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Abstract. This article develops an integrated indicator-based approach to measuring green efficiency in the mining indus-
try using the case of Navoi Mining and Metallurgical Company. The study combines resource productivity, environmental
load, energy value efficiency and green technology contribution into an Integrated Green Efficiency Index. The results
show that green efficiency increased steadily between 2020 and 2025, while resource and environmental loads declined.
The proposed framework demonstrates that green modernization in mining should be regarded not only as an environ-
mental obligation but also as a measurable mechanism for improving economic efficiency.

Keywords: green efficiency, mining industry, integrated indicators, resource productivity, environmental load, energy effi-
ciency, Navoi Mining and Metallurgical Company.

AHHOTauums. B ctatbe pa3paboTaH UHTErPMPOBAHHBIN MHOAMKATOPHBIV MOAXOS K OLEHKEe «3enéHon» ad(eKTMBHOCTM B
ropHO400bIBAKOLLIEN NPOMBILLIIEHHOCTU HA NpMMepe HaBomiiCKOro ropHoO-MeTanypruieckoro kombuHarta. iccnegosaxve
obbeanHaeT nokasaTenu pPecypCHOM MNPOAYKTUBHOCTM, 3SKONOrMYECKON Harpysku, 3(PdEKTUBHOCTU WUCMOSb30BaAHNS
SHEprMn 1 BKNaga «3enéHblX» TEeXHONorMn B WHTErpMpoBaHHbIN MHAOEKC «3enéHon» addeKkTMBHOCTU. PesynbTathbl
nokasbiBatoT, 4To B nepuog 2020—-2025 rr. «3enéHasa» apheKkTMBHOCTb YCTONYMBO MOBbILIANach, TOraa Kak pecypcHas
N 3Komormyeckas Harpyska CHwkanucb. lNpeanoxeHHas mMeTogouka MoKasblBaeT, YTO «3EeNEHY» MOOEpPHM3auuio B
ropHoA06bIBaloLLEN MPOMBILLIIEHHOCTM LIeNecoobpasHo paccMaTprBaTh HE TONBbKO Kak 9KOmornyeckoe obs3aTensCcrBo,
HO 1 KaK M3MEPUMBbIN MEXaHU3M MOBbILLEHNS 3KOHOMUYECKOWN 3D EKTUBHOCTMY.

KnioueBble crnoBa: «3enéHas» 3ddEeKTUBHOCTb, TOpPHOAOObLIBaOLWIAs MNPOMbILLNIEHHOCT, WHTErPUPOBAHHbIE
MHOVKATOPbI, PecypcHasi MPOAYKTMBHOCTb, 9KOJSIOTMYeckasl Harpyska, 9HeproaqdeKkTMBHOCTb, HaBOMCKWIA TopHO-
MeTannypriyeckuin KomomHar.

INTRODUCTION

The mining industry plays a dual and increasingly important role in the contemporary green transition. On the
one hand, it supplies the minerals required for renewable energy systems, digital infrastructure, electric mobility
and high-technology manufacturing. At the same time, mining is a resource-intensive industrial sector that requires
efficient management of energy, water, land and waste resources. These characteristics highlight the need for a
broader approach to measuring performance. Traditional indicators such as output volume, profit, production cost
and profitability remain important, but they are no longer sufficient for evaluating the long-term sustainability of
mining enterprises [1].

In resource-intensive sectors, efficiency must be interpreted not only as the ability to produce more, but also
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as the ability to generate greater economic value with lower resource use and reduced environmental pressure.
This is particularly relevant for large-scale mining and metallurgical enterprises, where energy intensity, water
consumption, waste generation and ecological risks directly influence production costs, investment attractiveness
and international competitiveness [2]. In this context, green efficiency becomes an integrated category that connects
economic value creation with resource productivity and environmental responsibility.!

The case of Navoi Mining and Metallurgical Company is especially relevant for such an assessment.? As one of
the largest gold-producing industrial enterprises in Central Asia, the company combines extraction, processing and
metallurgical production within a complex industrial chain. Its performance cannot be fully understood through
financial indicators alone. A broader analytical framework is needed to show whether production growth is
accompanied by more efficient resource use, lower environmental load and stronger technological modernization.

This article aims to develop and apply an integrated indicator-based approach for measuring green efficiency
in the mining industry. The proposed framework combines five indicators: Green Value Added Efficiency, Resource
Load Index, Energy Value Efficiency, Green Technology Contribution Index and Integrated Green Efficiency Index.
The study argues that such an approach makes it possible to transform green modernization from a qualitative
concept into a measurable economic management tool.

LITERATURE REVIEW

The theoretical foundation of green efficiency is closely related to the economics of exhaustible resources, green
growth, eco-efficiency, circular economy and innovation-driven competitiveness. Dasgupta and Heal emphasized
that the use of non-renewable resources should be evaluated through the logic of intertemporal efficiency, because
current extraction decisions influence future economic opportunities [3]. This perspective is highly relevant to
mining, where resource depletion and environmental impacts may create additional long-term economic costs.

The green growth approach developed by the OECD links economic expansion with improved resource
productivity and reduced environmental pressure [4]. In this framework, growth is not rejected, but its quality
becomes central. An enterprise may increase output, but if this increase is achieved through excessive energy use,
water losses and growing waste volumes, the sustainability of such growth may remain limited. Therefore, green
growth requires indicators that connect economic value with resource and environmental performance.

The World Bank’s climate-smart mining approach also highlights that mineral extraction must adapt to
the requirements of the global energy transition [5]. Mining companies are expected not only to supply critical
minerals but also to reduce emissions, improve water stewardship, manage waste responsibly and integrate
cleaner technologies. This creates a demand for measurable indicators that allow firms, regulators and investors to
evaluate whether green technologies actually improve performance.

Porter and van der Linde argued that environmental requirements can stimulate innovation and improve
competitiveness when firms redesign production processes and reduce resource inefficiencies [6]. In mining, this
argument can be extended to energy-saving equipment, closed water circulation systems, digital monitoring, waste
recycling and cleaner processing technologies. Such innovations may initially require capital investment, but they
can reduce operating costs and strengthen long-term competitiveness.

The circular economy literature also provides an important conceptual basis. Stahel’s performance economy
emphasizes the extension of resource value through reuse, repair, remanufacturing and recycling [7]. In mining,
this logic can be adapted through the reprocessing of tailings, recovery of valuable components from metallurgical
residues, reuse of water and transformation of waste into secondary raw materials. In this sense, waste becomes
not only an ecological problem but also a potential economic asset.

Existing studies on mining performance often use separate indicators such as energy intensity, water
consumption, emissions, waste generation, output growth or profitability [8]. However, separate indicators provide
fragmented information. A company may improve energy efficiency while environmental load remains high, or
it may increase added value while resource pressure also increases. Therefore, an integrated indicator system is
required to evaluate the overall direction of green efficiency.

RESEARCH METHODOLOGY

The study uses a systematic indicator-based methodology. The core idea is that green efficiency in mining
should be measured through the interaction of economic value, resource use, environmental load, energy efficiency
and technological contribution. The proposed system includes five indicators.

1 The term “green efficiency” in this article refers to the ability of a mining enterprise to generate economic value while reducing
resource intensity, energy burden and ecological pressure.
2 Navoi Mining and Metallurgical Company is used as a case because of its strategic role in Uzbekistan’s mining and metallurgical

industry and the availability of indicator-based internal analytical data.
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Table 1. Integrated indicators for measuring green efficiency in mining?

Indicator Full name Analytical meaning Expected direction
GVAE Green Value Added Efficiency | Economic value created per resource input Higher is better
RLI Resource Load Index Environmental and resource pressure per Lower is better
production activity
EVE Energy Value Efficiency Economic value created per energy-related Higher is better
cost
GTCI Green Technology Contribution | Contribution of green technologies to resource | Higher is better
Index saving
IGEI Integrated Green Efficiency Composite measure of green economic Higher is better
Index efficiency

The methodological logic is straightforward. If a mining enterprise creates more value from each unit of
resource, reduces environmental load, improves energy value efficiency and increases the contribution of green
technologies, then its overall green efficiency should rise. Conversely, if output growth is accompanied by increasing
resource and environmental pressure, its contribution to green efficiency may be limited. The Integrated Green
Efficiency Index can be expressed conceptually as follows:

IGEI = f(GVAE, RLI, EVE, GTCI)

In this relationship, GVAE, EVE and GTCI are positive contributors, while RLI is a pressure indicator whose
reduction improves the final index. The model therefore reflects both value creation and the reduction of resource
and environmental pressures.*

Economic value creation

Resource productivity measured through GVAE ‘

5

Environmental and resource pressure measured through J
RLI

Energy value creation measured through EVE

Green technology effect measured through GTCI

Integrated Green Efficiency Index

Figure 1. Conceptual model of integrated green efficiency measurement®

The empirical part of the study uses the 2020-2025 indicator dynamics of Navoi Mining and Metallurgical
Company. The selected period is sufficient to observe the transition from initial green modernization to more
systematicefficiency effects. The analysisis based on dynamic comparisonrather than cross-sectional benchmarking,
because the aim is to identify internal transformation trends within a large mining enterprise.®

ANALYSIS AND RESULTS

The results show a clear improvement in the green efficiency performance of Navoi Mining and Metallurgical
Company between 2020 and 2025. The most important finding is the simultaneous increase in GVAE, EVE and GTCI
together with the decline in RLI. This indicates that the company not only generated more economic value from

3 Source: Developed by the authors

4 GVAE, RLI, EVE, GTCI and IGEI are interpreted in this article as methodological indicators for integrated green performance
assessment rather than as standard accounting indicators.

5 Source: Developed by the authors

6 The 2020-2025 indicator values are based on the analytical calculations presented in the dissertation materials prepared for article

development.
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resources but also reduced resource and environmental load.

Table 2. Green efficiency indicators of Navoi Mining and Metallurgical Company”’
Year | GVAE RLI EVE GTCI IGEI

2020 (2.2190 |0.1144 |3.2627 |0.0027 |0.1737
2021 (24335 |0.1062 |3.5517 |[0.0043 |0.3481
2022 [2.8142 |0.0958 |4.0800 [0.0055 [0.6614
2023 |3.2394 |[0.0852 |4.6422 |0.0075 |1.3169
2024 |3.8613 [0.0753 |5.5146 |0.0091 [2.5805
2025 |[4.6048 |[0.0672 |6.5464 [0.0107 [4.7752

The GVAE indicator increased from 2.2190 in 2020 to 4.6048 in 2025. This means that the economic value
generated relative to resource input more than doubled. Such growth suggests that resource productivity improved
not as a marginal effect but as a structural tendency. In practical terms, the enterprise became more capable of
producing value without proportionally increasing resource use.

The RLI indicator decreased from 0.1144 to 0.0672 over the same period. This is important because green
efficiency cannot be confirmed only by rising value indicators. The decline in RLI means that resource and
environmental pressure per unit of activity decreased. In mining, this may reflect better water management,
reduced resource losses, improved technological control and more systematic environmental planning.®

The EVE indicator increased from 3.2627 in 2020 to 6.5464 in 2025. This indicates that energy-related
expenditures generated greater economic value over time. Since mining and metallurgical processes are energy-
intensive, this improvement has direct implications for production costs and competitiveness. Energy efficiency is
therefore not only an environmental criterion but also a cost management instrument.

The GTCI increased from 0.0027 to 0.0107. Although the absolute values are relatively small, the trend
is significant because it shows the growing contribution of green technologies to overall performance. In the
initial period, green technologies had limited measurable impact. By 2025, however, they became a more visible
component of the company’s economic and environmental efficiency.

The IGEI increased from 0.1737 in 2020 to 4.7752 in 2025. This is the most important result of the analysis. It
suggests that the combined effect of resource productivity, lower environmental load, energy value efficiency and
green technology contribution produced a strong upward trend in integrated green performance.’

Figure 2. Dynamics of IGEI during 2020-2025

IGEI

2020 2021 2022 2023 2024 2025
Year

Source: developed by the author

Figure 2. Dynamics of IGEI during 2020-2025%

The results show that the period can be divided into three stages. The first stage, 2020-2021, represents the
initial formation of green efficiency. The second stage, 2022-2023, represents acceleration, when green technologies

7 Developed by the authors

8 A decrease in RLI is interpreted as a positive result because it reflects a reduction in resource and ecological load.

9 The IGEI value should be interpreted dynamically. Its analytical importance lies not only in the absolute level of the index but also in
the direction and speed of change over time.

10  Source: Developed by the authors
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began to produce visible economic effects. The third stage, 2024-2025, represents consolidation, when integrated
green efficiency became a major component of the company’s overall performance.

The findings confirm that mining efficiency should be measured through integrated indicators rather
than isolated financial metrics. If only profitability or production volume is considered, management may give
insufficient attention to resource use, energy intensity and environmental impacts. By contrast, the proposed
indicator framework shows how economic value is connected to resource-saving and green technology.

The case of Navoi Mining and Metallurgical Company suggests that green transformation can contribute to
economic value creation alongside meeting environmental requirements. The growth of GVAE shows that resource
productivity improved. The decline of RLI shows that ecological and resource pressure decreased. The growth of
EVE indicates that energy efficiency contributed directly to economic performance. The rise of GTCI confirms that
green technologies became increasingly relevant for production efficiency. Together, these indicators explain the
rapid increase in IGEL

This result supports Porter and van der Linde’s argument that environmental modernization can strengthen
competitiveness [6]. In mining, this competitiveness is created through lower resource intensity, reduced
production costs, improved sustainability profile and stronger investment attractiveness. The findings also support
the circular economy logic because resource-saving measures help reduce waste and transform ecological burdens
into potential economic value [7].

From a managerial perspective, the proposed framework can be used as a decision-making tool. GVAE helps
managers understand whether resource inputs are generating sufficient value. RLI shows whether ecological
pressure is decreasing. EVE measures whether energy efficiency projects are economically justified. GTCI evaluates
whether green technologies are becoming productive assets. IGEI summarizes the overall direction of green
transformation.

Table 3. Managerial interpretation of the indicator system?!

Management question Indicator Practical meaning

Are resources generating more value? GVAE Measures resource productivity

Is ecological pressure decreasing? RLI Measures resource and environmental
load

Is energy use economically efficient? EVE Measures energy-value relationship

Do green technologies create measurable benefits? GTCI Measures technological contribution

Is the overall system becoming greener and more IGEI Provides an integrated strategic signal

efficient?

The framework can also support ESG reporting and green finance. Mining companies increasingly need credible
quantitative indicators to demonstrate progress in environmental performance. An integrated green efficiency
index can provide a concise but meaningful signal for investors, regulators and stakeholders. However, it should not
replace detailed environmental reporting. Instead, it should complement technical, ecological and financial data.

The main limitation of this article is that it focuses on one company case. While the indicator logicis transferable,
the specific numerical dynamics reflect the conditions of Navoi Mining and Metallurgical Company. Future studies
may apply the same framework to other mining enterprises in Central Asia or compare gold, copper, uranium
and coal mining companies. Another direction for future research is to test the statistical relationship between
green efficiency indicators and financial outcomes such as profitability, cost reduction, export competitiveness and
investment attraction.

CONCLUSION AND SUGGESTIONS

This article developed an integrated indicator-based approach for measuring green efficiency in the mining
industry. The proposed framework combines GVAE, RLI, EVE, GTCI and IGEI indicators to evaluate economic value
creation, resource pressure, energy efficiency and green technology contribution in a unified system.

The case of Navoi Mining and Metallurgical Company shows that integrated green efficiency improved
significantly during 2020-2025. IGEI increased from 0.1737 in 2020 to 4.7752 in 2025, indicating a major shift
from early-stage green transformation toward consolidated green efficiency. GVAE and EVE increased steadily, RLI
declined, and GTCI rose, showing that resource-saving technologies and green innovation increasingly contributed
to economic performance.

The study concludes that green efficiency in mining should be understood not as a purely environmental

1" Source: Developed by the authors
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concept but as an economic-management category. A mining enterprise can achieve higher overall efficiency when
it creates more value with lower resource pressure, higher energy productivity and a stronger contribution from
green technologies. Therefore, integrated green efficiency indicators can serve as a useful methodological tool for
mining companies, policymakers, investors and sustainability analysts.
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