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Abstract: The mining industry is a basic sector of the Russian economy. Sustainable Development
Goals appear in the strategies of mining companies and are ensured, inter alia, by increasing the
energy efficiency of enterprises and plants within their structure through the implementation of
projects. The lack of generally accepted criteria for assessing energy efficiency determines the need
to develop a methodology that would allow taking into account the contribution of the results of
projects of different scales and levels of implementation to improve the energy efficiency of the mining
enterprise and the company as a whole. The purpose of the study is to develop a methodology for the
comprehensive assessment of projects aimed at improving the energy efficiency of mining enterprises
in the context of sustainable development. The research method is based on establishing a logical
relationship between the goals of sustainable development, the principles of the “energy trilemma”,
criteria and results of the implementation of projects aimed at improving the energy efficiency of the
mining enterprise, taking into account the systematization of these projects. The authors develop
a methodology for assessing projects related to the energy efficiency of mining enterprises. The
methodology is based on a two-level system of criteria: the first-level criteria characterize the degree
of realization of project objectives in accordance with the goals of sustainable development and
the principles of the “energy trilemma”. The first-level criteria consist of the following: economic
efficiency, ecological performance, reliability and safety, and flexibility. The second-level criteria
characterize the economic results of the project based on the assessment of its economic efficiency.
In order to provide a comprehensive economic assessment of various project outcomes, a set of
indicators is proposed. The assessment of this methodology has been tested using the example of
projects implemented at the mining enterprise “Albazinsky GOK” (mining and processing complex).
Implementation of a comprehensive project, including the transition to a centralized power supply
source, installation of a wind generator, photovoltaic installation, and energy storage system, will
allow the enterprise to reduce CO2 emissions by 100% and increase the flexibility of the enterprise’s
power system by 33%. The economic effect will amount to RUB 1252.5 mln (due to savings on
electricity costs). The obtained results can be used by managers of mining companies to select and
assess projects aimed at improving energy efficiency.

Keywords: sustainable development; energy trilemma; evaluation criteria; energy efficiency improve-
ment projects; economic evaluation

1. Introduction

Increasing the energy efficiency of various sectors and the economy as a whole is con-
sidered a global problem caused by the long-term consumption of non-renewable natural
resources and their emerging shortage for a number of countries, as well as greenhouse
gas emissions due to the use of carbon-based energy sources. The 2015 Paris Agreement
on Climate Change [1] and the adoption of the Sustainable Development Goals (SDGs)
served as a turning point in the global community’s commitment to a sustainable future
for society. In the same year, to solve the problem of finding a balance between reliability,
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accessibility, and sustainability of energy production and consumption when implementing
sustainable energy projects, the World Energy Council proposed the concept of the “energy
trilemma” [2,3] as well as an indicator—the “energy trilemma index” [4]—used to assess
the energy sustainability of different countries and rank them.

The energy sustainability of countries is influenced by various factors [5,6], along
with the state of energy consumption in non-energy industries. In particular, the raw
materials industry as a whole does not belong to high energy-intensive industries. The
share of electricity costs in the cost price for single companies can reach up to 40% [7], and
for some large companies, there is an increase in the energy intensity of production and
products [8,9].

This situation is explained by the specifics of mining production: the production
structure of mining complexes, deposit development technologies, the use of a large
amount of energy-intensive equipment, increased requirements for the safety of production
processes (ventilation, drainage, lighting, etc.), which leads to an increase in energy costs
as the depth of development increases.

In Russia, more than 70% of mineral extraction is carried out by open-pit mining [10].
The further development of open-pit mining is associated with an increase in the depth
and area of quarries, the complication of geological and technical mining conditions, and
an increase in the area of alienated lands [11]. At the same time, the share of energy
consumption in the production process increases. All this is happening in the context of
rising prices for electric energy in the world as a whole [12] and directly in Russia—from
2017 to 2022, prices increased by 28% [13].

Enrichment processes are highly energy-intensive: crushing, grinding, flotation, and
magnetic separation require significant amounts of energy to process each ton of ore [14].

Thus, the problem of reducing the energy intensity of mining is urgent, especially in
the context of rising energy prices [15,16]. To meet this challenge and the need to comply
with the UN Sustainable Development Goals, mining companies are implementing various
energy efficiency improvement projects [17,18].

The development of technologies, primarily digital, makes it possible to implement not
only large but also medium and small-scale projects aimed at increasing energy efficiency
at various technological stages of the production process and mining facilities. This may
result in additional social, environmental, and organizational outcomes [19].

At the same time, the currently used methods for evaluating projects, especially
small-scale ones, do not always allow for assessing their economic effectiveness due to
the difficulties in the monetization of the resulting non-economic effects, while the cur-
rent national standards in the field of energy efficiency in the Russian Federation do not
recommend any quantitative criteria to assess the results achieved [20,21]. The literature
review showed the existing gap in the studies devoted to assessing the effects of energy
efficiency projects at mining enterprises. To fill this gap, the authors aim to develop a
methodology for comprehensive economic evaluation of projects aimed at improving the
energy efficiency of mining enterprises.

Given the above, the authors have posed the following research questions:
RQ1: Is a positive net present value (NPV) and other commercial assessment criteria

sufficient conditions for assessing projects aimed at improving energy efficiency?
RQ2: Which criteria and indicators are used to assess the results and effectiveness of

projects to improve the energy efficiency of mining enterprises?
To answer these RQs, the research paper is organized as follows. First of all, we analyze

and systematize various projects implemented at mining enterprises to improve their energy
efficiency based on the classification attributes we have identified and identify the effects
of their implementation corresponding to the principles of the “energy trilemma” [2,3];
secondly, we propose a methodology for assessing the identified effects on the basis of a
set of indicators developed by us, and finally, we test this methodology on the example of
mining enterprise projects. We assume that the scientific novelty of the study lies in the
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development of a comprehensive methodological approach to evaluating energy efficiency
projects at mining enterprises.

The purpose of the study is to develop a methodology for comprehensive assessment
of projects aimed at improving the energy efficiency of mining enterprises in the context of
sustainable development.

Sustainable development is a multidisciplinary concept aimed at ensuring the harmo-
nious interaction of economic, social, and ecological systems in order to meet the needs of
modern society without compromising the ability of future generations to meet their needs.
The concept is based on the principle of balance between resource and energy efficiency,
fairness in the distribution of benefits, and the conservation of biodiversity and natural
ecosystems [22].

The practical application of the provisions of the concept of sustainable development is
reflected in the Sustainable Development Goals (SDGs) defined by the document “Agenda
2030”, approved by the UN in 2015. The document contains 17 SDGs aimed at solving the
main challenges related to social, economic, and environmental issues.

International agreements related to climate change are aimed at developing the clean
energy sector and reducing CO2 emissions. This is being done in the context of increasing
energy demand driven by demographic growth, urbanization, and industrialization [23,24].
In particular, the United Nations Sustainable Development Goal 7 (SDG 7) calls for the
execution of three key tasks by 2030: ensuring universal access to available, reliable, and
modern energy services, increasing the share of renewable sources in the overall energy
consumption, and doubling global energy efficiency indicators [25].

In the context of multiple interrelated goals, there is a need to assess the progress not
only at the state level.

The study [26] notes that the Russian business community has a tendency to plan its
strategic development for 5 years, incorporating the principles and goals of sustainable
development into it. In recent years, Russian companies have demonstrated their com-
mitment to socially responsible practices and Sustainable Development Goals, which is
confirmed by official reports. Such an analysis, in turn, forms the basis for decision-making
by relevant stakeholders [27–29].

The paper [30] presents a conceptual model of sustainable energy development at
three levels: the state, energy industries, and energy enterprises. However, this model does
not consider the enterprises of other industries, which may be large consumers of energy
resources and can potentially improve energy efficiency.

In foreign practice, the Global Reporting Initiative Environmental standards are
used for reporting on the impact of a company’s activities on the economy, environment,
and society.

Many large Russian mining companies also report on sustainable development and
the achievement of SDGs. ESG (environmental, social, governance) is a very common
approach among Russian mining companies—an approach in which environmental, social,
and corporate governance aspects are considered in the process of making investment and
management decisions [31].

The “energy trilemma” developed within the framework of the sustainable develop-
ment concept is considered a tool for assessing national energy systems [32]. The energy
trilemma is defined as the need to find a balance between energy reliability, availability, and
environmental impact, and it focuses on three aspects. The first aspect is energy security,
i.e., the country’s ability to ensure reliable satisfaction of current and future energy demand.
Energy equity is a country’s ability to provide access to affordable energy for both domestic
and commercial use. Finally, environmental sustainability is an indicator of how much a
country’s energy systems are able to reduce their environmental impact.

The authors (Shklyarskiy, Y.E.; Skamyin, A.N. et al.) [33,34] rightly point out that
energy efficiency improvement should be considered as an ongoing process provided by
the implementation of various projects, which are aimed at increasing the reliability and
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safety of energy systems in the mining companies, rational consumption, reducing losses,
and improving the quality of energy resources used.

At the same time, from the authors’ perspective, increasing energy efficiency should
also be considered as a specific outcome of project implementation.

Energy efficiency improvement in the mining industry is provided by projects in
a wide range of areas: waste heat capture, distributed generation [35], power demand
management, mine drainage, ventilation, and energy generation from by-products, etc. [36].

The projects integrating renewable and non-traditional energy sources in the energy
balance (introduction of hybrid energy systems) of mining enterprises remote from central-
ized sources have great potential [37,38].

Another relevant direction for improving energy efficiency in mining operations is
the introduction of energy storage systems [39–41], which can mitigate the irregularity of
renewable energy generation [42] and ensure flexibility to the energy system [41].

Projects based on digital technologies can be highly effective [33,42,43]. For example,
using an artificial neural network to predict fuel flow by dump trucks in open-pit mining
operations can reduce its consumption, which in turn affects the overall energy intensity of
the company [44].

With a large variety of projects, the selection and evaluation of the most promising
ones that meet the mining company’s SDGs determines the need for their ordering and
systematization. For example, the article [45] discusses the classifications of various authors
(V.D. Shapiro, A.S. Tsarkov, P.S. Geizler, and O.V. Zavyalova), who developed a unified
classification of investment projects according to the following criteria: area of application,
method of implementation, duration, etc., with the allocation of classes, types and types
of projects.

A classification of projects using a dichotomy (modified attribute) is proposed in
the work [46]. The author singles out capital-intensive and ordinary projects with quick
returns and with a long delay of return, federal, regional, local, and intra-company projects,
interrelated and independent, alternative and non-alternative projects, etc.

The paper [47] argues that a complete classification of projects is not possible due to the
numerous attributes that could be used to define classes. This results in a lack of a generally
accepted framework for classifying projects due to their uniqueness and differences in
terms of size, time, investment, complexity, and technological content. The author classifies
projects depending on their size, complexity, and risk.

In our opinion, the systematization of enterprise projects provides a deep understand-
ing of their diversity and specificity, which is necessary for a number of tasks:

• It allows for a reasonable approach to the selection of indicators for assessing the
effectiveness of these projects based on their goals, scale, and characteristics;

• It facilitates the certification of projects, which includes the creation of standardized
descriptions of each project and facilitates the process of identifying, comparing, and
selecting projects for implementation, and simplifies the exchange of knowledge and
experience between stakeholders;

• It helps to optimize the allocation of resources since it allows for identifying the most
promising areas for investment based on the analysis of past and current projects.

However, it is important to note that in the process of systematization, it is necessary
to consider a number of specific features due to the target directions and results inherent
specifically to the projects aimed at improving energy efficiency.

In our opinion, evaluating projects related to energy efficiency improvement should
necessarily rest on such project attributes as the main goal, type of result, relation to the
production process, nature of project activities, level of results manifestation, level of project
implementation, and scale.

Another important aspect of project evaluation is the choice of indicators that charac-
terize project results. Modern studies emphasize a number of indicators that are important
for assessing the efficiency and reliability of energy systems and equipment of mining
enterprises [45,48,49]. The issues of the selection of basic reliability indicators for various
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objects are sufficiently elaborated and regulated in Russian national standards (GOST
27.003-90) [50]. One of them is the availability factor [51], which reflects the ability of the
system (equipment) to perform the required functions, and the MTBF, indicating the time
of failure-free operation until the first failure. The probability of uptime is also a key metric
that reflects the reliability of a system over time [52].

An increase in the efficiency factor of converting the energy potential of the primary
energy carrier into electrical energy [53] and the growth in the share of electrical energy
storage systems (EESSs) in the total installed capacity of the power system [54] are signs of
improvement in the efficiency of the enterprise energy infrastructure.

It is also important for mining enterprises to minimize the ecological impact on the
environment [55], which can be achieved by optimizing the operation of the diesel generator
set [56] and switching to more environmentally friendly fuels.

The structure of consumed energy resources may change depending on the share of
renewable energy sources, which reflects the global trend of decarbonization and transition
to more sustainable and environmentally friendly energy sources [57].

When evaluating small-scale projects at the local enterprise level, energy efficiency is
considered mainly as a technological category. In this case, various evaluation indicators
are used, such as the efficiency factor of the power plant, energy utilization factor [58],
specific (actual) consumption of energy carrier [59], installed capacity utilization factor [59],
average operating time per failure [60], etc.

It should be noted that there are no universal methodologies for assessing the social
and organizational results of these projects. The scientific literature indicates that the overall
economic benefits of industrial energy efficiency projects are often underestimated due to a
lack of assessment of the associated various effects [61,62]. This is due to the diversity of
approaches to evaluating efficiency, specifics of industries, and individual characteristics of
enterprises. As a result, despite the fact that a comprehensive assessment of the impact of
energy efficiency improvement projects is important, the scientific literature has not yet
formed a unified methodological toolkit to assess the social and organizational effects of
their implementation.

The emergence of new directions of energy efficiency improvement at mining enter-
prises (introduction of RES projects, energy storage, digital technologies, etc.) leads to the
conclusion that it is necessary to expand the range of indicators characterizing the results
and efficiency of projects.

2. Materials and Methods

The conceptual and methodological basis of the study is the concept of sustainable
development and the principles of the “energy trilemma” interpreted for the mining
company level.

The methodological approach involves establishing a logical relationship between
the goals of sustainable development of a mining company, goals, results, and economic
efficiency of projects related to improving the energy efficiency of a mining enterprise.

The general scheme of the study is presented in Figure 1 and includes several stages.
In the first stage, the target benchmarks for improving the energy efficiency of a

mining company are established due to three interrelated aspects: the main SD objectives
in the field of energy efficiency (“affordable and clean energy”, “rational production and
consumption”, “combating climate change”), the principles of the “energy trilemma” (ET),
and the way to improve energy efficiency (project implementation).

In the second stage, based on the elaboration of scientific sources, projects aimed
at improving the energy efficiency of mining enterprises are analyzed to determine the
directions to be implemented at the current stage of development.

In the course of the study, the need for systematization of projects due to their diversity
and the definition of attributes for it was revealed. Based on the systematization of projects,
a specific set of indicators and methods of their calculation is selected.
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In the third stage, criterion indicators—indicators characterizing the criteria of econ-
omy, environmental friendliness, reliability and safety, and flexibility—are established. As
the criterion indicators of evaluation, the absolute increase, in % of each indicator, expressed
in natural units of measurement and characterizing the expected dynamics as a result of
project implementation is applied.

The absolute growth of each indicator characterizing the expected dynamics as a
result of project implementation was used as a criterion for assessing the results of projects.
Further, the expected results were monetized, and models of their economic evaluation
were built. Thus, non-economic results were valued.

In the fourth stage, a multi-criteria evaluation of the project is performed, which allows
taking into account the maximum “contribution” of the energy efficiency project to the
achievement of the set goals and the economic evaluation of project results.

The research materials are publicly available sources of secondary information: pub-
lications of Russian and foreign authors containing information on the practice of im-
plementing projects aimed at improving energy efficiency in the mining and mineral
processing sector.

3. Results
3.1. Energy Trilemma Principles Interpreted for the Mining Enterprise Level

The specific nature of mining enterprises allows us to adapt the principles of the
“energy trilemma”—the concept of sustainable development for the energy systems of
countries, recommended by the World Energy Council, which consists of the following:

– The principle of “safety and reliability” considers the continuity of energy supply,
the inadmissibility of disconnection from energy sources, in compliance with safety
norms and standards;
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– The principle of “energy equality” represents the implementation of measures to
optimize energy consumption between engineering and social infrastructure facilities
included in the property complex of a mining enterprise, as well as its energy sources;

– The principle of “environmental sustainability” consists of the development and
implementation of technologies and processes aimed at reducing emissions of green-
house gases, toxic substances, and other pollutants into the environment, rational
use of energy in production processes, public reporting, and communication on
environmental initiatives.

3.2. Systematization of Energy Efficiency Projects at Mining Enterprises

The study proposes two groups of attributes: the first group—targeting and expected
results—is necessary to identify the main objectives and expected results from project
implementation. These attributes allow us to clearly formulate objectives and assess the
effectiveness of the project.

The attribute “target direction” (proposed by the authors) is conditioned by global
objectives that are solved in the implementation of projects aimed at improving energy
efficiency. At the same time, the achievement of the goal “reduction of energy consumption”
can be achieved both through the introduction of new technologies (intensive energy saving)
and through organizational changes (extensive energy saving). The objective “improving
the quality of consumed and produced energy resources” envisages improving the quality
of sources (primary energy resources) and more efficient energy conversion (secondary
energy resources).

The attribute “result” (proposed by the authors) allows us to identify and summarize the
possible results of projects with different objectives.

The second group of attributes serves to provide a more detailed passportization and
accounting of projects.

The project attribute “relation to the production process” is conditioned by the need to
define its role and place in the company’s production system. This helps to determine how
the project will affect the basic and auxiliary processes, plan resources, optimize operations,
and ensure the best use of production capacity.

The attribute “nature of project activities” defines actions required to implement the
project. This attribute helps to identify the resources, skills, and approaches that will
be required for the successful implementation of the project, ensuring its targeted and
effective management: organizational—changing management processes, optimizing staff
work, introducing a motivation system for reducing energy consumption, training, and
professional development of employees; technological—introducing new technologies
or improving existing ones; technical—improving heat and power supply, introducing
automation and energy consumption control systems, defect detection systems, etc.; and
economic—changing the cost structure and creating a more efficient economic model for
the use of energy resources.

The project attribute “level of results manifestation” classifies results based on their
impact on energy efficiency: with main results—directly affect the level of energy effi-
ciency; with additional results—do not have a direct impact on energy efficiency but
create conditions for its improvement; with complex results—direct and associated results
simultaneously affect the level of energy efficiency.

The attribute “project implementation level” varies from the development of individ-
ual technologies and setting up production processes to the creation or modernization of
entire enterprises. This attribute helps to determine the level of implementation of the
project solutions—from specific innovations to the integrated development of the company.

The attribute “project scale” is determined by the scope of work, its duration, size of
investment, impact on the enterprise or society, and complexity of tasks.

The general classification is summarized in Table 1.
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Table 1. Systematization of energy efficiency improvement projects. Source: compiled by the authors.

Projects’ Systematization Attributes Project Groups Subgroups

1. Main goal

Reduction in energy consumption • Extensive energy saving
• Intensive energy saving

Improving the quality of consumed and
produced energy resources

• Improving the quality of the energy source
• Increasing energy conversion efficiency

Improving the reliability and safety of the company’s power system

Increasing the flexibility of energy resources and energy system management

2. Results Technological, environmental, economic, social, organizational

3. Relation to the production process In basic manufacturing processes, auxiliary manufacturing processes, serving processes,
and logistics and transport operations

4. Nature of project activities Organizational, technological, technical, economic

5. Level of results manifestation Main result, additional result, complex result

6. Project implementation level Technological process, production process, enterprise, company

7. Project scale Small, medium, large

3.3. Justification of the Criteria and Indicators for Evaluation

This study proposes a two-level system of criteria and indicators for evaluation:
1. The first-level criterion is the degree of achievement of the project goals in accor-

dance with the SDGs and ET. First-level indicators are variables characterizing
this criterion;

2. Criteria and indicators characterizing the results and economic results of projects are
used to assess their economic efficiency. A methodology of multi-criteria project assessment
was developed, aiming at integrating four key criteria: economic efficiency, ecological
performance, reliability and safety, and flexibility. Each of these criteria plays an important
role in ensuring the efficient functioning of mining enterprises as a whole, as well as their
energy systems.

Therefore, an energy efficiency improvement project is considered economically effi-
cient if the following apply:

(1) The project meets one of the SDG achievement criteria (as a sufficient condition),
i.e., it makes a “contribution” to accomplish specific goals. The indicators characterizing
the degree of achievement of the SDGs, set by the company (the ratio of the actual achieved
result to the established one), are accepted as evaluation indicators. Considering that this
work introduces additional criteria of flexibility and reliability, which are not included
in the company reports, the authors propose to evaluate the positive dynamics of the
indicators characterizing these criteria;

(2) During the economic assessment of a project requiring investments, a positive value
for the net present value (NPV) is ensured (a positive value is a necessary, but not a sufficient
condition), while all additional results of the project (technological, environmental, social,
organizational) should be considered as integrally as possible.

Taking into account the results of the analysis of the scientific literature, as well as the
reporting on the sustainable development of large companies, the authors propose to use
the following indicators as metrics. These are indicators characterizing the achievement of
the SDGs as a result (Appendix A) of the project implementation according to four criteria:

(1) To evaluate the performance on the basis of an “economic efficiency” criterion:
(a) The energy intensity of the production: this indicator is determined by the ratio of

the reduction in the energy intensity achieved through the implementation of the project in
accordance with the SDGs;

(b) Volume of energy consumption: this indicator is determined by a decrease in
consumption while maintaining the current energy efficiency indicator or improving it.

(2) To assess the project on the basis of an “ecological performance” criterion:
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(a) The share of energy obtained from renewable sources: this indicator is determined
as an increase in the share to that established in accordance with the SDGs;

(b) The reduction in CO2 emissions, as well as overall harmful emissions.
(3) To study the performance on the basis of a “reliability and safety” criterion:
(a) A technical utilization coefficient: this indicator is evaluated as an increase in

its value;
(b) A readiness coefficient: this indicator is determined as an increase in the equipment

readiness coefficient.
(4) To evaluate the project on the basis of a “flexibility” criterion (proposed by

the author):
(a) A coefficient for the use of the energy efficiency system: this indicator is defined as

an overall growth;
(b) A coefficient of demand management: this is the ability of the system to manage

demand and to balance generation and consumption.
The main results will be technological (technical), environmental, social, and orga-

nizational. To obtain these results, the authors use standard or well-known indicators
(calculation models), quantifying them in accordance with certain parameters specific to
each type of result. The expected outcomes are monetized based on the proposed models
of their economic assessment, taking into account the savings of the enterprise’s resources
(energy, time, etc.) and a possible increase in production volumes. Thus, non-economic
results receive a cost estimate.

In this study, the authors developed a set of indicators for the economic assessment of
the results of energy efficiency improvement projects (presented in Appendix A).

The first column contains a list of expected (possible) results of the project, both basic
and complementary. The second column contains the basic models and indicators used
to assess the various non-economic results of the project. The third column characterizes
the criteria for assessing the results (expected dynamics). The fourth column contains the
monetized calculation of the results, which allows us to obtain a cost estimate. The authors
aim to show that various projects directed at improving the energy efficiency of mining
enterprises can ultimately provide energy savings and additional production volumes. At
the same time, projects aimed at reducing emissions do not always provide such savings,
but taking into account complementary results, including organizational ones, they can
be effective. Taking into account organizational results is also necessary for assessing the
organizational flexibility of the enterprise when evaluating organizational projects related
to the formation of energy-saving behavior and environmental culture.

The procedure for assessing the results corresponds to one of the principles of the well-
known “Methodological recommendations for assessing the effectiveness of investment
projects”, recommended by UNIDO—“maximum consideration of all project results,” both
main and additional ones [63].

3.4. Multi-Criteria Assessment Methodology

The methodology involves a sequence of four steps:
Step 1. Determining the criteria and corresponding indicators.
Selecting indicators in accordance with the company’s operating conditions (Table 2).

Table 2. Criteria assessment indicators. Source: compiled by the authors.

Criterion Indicator Formula Description

Economic efficiency

Energy intensity requirements Epr =
∑ Wj
Gpr

Wj¯consumption of fuel and energy resources
of type j, reduced to conventional units,

tons of standard fuel
Gpr—quantity of manufactured products, RUB

Volume of energy
consumption ∑ Wj
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Table 2. Cont.

Criterion Indicator Formula Description

Ecological
performance

Share of energy from
renewable energy sources E = ERES

E
ERES—energy from low-carbon sources, J

E—total energy, J

Volume of CO2 emissions VCO2 = VCO21 −VCO22

VCO21 —volume of CO2 emissions without
the use of technology, tons

VCO22 —volume of CO2 emissions using
technology, tons

Reliability
and safety

Technical utilization factor P(t) = t
T

t—number of hours of equipment failure-free
operation, h.

T—operating time regime fund of all energy
equipment and installations for the year, h.

Equipment readiness factor Kg = tw
tw+tp

tw—time of correct operation, h
tp—forced downtime, h

Flexibility

Utilization factor of the
electricity storage network d = tESS

24 × 100%
tESS—number of hours of energy production

from the electricity storage network, hour

Demand management factor Rd = ∑ Preduced
∑ Ptotal

× 100%
Preduced—power reduced on demand, W

Ptotal—total power, W

Step 2. Developing a scale for level 1 indicators.
A 10-point value scale is used to assess the positive dynamics of indicators.
The developed table of point value assessment of level 1 criteria is presented below

(Table 3).
Step 3. The sum of points for the project is determined, which characterizes the degree

of achievement of the SDGs.
Step 4. Evaluation of the economic efficiency of the project according to the criteria of

level 2. The main criterion for evaluating projects is the identification of a positive value of
the net present value.

Table 3. Point value assessment indicators of level 1 criteria. Source: compiled by the authors.

Project Evaluation Criteria Indicators Range of Indicator Variation Indicator Scale, Points

1 2 3 4

Economic efficiency

Energy intensity
requirements 0–40%

0–4%—1
4–8%—2

8–12%—3
12–16%—4
16–20%—5

20–24%—6
24–28%—7
28–32%—8
32–36%—9
36–40%—10

Volume of energy
consumption 0–30%

0–3%—1
3–6%—2
6–9%—3

9–12%—4
12–15%—5

15–18%—6
18–21%—7
21–24%—8
24–27%—9
27–30%—10

Ecological performance

Share of energy from
renewable energy sources 0–10%

0%—1
2%—2
3%—3
4%—4
5%—5

6%—6
7%—7
8%—8
9%—9

10%—10

Volume of CO2 emissions 0–100%

0–10%—1
10–20%—2
20–30%—3
30–40%—4
40–50%—5

50–60%—6
60–70%—7
70–80%—8
80–90%—9

90–100%—10
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Table 3. Cont.

Project Evaluation Criteria Indicators Range of Indicator Variation Indicator Scale, Points

Reliability and safety

Technical utilization factor 0–100%

0–10%—1
10–20%—2
20–30%—3
30–40%—4
40–50%—5

50–60%—6
60–70%—7
70–80%—8
80–90%—9

90–100%—10

Equipment readiness factor 0–100%

0–10%—1
10–20%—2
20–30%—3
30–40%—4
40–50%—5

50–60%—6
60–70%—7
70–80%—8
80–90%—9

90–100%—10

Flexibility

Utilization factor of the
electricity storage network 0–40%

0–4%—1
4–8%—2
8–12%—3

12–16%—4
16–20%—5

20–24%—6
24–28%—7
28–32%—8
32–36%—9
36–40%—10

Demand management factor 0–10%

0%—1
2%—2
3%—3
4%—4
5%—5

6%—6
7%—7
8%—8
9%—9

10%—10

The assessment of the economic efficiency of projects implies the application of the tra-
ditional methodology for assessing the efficiency of investment projects with the calculation
of NPV (1):

T

∑
t

NPVt =
T

∑
t=0

Et·(1 − Itax) + At + Lt

(1 + i)t −
T

∑
t=0

Kt > 0, (1)

where NPVt—net discounted income at time t;
Et—economic effect at time t;
T—billing period;
i—discount rate;
At—depreciation at time t;
Lt—residual value at time t;
Itax—income tax rate in fractions;
Kt—volume of investment in the project at time t.
The model for estimating the economic effect of a project is the difference between the

current comprehensive economic results and the costs of achieving them (2):

Et = Rett + Reet + Rest + Reot −
M

∑
m=1

Cmt → max, (2)

where Rett —economic evaluation of the technological result;
Reet —economic evaluation of the ecological result;
Rest —economic evaluation of the social result;
Reot —economic evaluation of the organizational result;
∑M

m=1 Cmt —the total ongoing costs of the project associated with the various outputs;
Et—economic effect from the prorealization at time t.

3.5. Testing the Proposed Methodology

Using the example of the Albazinsky GOK enterprise (Polymetal AO, Albazinsky
GOK, Albazino, Russia), an economic assessment of projects aimed at increasing the energy
efficiency of the enterprise was conducted.
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The authors propose to supplement the current project for the construction of an
energy technology complex with the following project: the replacement of the energy
supply for the pumping station with a rated capacity of 100 kW with renewable energy
sources within the territory of the Albazinsky GOK.

However, these energy sources have the disadvantage of not being able to generate
energy around the clock. Today, diesel generator equipment is used to cover the necessary
demand for energy. Within the framework of this modeling, the authors propose to use an
electricity storage network together with renewable energy sources.

The results of the implementation of the basic and proposed projects are presented in
Appendix B (Tables A2 and A3).

As a result of the calculations, the basic project received a total of 20 points with
investments of RUB 1.2 billion, and the alternative project—29 points with investments of
RUB 1.279 billion.

Therefore, the second version of the project is preferable and can be recommended for
implementation in order to improve energy efficiency and sustainable development of the
mining enterprise.

4. Discussion

In the current geopolitical and economic conditions, energy conservation, ensuring
the reliability and safety of the energy equipment, technologies, and the production energy
system are priorities for mining enterprises and companies in Russia.

Mining enterprises are complex energy consumption facilities. The specifics of mining
enterprises are determined by their production structure, deposit development technolo-
gies, increased requirements for the safety of production processes, their complexity and
continuity, a high level of mechanization of work, the need to maintain social infrastructure,
the presence of its own energy infrastructure, the possibility of diversifying energy sources,
and the use of hybrid generation technologies. These features determine the conditions and
create additional requirements for the energy efficiency of the enterprise and for projects
to improve it. Therefore, the authors formulate some principles corresponding to the
principles of the “energy trilemma”, which is recommended by the World Energy Council
as a concept for the sustainable development of energy systems of countries.

Analysis of the experience of various countries in implementing energy efficiency
projects has shown the possibility of their systematization according to the proposed
attributes, which, on the one hand, allow taking into account the possibility of achieving
the SDGs and the principles of the energy trilemma, and, on the other hand, to perform
justification and comprehensive economic evaluation of projects of different levels, scales,
and expected results.

For the specifics of mining enterprises, the formulated principles and proposed sys-
tematization features made it possible to define the following project evaluation criteria:
cost-effectiveness, environmental friendliness, flexibility, reliability, and safety.

Economic efficiency is understood as the ability of an enterprise to use energy or other
resources as efficiently as possible and with minimal losses.

Ecological performance is an assessment measure that determines the degree of nega-
tive impact of a certain technology, product, or process on the environment.

The flexibility of an enterprise’s energy system is the ability of an enterprise’s energy
system to regulate the volumes and quality of consumed energy resources in accordance
with changes in internal needs and the influence of the external environment.

The reliability and safety of the energy system of the enterprise is a complex property
and is defined as the ability of the energy system to perform the functions of generating,
transmitting, distributing, and supplying consumers with electric energy in the required
quantity and standardized quality through the interaction of generating units, electrical
networks, and electrical installations of consumers.

The choice of indicators to characterize each criterion was based on the following:
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1. Some indicators are universal and mandatory sections in the sustainable development
reports of mining companies (e.g., energy intensity or CO2 emissions), which allows
for uniformity and comparability of data between different enterprises and sectors.
The choice of universal indicators for assessing the sustainable development of mining
companies not only simplifies the process of collecting information but also allows
stakeholders to analyze it comprehensively;

2. The analysis of the existing academic literature in the area of indicators for assessing
various project outcomes has shown that certain indicators (e.g., readiness factor) are
often cited as critical. Furthermore, academic papers emphasize the need to integrate
these indicators into the management and reporting system to increase transparency.
Thus, the choice of indicators is based not only on practical reporting requirements
but also on theoretical foundations, making it more informed and in line with current
trends in sustainability;

3. The criterion “flexibility” is a relatively new area of energy efficiency improvement;
therefore, universal indicators for its assessment have not been developed to date. In
this paper, the authors have proposed their own indicators.

When compiling the scale, the authors were guided by the following: since the change
in the indicator characterizing the project’s contribution to achieving the SDGs depends
on the technical (technological, organizational) capabilities and conditions of the project
itself, as well as the logic of the indicator–indicator construction, the “value” of one point
for each indicator will be different.

For example, the transition to carbon-free energy sources will allow a 100% reduction
in CO2 emissions. At the same time, as the results of the analysis of the practice of
implementation of energy-efficient projects show, the potential to reduce energy intensity
at mining enterprises can reach 40%. Therefore, the “value” of 1 point in the first case is
defined in the interval 0–10; in the second case, 0–4.

The following results were taken into account when calculating the NPV of the projects:

– Unit savings on energy costs of 769 RUB/ton of raw materials (formula R9
et,

Appendix A);
– Increase in the share of the energy storage system in the installed capacity of the power

system by 33% (formula R6
et, Appendix A).

The operating costs of the projects included the costs of equipment amortization and
equipment maintenance. They were calculated on an aggregate basis.

Unfortunately, the authors were not able to consider the impact of the project results
on the performance of the mining enterprise due to the lack of access to the financial and
economic reports of the enterprise.

The choice of indicators in the study is determined by the need to measure the ef-
ficiency of production processes and equipment at the enterprise. The proposed set of
indicators is the result of the generalization of methods contained in various sources and is
designed to assess the results of projects, primarily at the level of technologies, processes,
and structural units of the enterprise.

At the same time, in each case, the set of indicators can be customized for a specific
project. When testing the methodology in our examples, we used only the indicators
characterizing the results of implementation of the considered projects.

At the same time, the authors realize that the development of evaluation methods lags
behind the development of technologies, so the proposed set of indicators is not closed and
can be supplemented.

The choice of the object for testing the developed methodology is conditioned by sev-
eral key factors. First of all, an important factor is the availability of accessible information
about the project, which allows for a comprehensive analysis and ensures the reliability of
the results obtained. Data availability is critical for verifying the proposed methodology
and assessing its effectiveness.

In addition, the target of selection should be representative of the broader trends and
characteristics of the mining industry. For example, a company with diverse projects and
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scale of operations provides the opportunity to evaluate the methodology in a variety of
environments and scenarios, which increases its versatility.

The level of maturity and development of the facility also plays an important role.
Testing the methodology on already operating projects with established processes allows
for a clearer identification of both the opportunities and shortcomings of the proposed
methodology. This gives a better idea of its applicability.

Finally, the selection of the site should take into account the current challenges and
problems facing the mining industry. This will identify specific areas for improvement and
adaptation of the methodology to current conditions.

5. Conclusions

The main results of this study are as follows:

1. The study found that energy efficiency of the basic sectors of the economy, in particular,
the raw materials industry, is an essential condition for sustainable development
and the achievement of its goals. In modern conditions caused primarily by the
introduction of digital technologies and energy storage systems, energy efficiency can
be increased through the implementation of projects. Russian and foreign practice
of implementing projects aimed at improving energy efficiency, different in terms of
application level, scale, and expected results, necessitates systematization of these
projects for the purposes of accounting, evaluation, and reasonable choice. Currently,
there is no unified classification of projects related to energy efficiency, so the paper
attempts to substantiate the attributes used for systemizing projects—its goals, results,
nature of project activities, scale, etc.

Such systematization and deepening of evaluation parameters will be a key element
for improving the efficiency of project implementation, as well as for a reasonable analysis
of their impact on economic development and environmental stability;

2. A methodological approach to assessing energy efficiency projects was proposed
in this research. Based on the systematization of projects, the authors constructed
a set of indicators and calculation models, which allows for taking into account
various project results (technological, environmental, social, organizational) and the
developed multi-criteria assessment methodology;

3. A set of indicators and calculation models has been formed, which can be applied in
assessing the economic efficiency of projects (especially small ones). However, there
is a need to form and integrate a more extensive and logical set of criteria that not
only provide a qualitative assessment of the results achieved but also allow for a
comprehensive analysis of economic benefits and effects.

Therefore, as technology develops and sources of information expand, the set of
indicators can be supplemented with new ones. In our opinion, the assessment of social
and organizational results and effects using a set of indicators is a promising tool;

4. The developed multi-criteria assessment methodology was tested using the example
of the enterprise Albazinsky GOK, which is part of the structure of AO Polymetal.
The assessment results showed that achieving the set of projects that include the
enterprise’s SDGs is more preferable and, if funding sources are available, can be
recommended for implementation.

Prospects for further research may include improving the methodology for economic
assessment of energy efficiency projects, in particular, expanding the list of indicators for
assessing the technological, environmental, social, and organizational results of project
implementation. Improving the reliability, safety, and flexibility of the energy systems
are modern challenges for improving the energy efficiency of mining enterprises, which
requires the development of universal indicators to assess these criteria;

5. In the course of the study, it was found that currently, there is a lack of regulatory
framework and mandatory reporting requirements for sustainable development in the
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Russian Federation in the context of implementing energy efficiency projects at mining
enterprises. This situation complicates the process of data collection and analysis.
At the same time, given that a significant number of enterprises already publish
sustainability reports, it becomes obvious that sections on energy efficiency projects
should be included in these reports. This addition will increase the transparency of
the companies’ activities in the field of sustainable development and also contribute
to the implementation of the principles of the best available technology.
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Appendix A

Table A1. The results of energy efficiency improvement projects and their evaluation. Source:
compiled by the authors.

Possible Project
Outcomes

The Basic Models (Indicators)
for Evaluating the Result

Criteria for Evaluating the
Result

Indicators of Economic
Evaluation of the Result Note

Technological

Availability factor (system,
equipment) [51]

Kg = tw
tw+tp

Increasing the equipment
availability factor

R1
et = ∆tp·QP·CP

Increase in production volumes
due to reduced downtime

tw—operating time, h
∆tp—reduction in downtime, h
QP—production volume, units

CP—unit production cost, RUB/unit

Mean time between
failures [64]

MTBF =
∑m

1 ti
m

Increased MTBF

R2
et = ∆ti·QP·CP

Increase in production volumes
due to increase in equipment

operating time

∆ti—increasing the duration of equipment
operation before failure i, h

m—number of failures, units
QP—production volume, units

CP—unit production cost, RUB/unit

Probability of failure-free
operation [53]

P(t) = N0−n(t)
N0

Increasing the probability of
failure-free operation of

equipment

R3
et = ∆n(t)·Cr

Reduction in equipment repair
costs by reducing the number of

equipment failures

N0—number of observed objects that may
fail during operation, units

∆n(t)—reduction in the number of objects
that have failed by the moment t, units

Cr—equipment repair costs as a result of
failure, RUB

Increasing the service life of a diesel generator set
∆T = T2 − T1

R4
et = ∆A = A1 − A2

Savings due to reduced
depreciation payments

T1—standard service life without the use
of technology, h

T2—the standard service life with the use
of technology, h

A1—depreciation charges without the use
of technology, RUB

A2—depreciation charges with the use of
technology, RUB

The efficiency of converting
the energy potential of the
primary energy carrier into

electrical energy [53]
η = E

q

Increasing the efficiency of the
power plant

R5
et = ∆E·CE

Increase in electricity production

∆E—increase in the volume of electricity
production, J

CE—cos t of electricity production, RUB/J
q—volume of primary energy

consumption, J

The share of electric energy
storage systems (ESSs) in the

installed capacity of the power
system [54]
d =

PESS
Ptotal

Increasing the share of
electricity storage

R6
et = ∆d·QE· (P peak −Poff−peak )

Reduction in charges for
electricity consumption during

peak hours

∆d—increase in the share of energy
storage, W

PESS—power of energy storage systems, W
Ptotal—total power of the enterprise power

system, W
QE—total electricity consumption, kW

Ppeak—electricity price in the peak period,
RUB/ kW·h

Poff−peak—electricity price in off-peak
period, RUB/kW·h
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Table A1. Cont.

Possible Project
Outcomes

The Basic Models (Indicators)
for Evaluating the Result

Criteria for Evaluating the
Result

Indicators of Economic
Evaluation of the Result Note

Reduction in fuel consumption of diesel generator sets
∆Q = Q1 − Q2

R7
et = ∆Q·PT

Reduction in fuel costs

Q1—volume of fuel consumption without
the use of technology, l.

Q2—volume of fuel consumption with the
use of technology, l.

PT—fuel price, RUB/l

Reduction in electricity losses
∆E = E1 − E2

R8
et = ∆E·PkWh

Reduction in energy costs

E1—volume of electricity consumption
without the use of technology, kWh

E2—volume of electricity consumption
with the use of technology, kWh
PkWh—price of electricity per 1

kilowatt-hour, RUB/kWh

Environmental

Reduction in harmful emissions from fuel combustion by a diesel
generator set engine

∆VCO2 VCO21−VCO22

R9
eec = ∆VCO2 ·Pe

Reduction in emissions charges

VCO21 —volume of CO2 emissions without
the use of technology, tons

VCO22 —volume of CO2 emissions with the
use of echnology, tons

Pe—price for emissions, RUB/ton

Share of renewable sources in
energy consumption

E =
ERES

E

Improving the structure of
consumed energy sources

R10
eec = ±PRES·∆Qres

Savings (costs) when using
renewable energy sources

VRES—energy from low-carbon sources, J
V—total energy, J

PRES—price of renewable energy sources,
RUB/J

∆Qres—change in the volume of
renewable resources, J

Social Increasing the level of
qualifications of employees

R11
es =

(
Z − Z·iz

iL

)
·Qp

Reduction in wage costs

Z—expenses on the item “wages" in the
current year per RUB 1 of commercial

products, RUB
iz—wage index

iL—labor productivity index
Qp—output in the planned year in

wholesale prices of the enterprise, units

Organizational

Reducing the loss of an
employee’s working time R12

eo = ∆t·QP·CP

∆t—amount of working time spent on
production, man-hours.

QP—volume of production output,
units/man-hours

CP—unit cost of production, RUB/unit

Reduction in inefficient jobs R13
eo = ∆n·Zw

∆n—number of ineffective jobs cut
Zw—average salary per laid-off

employee, RUB

Energy-saving behavior and
active participation in projects
to reduce energy consumption

R14
eo= ∆N·∆B·Pen

Reducing staff training costs

N—number of people involved in
organizational measures, units

B—volume of energy resources per 1
employee, unit/person

Pen—price of energy resources, RUB/unit

Appendix B. Comparison of Energy Efficiency Improvement Projects at the
Albazinsky GOK

Table A2. Results of economic evaluation of the baseline energy efficiency improvement project.
Source: compiled by the authors.

Criterion Indicator Indicator
Change

Indicator
Scores

Criterion
Scores

Volume of Investments,
RUB bln.

Cumulative NPV,
RUB bln.

Project for the construction of an electric power complex

Economic efficiency

Energy intensity
requirements Unchanged 0

10

1.2 3.5

Volume of energy
consumption Is down 66% 10

Ecological
performance

Share of energy from
renewable energy sources Unchanged 0

10

Volume of CO2 emissions

Emissions in
scope 1 are

reduced
by 100%

10
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Table A2. Cont.

Criterion Indicator Indicator
Change

Indicator
Scores

Criterion
Scores

Volume of Investments,
RUB bln.

Cumulative NPV,
RUB bln.

Reliability and safety
Technical utilization factor Unchanged 0

0
Equipment

readiness factor Unchanged 0

Flexibility

Utilization factor of the
electricity

storage network
Unchanged 0

0

Demand
management factor Unchanged 0

Total 20 1.2 3.5

Table A3. Results of economic evaluation of the supplemented energy efficiency improvement project.
Source: compiled by the authors.

Criterion Indicator Indicator Change Indicator
Scores

Criterion
Scores

Volume of Investments,
RUB bln.

Cumulative NPV,
RUB bln.

Project for construction of a power complex, application of renewable energy sources, and energy storage system

Economic
efficiency

Energy intensity
requirements Unchanged 0

10

1.2 (base project)

0.079 (additional project)

3.5 (base project)
0.094 (additional

project)

Volume of energy
consumption Is down 66% 10

Ecological
performance

Share of energy from
renewable

energy sources
Is up 0.02% 1

11
Volume of

CO2 emissions
Emissions in scope 1
are reduced by 100% 10

Reliability and
safety

Technical
utilization factor Unchanged 0

0
Equipment

readiness factor Unchanged 0

Flexibility

Utilization factor of
the electricity

storage network
Is up 33% 8

8
Demand management

factor Unchanged 0

Total 29 1.2 3.5
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