE Ha OajaHC MOTPeOJeHUST HAUMHAET OKa3bIBaTh MaJIblii 1
cpenHuit 6usHec. BoiOOp KOHKpeTHON cxeMbl (PYHKIMOHUPOBAHUS JELIEHTPATM30BAaHHON CUCTEMBbI
9JIeKTPOCHAOXKeHUsT TpennpusatTuii KamepyHa moKeH MpPOU3BOAUTHCS HAa OCHOBE OOBEKTUBHOIO
Kputepusi. B 3aBUCMMOCTH OT LieJieil MpeanpusTUs JaHHBIM KPUTEPUEM MOTYT BBICTYNATh 3aTPaThl
Ha peaJn3aldio TPOeKTa, JUCKOHTUPOBAHHBIM JEHEXKHBINA JIOXOM, MPUPOCT PEHTAOCIbHOCTH C
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3alaHHBIM TOPU30HTOM TPOTHO3MPOBaHUS U Ap. BeiOOp KpuTepus: conpsizkeH ¢ MHOTO(aKTOPHBIM
aHaJIM30M 1eJiell TIpeAnpusThusi W crneuuduKkn ero (QYHKIMOHUPOBAHMSI, a COBOKYITHOCTb
BO3MOXHBIX Bapualuii JaHHOTO KPUTEpHUs] MOXKHO YCIOBHO OOO3HAYUTh KaK «3KOHOMMYECKHE
KpuTepun». B craTbe mpencTaBieHa METOIMKA OIpeAeSeHHUs] KOMIUJIEKCHOTO KPUTEepUsl OIEHKHU
YPOBHSI 2HEPreTUYECKOil 0e30MacHOCTH CHUCTEMbl ACLEHTPAIU30BAHHOIO 3JEKTPOCHAOXKEHUS
NpeAnpusTUil Majaoro u cpeaHero o6usHeca KamepyHa. B3BellleHHasi cpaBHUTEIbHAsI OLIEHKA YPOBHSI
9HEePreTUIecKoii 6€30MacHOCTU HE MOXET TPOU3BOAUTHLCS HA OCHOBE KJIACCUYECKUX METOIOB OLIEHKU.
B mnepByto odepenb, 3TO 0OYCIOBIEHO HEOOXOAMMOCTHIO HCIIOJIb30BAaHUS KaK CTaTUCTUUECKUX,
TaK M 9KCMEePTHBIX MOKa3aTesiei, BhIIEJeHHBIX B onMcaHHoi cucteme. CienoBarebHO, OTHUM U3
HauboJiee MOAXOMAIINX ISl TOCTPOSHUS METOIUKHU OLIEHKHU YPOBHS 9HEPTeTUYECKOM 0€30TacCHOCTH
SIBJISIETCS] HEUETKO-MHOXKECTBeHHBII Moaxo. JJaHHast MeToarKa A0KHaA 6a3upoBaThCsl HA CUCTEME
3KCIEPTHBIX OLIEHOK, OJHAKO, B OTIMYMU OT CTATUCTUYECKUX U SKCIEPTHBIX METOMOB OLIEHKH, OHA
JlaeT BO3MOXHOCTb YUUTHIBATh YPOBEHb HEOTPEAEIEHHOCTH MMOCPEICTBOM MCTIOIb30BaHUS (DYHKIIUI
npuHamiexxHocTu (U(x)€[0;1]) mommHOXecTBa 3alaHHOMY MHOXECTBY. PellleHHbIe B pamKax
HMCCIeOBaHMS 3aaui TTO3BOJISIOT Pa3BUTh CHCTEMY 3KOHOMMWYECKMX WHCTPYMEHTOB YITpaBJICHUS
B OHepreTuyeckux cucrtemax. JlaHHas MeTOAMKA MOXET TMOJYYUTh IIMPOKOE TPUMEHEHHWE B
CHUCTEeME€ Pa3BUTHUS ACLIEHTPAIU30BAHHOIO 3JEKTPOCHAOXKEHUS MPEANPUATUI MaJIOro M CpeaHero
Ou3Heca, MCIBITHIBAIOIINX MPOOJEeMY C HaJIeXKHOCThIO 3JIeKTPOCHAOXeHUsl. B KOHEUHOM UTOre 3TO
MO3BOJIUT CO3/1aTh 0OJiee YCTOMUMBYIO CUCTEMY Pa3BUTHUsI JAHHOTO CEKTOpa 9KOHOMUKHU. Bo3moxxHO,
QHAJIOTUYHBIM METOJOM MOXET ObITh pa3paboTaHa MeTOAWKa M JUISI CUCTEM DHEprocHalXKeHUs
MPEANPUATHI B IPYTUX CTpaHaX.

KnioueBbie  ciioBa: SHepreTuyecKast 0e30MacHOCTb, 5KOHOMMYECKUE KpUTEpUH,
NElICHTPaIM30BaHHAs CUCTeMa BJIEKTPOCHAOXEHUs, KOMIUJIEKCHBIM aHajlu3, Majible U CpelHue
MPEATNPUATHS, METOIMKA KOMITJIEKCHOM OIIEHKH, TEOPUST HEYETKIUX MHOXKECTB
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Introduction

Cameroon is currently destabilized in terms of many aspects of business infrastructure. The result
of this destabilization is an increase in the consequences of the implementation of possible risks, and,
consequently, a significant increase in the probability of suspension or complete termination of the
company's activities. Thus, the energy security of the scheme of functioning of the decentralized power
supply system (DPSS) of enterprises is no less significant than the economic effect of its implementation.
However, at the moment, there is no universal criterion of energy security (ES) developed in science. This
fact is due to the fact that the specified criterion is complex and is determined by a set of many factors,
significantly differentiated depending on the object of research [2].

Purpose of research: development of a tool for a comprehensive assessment of the level of energy security
of a decentralized power supply system.

Object of research: decentralized power supply system for small and medium-sized enterprises in
Cameroon, experiencing problems of unreliability or complete absence of a centralized power supply system.

Subject of research: energy security of possible schemes for managing energy supply to enterprises.

Tasks:

1. Identify the main factors, determining the energy security of small and medium-sized businesses in
Cameroon;

2. Based on the identified factors, propose a set of indicators for assessing the energy security of small
and medium-sized businesses in Cameroon;

3. Develop a tool for determining the values and units of measurement of the proposed indicators;

4. Based on the theory of fuzzy sets to build a tool for assessing the level of energy security of the
enterprise.
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Research methods

For the purpose of developing the tool for assessing, first of all, it is necessary to determine the factors
that influence the ES of the implementation of the scheme of functioning of the DPSS of enterprises
in Cameroon. A complex analysis allowed us to identify the following macro factors that affect the ES
of energy supply systems of enterprises in Cameroon:

1. The scale of the company's activities. This factor determines the possibility of exclusively independent
energy generation [2]. In the absence of this possibility, the company is forced to cooperate with other
enterprises in the region, which significantly reduces the level of ES, due to the increment in the system
of potentially uncontrolled subjects of management decision-making. The influence of this factor can be
expressed by the following indicators:

1.1. The Ratio of the company's annual revenue to the cost of implementing the project to build a DPSS.
This indicator reflects the ability to independently ensure the implementation of the project. The vector
of impact on ES is positive. Reference designation is — I, . The units of measurement are percentages.

1.2. The Ratio of the average annual volume of working capital of the enterprise to the average annual cost
of ensuring the operation of the proposed power supply system. The mechanism of influence of this indicator
is comparable to the previous one. Vector of impact on energy security is positive. Reference designation
is — I, ,. The units of measurement are percentages.

2. The business sector of the company. This factor primarily determines the possibility of independent
production of fuel, which is the main energy carrier in the framework of the considered energy supply
system of the enterprise [4]. Also, this factor reflects the specifics of energy consumption. The influence of
this factor can be expressed by the following indicators:

2.1. The Proportion of required fuel provided at the expense of productive activities. This indicator reflects
the ability to independently provide the power supply system with the necessary amount of energy. The
vector of impact on ES is positive. Reference designation is — I, . The units of measurement are percentages.

2.2. The ratio of the energy intensity of the main production processes to auxiliary ones. This indicator
reflects the conditional risk of stopping production activities as a result of accidents and breakdowns of the
proposed power supply system [4]. The decrease in this indicator determines the increment of the possibility
of redistributing energy capacity and, as a result, ensuring the stability of the main production processes. The
vector of impact on ES is negative. . Reference designation is — I, ,. The units of measurement are percentages.

3. Geographical location of the company. Since Cameroon is geographically heterogeneous in terms
of distribution of energy resources, as well as in terms of urbanization, the influence of this factor cannot
be ignored [15]. The influence of this factor can be expressed by the following indicators:

3.1. The average distance to energy resources. This indicator determines the ability to meet the company's
demand for raw materials needed for energy generation in a timely and sufficient manner. The vector
of impact on ES is negative. Reference designation is — I, . The unit of measurement is kilometers.

3.2. Conditional transport availability of energy resources. This indicator is an expert indicator and
determines the labor intensity of delivery of raw materials needed for energy generation. The vector
of impact on ES is positive. Reference designation is — I, ,. Units of measurement are points.

4. Climate influence. This factor reflects the influence of climatic conditions in the region of operation
of the enterprise on the process of generating energy in the power supply system. The influence of this
factor can be expressed by the following indicators:

4.1. Conditional index of the influence of the environment. This indicator is expert and reflects the level
of aggressiveness of the region's environment in relation to the energy generation process within the
proposed energy supply system. The vector of impact on ES is negative. Reference designation is — I, .
Units of measurement are points.

5. The status of the regional networks. This factor reflects the stability of regional networks and the
dependence of the enterprise on this conditional value [14]. The influence of this factor can be expressed
by the following indicators:
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5.1. The Ratio of the time of power failure due to accidents to the calendar time for the previous year. This
indicator reflects the stability of the energy distribution system. The vector of impact on ES is negative.
Reference designation is — I, . The units of measurement are percentages.

5.2. Wear coefficient of the regional energy distribution system. This indicator reflects the projected period
of increasing risk of reducing the stability of the energy distribution system. The vector of impact on ES
is negative. Reference designation is — I, ,. The units of measurement are percentages.

5.3. Conditional index of the company'’s dependence on the regional energy distribution system. This
indicator is an expert indicator [12]. The vector of impact on ES is negative. Reference designation is —
L5 ,. Units of measurement are points.

6. Environmental legislation. This factor is the most complex, and reflects the specifics of the
legitimization of the project under study and the level of state support for the chosen method of energy
generation. The influence of this factor can be expressed by the following indicators:

6.1. Conditional index of regulatory voltage. This indicator is expert and reflects the complexity
of legitimizing the proposed energy supply system. The vector of impact on ES is negative. Reference
designation is — I . Units of measurement are points.

The presented system of indicators is multidimensional, primarily from the point of view of the
studied consequences [2]. The strength of the influence of the considered indicators on the possible result
is expressed by the specific gravity which can be distributed evenly, at the primary level (Fig. 1).

The level of energy security |
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Figure 1. Distribution of specific weight of indicators

A weighted comparative assessment of the level of energy security cannot be made on the basis of
classical tools. First of all, this is due to the need to use both statistical and expert indicators identified
in the described system. At the same time, the complexity of the research object determines the need
to allocate fuzzy evaluation intervals that allow describing the degree of confidence of the expert in the
conclusions made. Therefore, one of the most suitable tool for assessing the level of energy security is the
fuzzy multiple approach. This tool should be based on a system of expert assessments, however, in contrast
to statistical and expert assessment tools; it makes it possible to take into account the level of uncertainty by
using the functions of belonging (L(x)€[0;1]) of a subset to a given set. The founder of applying the theory
of fuzzy sets to describe economic processes is doctor of Economics Nedosekin A. O. In the framework of
his doctoral dissertation "Methodological foundations of financial activity modeling using fuzzy multiple
descriptions”, the author offers an algorithm for evaluating a complex economic indicator using fuzzy set
theory [1]. This algorithm is the basis for building a tool for assessing the level of ES.
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Result of research

The algorithm of forming fuzzy multiple classifiers includes the definition of factors, identification of
linguistic variables, the base term set, the definition of the carrier of linguistic variables, and the calculation
of partial and integral indicators.

Within the framework of the tool, 1 integral linguistic variable is identified "the Level of the energy
security criterion of the energy supply system (I)". The base term set for this criterion has 2 subsets:

1. Unacceptable level of ES of the power supply system;

2. Acceptable level of ES of the power supply system.

This integral indicator is the resulting indicator of the tool. For each particular indicator, a linguistic
variable is also formed «the value of a particular indicator (In.n). The base term set for these indicators has
5 subsets each:

1. Unacceptable value for indicator;

2. Low indicator value;

3. Average value of the indicator;

4. High indicator value;

5. Indicative value of the indicator.

The standard five-level 01-classifier is selected as a classifier for particular indicators. In the classifier,
the segment of the real axis [0;1] (01-the carrier) acts as the carrier of the linguistic variable. To describe
the type of subsets of a term set, a system of five membership functions is introduced that characterize the
degree to which a segment of carrier values belongs to a given subset (Table 1).

Vol. 13, No. 2, 2020
.

Tablel. System of fuzzy-multiple classifiers of particular indicators

T- numbers {Y} for values of a linguistic variable
Indicator Unacceptable value L Average value of . Indicative value
for indicator Low indicator value the indicator High indicator value of the indicator
I, (0.4; 0.4; 0.6; 0.8) (0.6;0.8;1; 1.2) (1;1.2; 1.4; 1.6) (1.4;1.6; 1.8;2) (1.8; 2; +oo; +o0)
I, (2.5;2.5;3;3.5) (3;3.5;4; 4.5) (4;4.5;5;5.5) (5;5.5;6;6.5) (6; 6.5; +o0; +o0)
L, (0; 0; 10; 20) (105 20; 30; 40) (30; 40; 50; 60) (50; 60; 70; 80) (70; 80; 80; 80)
L, (100; 100; 100; 80) (100; 80; 70; 60) (705 60; 50; 40) (505 40; 305 20) (305 205 105 10)
L, (3005 3005 300; 275) | (300; 275; 250; 225) | (2505 225; 200; 175) | (200; 175; 150; 125) | (150; 125; 100; 0)
L, (15 1;2;3) (2;3;45) 4567 (6;7; 8; 10) (8; 10; 10; 10)
I, (10; 10; 10; 8) (10; 8; 7; 6) (7;6;5;4) (5;4;3;2) 3;2;151)
L, (Ho0; +00; 20; 17) (205 17; 145 11) (14; 115 8; 5) 8;5;3; 1) (3;1;0;0)
I, (100; 100; 100; 80) (100; 80; 70; 60) (70; 60; 50; 40) (505 40; 305 20) (30; 205 105 10)
I, (10; 105 10; 8) (10;8: 75 6) (7,6: 5 4) (5432 G210
I, (10; 10; 10; 8) (10; 8; 7; 6) (7,6;5;4) (5;4;3;2) 3;2;1; 1)

These classifiers can be represented as trapezoidal membership functions, where the ordinate axis
indicates the values of membership functions (from 0 to 1), and on the axis of the abscissas — terms. In this
case, the upper base of the trapezoid corresponds to the expert's absolute confidence in the reliability of the
classification, and the lower base characterizes the confidence that no other values of the interval (0;1) do
not fall into the selected fuzzy subset. The side faces of the trapezoid reflect the fluctuation of the expert's
judgment about the belonging of a particular segment on 01 — carrier to a particular term. There are
5 nodal points: {0,1; 0,3; 0,5; 0,7; 0,9}. Based on the results of calculating each of the particular indicators,
their values are recognized by the criterion Aij€[0;1]. This indicator correlates the values of individual
indicators with the values of 01 — carriers:
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where a,” and a,” are the t-numbers of the I-th subset of the term set.
Based on the results of recognizing the values of particular indicators, integral indicators are calculated:

10
I=Z pj><rj></lij.

Where p;are the node points of the 01 carrier:
pj=0,9—0,2X(j—1).

Where j is the number of subsets of the base term set.

The resulting integral indicator is recognized in accordance with two selected term sets, the boundary
value:

1. Unacceptable level of energy security of the power supply system — (0; 0; 0.4; 0.8).

2. Acceptable level of energy security of the power supply system — (0.4; 0.8; 1; 1).

If the project under consideration does not reach the acceptable level of energy security, regardless
of the size of the potential economic effect, it is rejected. Fig. 2 shows a comprehensive assessment of the
level of energy security of the decentralized power supply system for enterprises in Cameroon.
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of altemative indi TRTS TFS F'S F79) ET8 ; T the
solutions for |- Project 2 [~  indicators of 5 P g A s 7 security ! indicator % Inoeas * e
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Figure 2. Tool of comprehensive assessment of the level of energy security of the decentralized power supply system (m < n)

Implementation of it will provide an additional tool for managing the development of the fuel and
energy complex of the country as whole and individual regions with significant potential for using biofuels.
Such an example can be the energy complex of Cameroon. The tool proposed by the author can be used to
determine the energy supply management system and select the type of generating source from the point
of view of providing a comprehensive solution to maximize energy security and minimize economic costs.
The use of fuzzy set theory will increase the level of validity of the applied solutions.

Conclusions

The tasks solved in the framework of the study allow us to develop a system of economic management
tools in energy systems. This tool can be widely used in the development of decentralized electricity supply
for small and medium-sized businesses that are experiencing problems with the reliability of electricity
supply. This will eventually create a more sustainable system for developing this sector of the economy.
Perhaps a similar tool can be developed for the energy supply systems of enterprises in other countries.

The authors see the addition of the energy security criterion to the economic efficiency criterion as
areas for further research. Consistent application of these criteria will allow for the final selection of the
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management decision based on the selected indicators of economic efficiency based on the assessment
of the energy security indicator. A characteristic feature of determining the key economic indicator is the
dependence on the energy supply system. In one case it can only be revenue, in the second case it can be
profitability and revenue, and in the third case profit, revenue and profitability.
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