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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.
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DETERMINANTS FOR ASSESSING THE ENERGY EFFICIENCY OF A COAL
MINING ENTERPRISE
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Abstract. The article is devoted to consideration of issues related to assessing the
energy efficiency of a coal mining enterprise. Coal mining enterprises are characterized by a
large volume of energy-intensive ore mining operations. The article presents possible ways
of energy saving in the mining industry. During the research, a system of energy efficiency
indicators for coal mining enterprises is presented. The purpose of the article is to analyze
the determinants of assessing the energy efficiency of a coal mining enterprise. Existing
methods and approaches for assessing the energy efficiency of industrial enterprises as a
whole are considered. The author’s approach to formalizing a system of energy efficiency
indicators for coal mining enterprises is proposed. The importance of an energy audit for
assessing energy efficiency is outlined and its stages are highlighted. The factors influencing
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the energy efficiency of a coal mining enterprise are also systematized, and the barriers that
impede the practical implementation of energy efficiency measures are analyzed. Measures
are outlined that will help improve the energy efficiency of mines.

Keywords: energy efficiency, assessment, mine, resources, costs, mining industry,
formalization of the system of indicators, barriers
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AnHoTanus. Maxkana KeMip OHIIpYIIi KOCIMOPBIHHBIH SHEPrHs THIMIUIIMH
OarayiayFa KaThICTBI MACeJIeNIep il KapacThipyFa apHaiiFrad. Kemip eHipyIili KacimopbIHaap
SHEPTUSHBl KON KaXeT €TETIH KeH OHJIIpy ONepaluusulapblHbIH YJIKeH KeJeMiMeH
cumnarranajapl. Makanaga Tay-KeH ©HEpPKOCIOIHAerl SHEPrusiHbl YHEMJICYJH BIKTUMAI
xongapel OepinreH. 3eprrey OapbIChIHIA KOMIp OHAIPYII KOCIMOPBIHIAPABIH YHEPTUs
TUIMLTIT KOPCETKITEPiHiH KYHeci YChIHBUIFaH. MaKataHbIH MaKcaThl — KOMIp OHIIPYILi
KOCINOPBIHHBIH DHEPrUsl THIMIUICIH Oaranay JAeTepMHHAHTTApbIHA Tajuay >Kyprisy.
JKanmpl eHepKaCINTIK KOCIMOPBIHAAPAbIH YHEPT sl THIMAUIITTH OaFanayblH KOJIaHbICTAFbI
ozicTepi MeH Taciiiepi KapacTelpbiiansl. Kemip eHIipy KociMOpBIHIAPBIHBIH YHEPTUst
THIMATITT KOPCETKIIITEepiHIH JKYHeCiH pecimueyre aBTOPJBIK KO3Kapac YCHIHBUIAIBI.
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DHeprus THIMJUTITIH 0aFanay YIIiH SHEPTeTHKAIBIK ayIUTTIH MaHBI3IbUIBIFBl KOPCETLUTIMN,
OHBIH Ke3eHepi kepceTinreH. KeMip eHaipyIITi KOCIMOPBIHHBIH SHEPTHsI TUIMJILUTITIHE dcep
eTeTiH (pakTopiap Ja *KYHeNeHill, SHeprus THIMIUITIH apTTRIPY MapajapblH ic KYy3iHAe
’Ky3ere acelpyFa Keaepri KenTipeTiH keaepriiep TammaHaipl. lllaxtamapabiH SHeprus
TUIMJIUTITIH apTTRIPyFa KOMEKTECETiH Iapanap OenriieH/I.

Tyidin ce3mep: sHeprus THIMALIITI, Oaranay, maxTa, pecypcrap, IbIFbIH/AD, Tay-
KEeH OHEPKaCiOi, KopceTKimTep KYHEeCiH pecimey, Keaepriiep
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AnHoTauus. CTaTbs NOCBSILEHA PACCMOTPEHHIO BOIIPOCOB, CBA3aHHBIX C OLICHKOM
9HEeprodh(HeKTUBHOCTH  yriienoObIBaomero npeanpusatust. ns  yriempoObIBarommx
NPEANPUITUI XapaKTEPHBIM SIBIISICTCS O0JIBIIONH 00BEM SHEPrOEMKHX OIIEPaLNii 110 J00bIue
pyasl. B cTathe npencTaBieHbl BO3MOKHBIC Ty TH 3HEProcOepeKeHns B rOpHO100bIBaOIIEeH
MPOMBIIUIEHHOCTH. B mpolecce uccnenoBaHus MNpeJCTaBIeHa CUCTEMa IoKaszaTesei
9HEPro3h(HeKTUBHOCTH NPEANIPUATHH yTiae 10064, Lles cTaTbu 3aKiII0uaeTcs BIPOBEICHUT
aHaJaM3a JETEPMUHAHT OLECHKH SHEProd()(HEeKTUBHOCTH YIIICAOOBIBAIOLIETO MPEAPHUSITHSI.
PaccMOTpeHbl CyILIecTBYIOIIME METOABl U MOJIXOMABI AJISI OLECHKU 3HEProddeKTUBHOCTH
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MPOMBIIIICHHBIX MPEANPUATHH B 11eoM. [IpeanokeH aBTOPCKHiA MOIX0/ K (opMaTi3auu
cHCTeMBbI NOKazaresiell 3HeprodGeKTUBHOCTH NPeANnpUATHi yriaenoOeran. O003HaueHa
3HAYMMOCTh DHEProayaura Juisl OLCHKH OJHEprod(GEeKTUBHOCTH | BBIJACICHBI €ro
oTanbl. Takke CHCTEMAaTU3UPOBAHBI (AKTOPHI BIUSHUS Ha HHEProd( eKTHBHOCTH
yIIIe00BIBAIOIIETO MPEANPUSTHS, TPOAHATU3UPOBAHBI  Oapbephl, IPENSATCTBYIOIINE
MPAaKTUYECKOMY BHEAPEHMIO Mep 1o 3HeprodddexruHocTr. O003HAUCHBI MEPONPHUSITHS,
KOTOpBIE OyIyT CIIOCOOCTBOBATH MOBBIIICHHIO SHEPr03()(HEKTUBHOCTH IIAXT.

KiioueBble ciioBa: 3Heprod(pQGeKTUBHOCTh, OLEHKA, IIaXTa, PECYPCHI, 3aTpPaThl,
ropro100bIBarONIAst IPOMBIIUIEHHOCTD, (POPMAITU3aIINs CUCTEMBI ITOKa3aTesel, Oapbepbl

Introduction

Nowadays, energy efficiency in the industrial sector has gained importance due to
the trend of increasing energy costs as well as environmental concerns. Coal mining oper-
ations are characterised by a large volume of energy intensive ore extraction operations.
Overall, energy consumption in the mining industry is estimated at 6.2 per cent of total
global consumption. For example, in the USA, energy used in this industry accounts for 3.3
% of total industrial expenditure, while the South African mining sector consumes 6 % of
all energy produced in the country (Palyanitsina et al., 2021; Korshak et al., 2019; Korshak
et al., 2020). It is undeniable that energy efficiency in the mining industry is important to
minimise energy costs and ore production costs. In addition, rational use of energy can lead
to significant reductions in greenhouse gas emissions. This is a realistic goal for the mining
industry. Today, all major mining companies that are members of the International Council
on Mining and Metals have committed to achieving zero carbon emissions by 2050 or earli-
er. Most of them have also set targets for progress, such as 30 per cent by 2030 (Pshenin et
al., 2023; Kusimova et al., 2023; Korshak et al., 2023).

Inefficient energy consumption in the coal mining industry is associated with signif-
icant additional costs. This can often be a sign of poor engineering or investment decisions,
which in turn affect plant productivity, maintenance, safety and environmental performance.
This situation requires a structural approach to modernisation and energy management, and
the use of effective energy management practices, the basis of which is a comprehensive
assessment of the level of energy efficiency of production (Malozyomov et al., 2023).

For example, data from coal mines in Australia show that the largest amount of
energy savings, or 4.61 PJ, came from projects focused on energy management parameters,
accounting for 55 per cent of all savings opportunities identified at mines (Figure 1).

Staff

Mine plan optimzation

Mew technologies

Energy consumption measurement
Service

Energy management options

OcuoenbtitnoeuéirnoenérHoenbitnoenédrnoe O

Fig. I — Energy saving opportunities in the mining industry (PJ/year) (Molaei et al., 2021)
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At the same time, it should be noted that currently there is no unified theoretical and
methodological basis for determining and analysing the energy efficiency indicators of coal
mining enterprises. The existing developments concern only certain aspects of this issue, for
example, exclusively macroeconomic measurement at the industry level or only individual
technological processes.

Thus, these circumstances confirm the relevance of the topic of this article and tes-
tify to its scientific and practical significance.

The complexity of the problem of energy efficiency improvement determines a wide
range of research in this direction. The influence of economic, organisational and technical
factors on the energy efficiency of an industrial enterprise was considered in their works by
0O.V. Kondrakov, V.Y. Mishakov, I.G. Lukmanova, R.S. Golov, V.V. Mylnik, V.G. Smirnov,
Stefan Kramer, Sebastian Engell, Hongming Na, Tao Du, Wenqgiang Sun, Jianfei He. (Filina
et al., 2024; Gridina et al., 2023).

Methods for determining the economic efficiency of energy saving measures in the
mining industry are considered in the works of Koksharov V.A., Kirshina I.A., Nepshi F.S.,
Krasilnikov M.1., Perevalov K.V., M. Jibran S. Zuberi, Martin K. Patel, Robert Williams.

A.E. Valiullin, I.D. Naletov, N.T. Amosov, M.V. Zhuravleva, F.R. Garieva, Stefan
Scharl, Aaron Praktiknjo devoted their publications to the development of tools to stimulate
the energy efficiency of the enterprise and justification of the directions of energy saving
potential management.

Methods

While appreciating the achievements of scientists in the field of industrial devel-
opment and energy saving policy, it should be noted that a number of issues require more
extensive research. For example, energy consumption indicators that take into account the
technological features of mines deserve special attention. In addition, most publications
describe traditional methods of thermodynamic analysis in terms of energy equilibrium and
study of energy efficiency of individual mining stages. However, there is still no clear analy-
sis of the energy distribution between the different vital stages of coal design, development,
mining and transport. As a result, the lack of analyses of coal mine design, coal washing and
coal mining has led to gaps in energy efficiency studies of the entire coal industry.

Thus, the purpose of the article is to analyse the determinants of energy efficiency
assessment of a coal mining enterprise.

First of all, we note that the assessment of energy efficiency of a coal mining enter-
prise is a systematic approach to the analysis of all data, technologies and systems related
to energy consumption in order to quantify the current level of energy consumption and the
savings that can be achieved by optimising the energy consumption of industrial processes.

To date, several methods and approaches have been developed to assess the energy
efficiency of industrial enterprises in general. The most common of them are the following.

1. Graphs of energy consumption versus production or other parameters. This meth-
od makes it possible to identify the relationship between energy consumption and produc-
tion. It also makes it possible to establish thresholds at which energy consumption changes
dramatically.

2 Benchmarking. The use of energy efficiency indicators helps to determine wheth-
er a process, facility or department is functioning optimally. Benchmarking can be used to
compare actual energy consumption with theoretical (calculated or modelled) energy con-
sumption. It can also be used to compare plants, sites, processes, shifts, operators and other
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aspects.

3. Pinch Analysis. An evaluation method based on graphical analysis that allows the
design of complex thermal systems to be optimised to maximise heat recovery. For process-
es or installations with complex hot and cold flows, pinch analysis can identify opportunities
for better heating and cooling. The use of this method requires engineering expertise.

However, there is no doubt that regardless of the method or approach used to assess
energy efficiency and identify energy saving reserves at coal mining enterprises, it is im-
portant to use an adequate system of indicators. A number of publications suggest using an
integral indicator for any industrial produ?cr;[ion:

E Z D; K
- Tn o BEf

}.:125:1ﬂj' ’ (1)

where — total value added arising from the production of products (provision of

services) in the j-th technological process, rub; — total volume of consumed fuel and energy
resources (FER) of the i-th type in the j-th technological process, (natural expression); — di-
mensionless energy intensity coefficient of the j-th technological process; j — technological
process at the enterprise; m — number of technological processes at the enterprise; i — type
of energy resource; n — number of FER types.

Results

In the author’s opinion, this indicator will not always be sufficiently informative for
coal mining enterprises, because its generalised and universal nature is not able to reflect
different levels of production and the specifics of the mining industry. In this regard, we
believe that to assess the energy efficiency of mines, energy consumption indicators should
be developed at different levels of aggregation, depending on the purpose of use and the
amount of available information. The level of aggregation is important because it deter-
mines the extent to which structural differences influence the observed results.

Fig. 2 shows the author’s approach to the formalisation of the system of energy
efficiency indicators of coal mining enterprises.
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Total energy consumption\of the mine, $
total energy consumption

ts in production costs, %

Share of vagiable costs for energy onsumption
in total energy consumption,:

ergy consumption for industrial purpos
er ton of coal production in given quality, $
Energy consumption for industrial purposes
per unit of added value, $

Energy consumption of preparatory work per
linear meter of penetration, $/linear meter
Energy consumption of cleaning operations
per ton of coal production, $/t
Power consumption of main equipment

Fig. 2 — System of energy efficiency indicators for coal mining enterprises

At the first level of the pyramid are indicators that assess the energy efficiency of
specific production sites, technological processes or equipment.

As an example of evaluation at this level, Table 1 presents the results of all collected
data and analysed energy inputs for different processes in open pit mines in Indonesia.

Table 1 — Energy costs of surface mining processes in Indonesia (Rosado-Tamariz et al., 2020)

Mining process | ORI | T | Sonemptiont | %
Drilling 0.13 29 14.56 3.38
Blasting 56 275 165.50 39.85
Loading of materials 15 98 56.50 13.53
Transport 65 158 111.50 26.81
Mine dewatering 0 86 43.00 10.39
t‘;‘:‘rﬂii? equipment for 6 44 25.00 6.04

* ($/kilotonnes of material recovered)

The second level of the pyramid calculates the energy efficiency of the mine as a
whole, which is defined as the ratio of energy consumption to value added. The value added
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should be used in constant prices to avoid errors caused by fluctuations in the money market.
In addition, since the total energy consumption of the mine is not directly correlated with
value added, energy consumption for production needs should be included in the calcula-
tion. This indicator will provide an initial estimate of the overall energy intensity of an indi-
vidual site and its trends. Due to the heterogeneity of the qualitative characteristics of coal
produced at different enterprises, and, consequently, the impact of the tonne of production
on cash flow, we propose to calculate the energy intensity of a unit of production in physical
terms as the ratio of energy consumption for industrial needs to the volume of production
(Gendler et al., 2018; Gridina et al., 2022).

At the third, most aggregated level, the total energy consumption of the coal mining
enterprise in monetary terms is calculated, as well as the share of energy consumption costs
in the cost price and the share of energy consumption for production purposes in the total
energy consumption structure of the mine. These indicators provide a generalised picture
of the energy efficiency of the enterprise and enable a comparative assessment of different
mines.

An integral element of assessing the energy efficiency of a coal mining enterprise is
an energy audit, which allows to identify energy saving opportunities, optimise the structure
of energy use and improve operations.

Energy audit at a coal mining enterprise includes the following stages:

1. Collect and analyse historical energy consumption data for energy balance.

2- Study of the mine site and its operations. This includes identifying the most en-
ergy intensive processes and equipment.

3. Drawing up an energy balance, which assesses the main energy users and then
compares them with the level of energy consumption. The energy balance includes all ener-
gy sources such as electricity, diesel, natural gas and renewable energy.

4. Identify and justify potential energy conservation measures that can reduce ener-
gy consumption and/or costs.

5. Conduct engineering and economic analyses of potential energy saving measures.

6. Calculation of carbon dioxide emissions to determine the baseline carbon foot-
print and future impact of energy conservation measures.

7. Preparation of a prioritised list of energy saving measures.

A special emphasis should be made on the fact that in the process of energy audit
the factors affecting the energy efficiency of a coal enterprise are identified. Analysing these
factors and singling out the most significant of them is necessary to create a methodology
for assessing their impact and developing measures to improve energy efficiency of produc-
tion as a whole. In most cases, the influence factors are divided into organisational, econom-
ic, technological (Khazin, 2023). At the same time, taking into account the possibilities of
modern digital technologies and the achievements of the Fourth Industrial Revolution, we
propose to systematise the factors by dividing them into 2 groups: innovative and tradition-
al. A detailed description of these factors is given in Table 2.

Table 2 — Factors influencing the energy efficiency of a coal enterprise
Innovation factors Traditional factors

Introduction of innovative energy efficiency programmes at the
enterprise

Financial stability of the company
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Participation of the enterprise in state and non-state energy Incentivising personnel to save energy
saving programmes resources

Financing the development and use of new energy-saving and Reducing the share of energy costs in the
smart technologies cost of production

Raising the qualifications of personnel in

Use of energy-saving equipment the field of energy saving

Utilisation of secondary fuel and energy resources Continuous and accurate control of ener-
gy resources utilisation at the enterprise

Generation of energy resources by own energy sources

At the same time, along with all the advantages and benefits of energy auditing,
its limitations should be taken into account. For example, most energy audit approaches
do not take into account design, planning and procurement decisions (Karlina et al., 2023;
Kondratiev et al., 2022). Such factors can complicate the process, preventing accurate data
from being obtained. In addition, audits typically fail to consider energy impacts due to the
dynamic nature of the mine site. For example, auditors typically cannot account for chang-
es in ore quality, changes in production schedules, or employee turnover. These changes
may mean new opportunities for energy efficiency improvements. Or they may result in the
levelling off of previous gains. Therefore, energy audits should be conducted regularly or
when major operational processes change (Kondratiev et al., 2016; Kondratiev et al., 2022;
Evdokimov et al., 2024).

Despite the importance and obvious relevance of energy efficiency tasks, there are
barriers in this area that hinder its development, namely:

- economic and energy efficiency policies at the state and sectoral levels are non-sys-
tematic;

- economic levers are non-transparent and often constrain development (cross-sub-
sidisation, tariff setting, monopolism);

- the current tariff policy does not incentivise the best and most efficient enterprises;

- deficit of financial resources for modernisation and energy efficiency projects
(Kanoglu et al., 2007; IEA, 2019).

Obviously, overcoming these barriers requires proactive government policy and the
efforts of mining enterprises themselves. At the level of business entities, we believe that
the following measures will contribute to improving the energy efficiency of mines (Peralta
etal., 2019; Udemba et al., 2022):

1. Utilising intelligent technology for blasting operations.

2. Modernisation of coal transportation equipment.

3. Improving the energy efficiency of ore processing.

4. Introduction of advanced engineering solutions that allow, for example, to im-
prove maintenance of ventilation systems, reduce the frequency of using water sprayers, etc.
(Malozyomov et al., 2024)

Conclusion

Summarising the above, we note that the assessment of energy efficiency of a coal
mining enterprise allows us to understand how and where energy is used, where its use can
be improved, and how to reduce costs. To carry out the assessment, the article proposes a
system of indicators, highlights the features of energy audit. It also systematises the factors
influencing the energy efficiency of a coal mining enterprise, analyses the barriers to the
practical implementation of energy efficiency measures and outlines the measures that will
contribute to improving the energy efficiency of mines.
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