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i Abstract. The aim of the study was to determine the impact of managerial and technological changes in energy use on
the performance of industrial companies. The methodology was based on theoretical, empirical and comparative methods
for analysing the effects of energy efficiency and sustainable energy consumption. The economic mechanisms of the
impact of investments in energy efficiency were identified: reduction of specific energy costs and volatility of operating
expenditure, increase in total factor productivity, and hedging of regulatory and price risks. It was emphasised that the
effect is significantly enhanced by the availability of digital technologies (artificial intelligence-based energy management,
predictive maintenance) and access to financing, while tight credit conditions remain a key barrier to the implementation
of energy efficiency projects. It has been established that investments in energy efficiency reduce energy costs and risks,
increase operational efficiency and competitiveness through modernisation and digitalisation, while limited financing
and low digital maturity of enterprises remain the main obstacles. Metinvest Holding reduced its energy consumption to
~ 8.2 billion kWh in 2024 and allocated USD 145 million to energy efficiency, Interpipe maintained the highest Earnings
Before Interest, Taxes, Depreciation, and Amortisation margin of 34%, while ArcelorMittal invested ~ USD 110 million in
decarbonisation programmes. It has been found that in Ukraine, the share of renewable energy sources in production in
2024 is 8.7%, 17-18% in summer, 4-7% in winter, with profits for large/medium-sized enterprises at 776.4 — 947.3 billion
UAH (+22%) and loss-making companies at ~22.1%. Ukrainian industry proved that even in crisis conditions, energy
efficiency programmes ensure cost reduction, profit growth and increased sustainability of enterprises. It is advisable to
implement comprehensive energy efficiency programmes — a combination of technical solutions, digital management
systems and financial monitoring of savings. The results can be used by companies and government agencies to improve
energy efficiency and develop sustainable energy consumption strategies, particularly in Ukraine
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@ Introduction

Energy consumption in industry is becoming one of the
main factors in sustainable development and competi-
tiveness. Improving energy efficiency, transitioning to
resource-saving technologies and minimising carbon foot-
prints are not only environmental but also economic chal-
lenges. In the context of global energy challenges caused
by stricter climate policies, rising energy prices, and the
need to improve national energy security, the implemen-
tation of sustainable energy consumption programmes is
seen as a strategic direction for industrial modernisation
and a fundamental tool for long-term economic growth,
including in Ukraine.

Scientific research confirms that the economic feasi-
bility of energy modernisation of industrial enterprises is
based on optimising the structure of energy consumption
and adapting technological processes. A. Huang et al. (2025)
proved that combining economic and environmental opti-
misation can reduce energy costs by 15-25% and cut specif-
ic CO2 emissions, demonstrating the mutually reinforcing
effect between energy efficiency and financial performance
in production. This meant that investments in hybrid ener-
gy systems generate long-term economic benefits, increas-
ing the competitiveness of the industrial sector even in
conditions of energy instability. The study by T. Schmitt et
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al. (2025) contributed to the development of methods for
improving energy efficiency by proving the effectiveness
of simulation and optimisation approaches in industrial
management. The authors found that such integration of
optimisation models increases not only energy efficiency
but also production productivity, providing a sustainable
economic effect for enterprises.

J. Kim et al. (2024) emphasised that energy, material
and resource efficiency should be considered comprehen-
sively, as it is the synergy of technological innovations and
socio-technical systems that ensures the maximum eco-
nomic effect of industrial decarbonisation. Countries that
implement policies to promote resource efficiency gain an
additional 1.5% in gross domestic product (GDP) growth
each year by reducing their dependence on imported en-
ergy and increasing domestic investment. This has shaped
a systemic view of the link between energy strategy, in-
dustrial innovation and macroeconomic growth J. Andri-
jevskaja & A. Volkova (2025) summarised quantitative ap-
proaches to energy conservation assessment and showed
that systematic management of energy consumption data
improves the accuracy of forecasting and the rationality of
investment decisions in the industrial sector. The use of
combined indicators of energy intensity and economic per-
formance allowed the authors to identify the most effective
areas for modernising production processes, deepening the
understanding of the relationship between analytical ac-
counting of energy resources and improving the overall
economic efficiency of enterprises.

One of the key aspects of the economic efficiency of en-
ergy modernisation is the identification of internal causes
of irrational energy consumption and opportunities for its
optimisation. The work of J. Ma (2024) focused on a cause-
and-effect analysis of energy inefficiency and showed that
management losses and ignoring dynamic consumption
factors significantly reduce the economic return on invest-
ment in the modernisation of production systems. This
approach highlighted the relationship between the qual-
ity of management decisions and the financial results of
energy efficiency programmes. Increasing the flexibility of
electricity consumption in industry as a factor in reducing
costs and stabilising the energy balance was studied in a
study by S. Rojas-Innocenti et al. (2025). The authors com-
pared different configurations of industrial enterprises and
found that the adaptability of electricity consumption sys-
tems allows for a reduction in peak loads and savings of
up to 8-12% in energy costs, which directly affects the cost
of production. The results confirm the economic feasibility
of implementing flexible energy management systems as
an effective tool for increasing the competitiveness of the
industrial sector.

In the Ukrainian context, the issue of sustainable ener-
gy consumption is critical due to energy challenges caused
by the war, rising energy prices, and the need to reduce
import dependence. F. Mei et al. (2024) found that corpo-
rate social responsibility is one of the factors contribut-
ing to increased energy efficiency in Ukrainian industrial

companies. The authors demonstrated a positive link be-
tween the level of corporate social responsibility and the
reduction of specific energy consumption, indicating the
potential synergy of socio-economic and technological in-
struments in the sustainable development of enterprises.
A study by V. Horskyi (2025) revealed an increase in the
efficiency of thermal energy consumption by Ukrainian in-
dustrial enterprises under environmental constraints and
proved that the introduction of heat recovery technologies
can reduce the energy intensity of products by up to 30%,
increasing competitiveness in the European market. This
revealed the economic potential of recovery technologies
in Ukrainian industry and highlighted their importance for
the implementation of a low-carbon development strategy
for the national economy. U. Andrusiv et al. (2023) proved
that systematic assessment and forecasting of fuel and en-
ergy resource use make it possible to optimise the struc-
ture of the national energy balance and reduce the finan-
cial burden on the industrial sector. The results obtained
have deepened the understanding of the role of analytical
forecasting in improving the effectiveness of Ukraine’s en-
ergy policy and its ability to ensure sustainable economic
growth under resource constraints.

However, despite the availability of research, there
was a lack of comprehensive analysis of the economic con-
sequences of implementing sustainable energy consump-
tion programmes at the level of industrial companies, as
most studies have a technical, technological or environ-
mental focus. In the Ukrainian context, the issue of in-
tegrating energy efficiency into corporate strategies and
financial planning of enterprises has been considered to
a limited extent. There is also a need for further research
on assessing the multiplier effect of energy modernisa-
tion, in particular its impact on employment, innovation
activity and long-term profitability. Thus, the aim of the
study was to substantiate the economic prerequisites and
results of improving the energy efficiency of the industri-
al sector through the implementation of solutions aimed
at optimising energy consumption and strengthening the
competitiveness of enterprises. To achieve this aim, the
relationship between the level of technological modern-
isation, digital maturity and financial indicators of enter-
prises in various industries in Ukraine was investigated,
the economic effects and barriers to the implementation
of rational energy consumption programmes were sum-
marised, and the conditions for their impact on sustain-
able growth in efficiency and profitability were identified,
with adaptation to the Ukrainian context.

W Materials and Methods

The study covered a comprehensive approach that in-
volved the use of analysis, comparison and generalisation
methods to assess the economic effects of sustainable en-
ergy consumption, study the impact of energy modernisa-
tion and identify areas for adapting effective models to the
conditions in Ukraine. Economic mechanisms were pre-
sented for the impact of investments in energy efficiency
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(EE) on the performance of industrial enterprises, reducing
operating expenditure (OPEX) (Amendola et al., 2024) and
increasing total factor productivity (TFP) (Na et al., 2025).
The effect of hedging price and regulatory risks (Dorigoni
& Anzalone, 2024) and the role of digitalisation (Artificial
Intelligence (Al), predictive maintenance) and financing
as mediators of this relationship (Li et al. 2025) were con-
sidered. The main goal was to build a theoretical frame-
work for the economic effect of EE and to form an analyti-
cal basis for further analysis. The effect of EE programmes
on profitability was assessed using energy intensity indi-
cators (kWh/t; GJ/t), specific energy costs in production
costs (%), and financial metrics (EBITDA, margin). EBITDA
elasticity with respect to energy intensity and a compari-
son of the “before/after” implementation of projects were
used for interpretation.

Using the comparative analysis method, the ener-
gy and financial results of leading industrial companies
in Ukraine — Metinvest Holding (2023), Interpipe (2023;
2024) and ArcelorMittal (2024) based on publicly available
corporate reports for 2023-2024 (the analysis was based
on data for 2023-2024 as the latest available and relevant).
The companies’ data covered various types of energy strat-
egies (modernisation, digitalisation, decarbonisation),
which made it possible to compare the effectiveness of dif-
ferent approaches to sustainable energy consumption in
the Ukrainian context. For each enterprise, the following
indicators were assessed: energy consumption, energy bal-
ance structure, energy costs, capital expenditure (CAPEX),
profitability (Earnings Before Interest, Taxes, Deprecia-
tion, and Amortisation (EBITDA), margin, net profit) and
implementation of energy efficiency programmes. The ob-
jective of this stage was to empirically verify the econom-
ic effect of sustainable energy consumption programmes
at the level of individual enterprises and to confirm the
correlation between energy modernisation, digitalisation,
and financial results (profitability, return on investment,
operational stability).

Using empirical methods of comparative and struc-
tural analysis, a quantitative assessment of the conditions
for implementing sustainable energy consumption pro-
grammes was carried out. To this end, Ukraine’s key energy
and financial indicators for 2023-2024 were analysed based
on official reports from BDO (2023) (Binder Dijker Otte),
NERC (National Energy and Utilities Regulatory Commis-
sion of Ukraine) (2023) and the State Statistics Service of
Ukraine (2025). Additional information for comparative
analysis was obtained from reports by the International
Energy Agency (2025), DiXi Group (2025a; 2025b), Energy
Partnership Ukraine (2024) and Ember (2024). The select-
ed criteria (installed capacity of RES (renewable energy
sources), share of RES in electricity generation, volumes of
“green” generation, investments in RES/ (Distributed Ener-
gy Resources (DER) and total corporate profits) represented
the technical, structural, financial and performance com-
ponents of energy development. They were selected due
to the need to reflect both the resource base and the level

of energy independence, as well as the economic effect of
modernisation on the national economy. The objective of
this stage was to determine the relationship between the
dynamics of renewable energy development, investment
activity and the financial results of industry, which made
it possible to comprehensively assess the economic con-
ditions of Ukraine’s energy transition in 2023-2024. In
addition, an analytical summary of the data obtained was
carried out with the construction of comparative series and
dynamic indicators for 2023-2024. This made it possible to
track changes in the structure of the energy balance, invest-
ment activity and financial results of industrial enterprises.
The relationship between the development of renewable
energy sources, the share of RES in electricity production,
the volume of investments in DER, and the aggregate profit
of enterprises was assessed by comparing the growth rates
of the relevant indicators. Based on these calculations, the
economic mechanisms of the impact of energy efficiency
programmes on the profitability and productivity of enter-
prises were determined.

W Results and Discussion

In industry, investments in energy efficiency (EE) operate
through three main mechanisms: the sustained reduction
of specific energy costs and OPEX volatility, which direct-
ly supports profit margins and reduces the risk of cash
gaps; the growth of operational efficiency (from reduced
downtime and defects to optimised capacity utilisation),
which increases total factor productivity (TFP) and en-
hances firms’ ability to withstand price competition; and
the strategic hedging of regulatory and price risks (carbon
payments, tariffs), which helps stabilise cash flows and the
cost of capital (Dorigoni & Anzalone, 2024; Romero-]Jor-
dan et al., 2025). The effect is significantly amplified when
complemented by digitalisation (Al-based energy man-
agement, predictive maintenance), as algorithms enable
additional savings from existing assets and accelerate
the payback of modernisation projects (Li et al., 2025). A
major constraint is access to finance: tight lending con-
ditions lead to systemic underinvestment in EE projects
even when they have a positive Net Present Value (NPV),
delaying benefits for profitability and business resilience
(Zhang et al., 2025).

At the business-model level, EE increases energy pro-
ductivity (output per unit of energy consumed), which is
transformed into higher factor productivity and competi-
tiveness due to lower production costs and greater pricing
flexibility. For energy-intensive industries (steelmaking,
chemicals), this creates a long-term “profitability frame-
work”: the effect is not one-off but accumulates with each
shift in the technological paradigm (Na et al., 2025; Rome-
ro-Jordan et al., 2025). However, potential diminishing re-
turns must be considered (the most profitable measures
are implemented first), as well as the rebound effect, where
part of the savings is absorbed by increased production vol-
umes. This creates the need for comprehensive portfolios
of EE solutions and management practices that allow sav-
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ings to be captured in companies’ financial results (Amen-
dola et al., 2024).

The practical implementation of these approaches
covers the following areas: equipment modernisation —
targeted replacement or retrofitting of components with
high energy profiles (furnaces, compressors, drives, heat
exchangers) aimed at reducing specific energy consump-
tion and maintenance costs; in metallurgical processes
this includes heat recovery, optimisation of blast param-
eters/calcination and electrification of selected stages
(Na et al., 2025); energy-efficient technologies — tech-
nical and digital solutions enabling the same production
output with lower energy use: variable-speed drives, heat
recovery, high-efficiency burners, VSD pumps, as well as
Al-based dispatching systems and predictive maintenance,
which reduce peak loads and downtime (Li et al., 2025);
and resource consumption optimisation — the managerial
layer atop the technical base: Energy Management Sys-
tems (EnMS), KPIs of energy intensity per unit of output,
dynamic shift and load planning, “energy budgeting” and
savings verification. It is this layer that converts the tech-
nical potential of EE into sustained financial returns and
TFP growth (Sitompul et al., 2024). This means that EE var-
iables (CapEx for modernisation, technology adoption, and
managerial practices) should statistically correlate with in-
dicators of profitability and productivity (margin, EBITDA,
Return on Assets (ROA), energy intensity, TFP). At the same
time, the strength of this relationship is mediated by access
to finance and the level of digital maturity of the enterprise
(Zhang et al., 2025, Li et al., 2025).

Renewables and energy-efficiency programmes are ac-
companied by a range of systemic barriers that determine
the speed and scale of their deployment in global indus-
try. The most significant of these is financial constraint:
the high capital intensity of energy-efficiency projects
and limited access to credit resources suppress firms’ in-
vestment activity. Companies facing financial restrictions
invest 30-40% less in energy-efficiency measures, where-
as an easing of credit constraints can increase energy ef-
ficiency by an average of 7 percentage points (Zhang et
al., 2025). Another structural challenge is the high energy
intensity of heavy industry, particularly the steel sector.
Modernising production can reduce energy consumption
by 108.6 kg of standard fuel per tonne of output, cut CO,
emissions by 539 kg/t and generate an economic benefit of
around 97.6 CNY/t (Na et al., 2025). However, such results
are achievable only with large-scale capital investment,
which makes the decarbonisation process financially vul-
nerable in itself.

Equally critical is the technological gap and low level
of digitalisation. The use of Al systems and digital energy
management has proven capable of significantly reducing
production energy intensity. At the same time, most com-
panies in developing countries (Indonesia, Vietnam, Brazil)
lack access to such technologies (Li et al., 2025), creating a
gap between potential and actual modernisation practices.
An additional obstacle is institutional and regulatory in-
stability. The absence of consistent, long-term energy-effi-
ciency policy diminishes the effectiveness of implemented
programmes. Improvements in energy productivity can
stimulate TFP growth, but only under conditions of coher-
ent state support and a stable institutional environment
(Romero-Jordan et al., 2025). Fragmented policies, on the
other hand, undermine investor confidence and compli-
cate the achievement of long-term outcomes (Amendola et
al., 2024). Profitability volatility is also observed due to po-
litical and market uncertainty. Even in developed markets,
companies’ financial results depend on macroeconomic
conditions. Investment in renewables increases profitabil-
ity indicators but does not reduce the Weighted Average
Cost of Capital (WACC), indicating the persistence of finan-
cial risks (Dorigoni & Anzalone, 2024).

Another major challenge is investment risk under
uncertainty. Even during energy crises, firms continue to
invest in renewables and energy efficiency, but only on a
limited scale and with elevated risk. This gives rise to the
phenomenon of “risk-adjusted payback”, in which a pos-
itive NPV does not guarantee the actual implementation
of projects. The heterogeneity of results across sectors and
countries forms a barrier to predictability: studies confirm
the positive impact of renewables on company perfor-
mance but highlight considerable variation depending on
industry structure, institutional conditions and technolog-
ical maturity (Sitompul et al., 2024). Such variability un-
derscores the need to adapt energy-efficiency strategies to
national contexts, particularly in Ukraine, where the com-
bination of wartime risks and limited financial resources
shapes a unique configuration of barriers and opportuni-
ties for energy modernisation. Despite these systemic bar-
riers, Ukraine shows gradual recovery of its energy sector
and adaptation of industry to wartime conditions. The im-
plementation of energy-efficiency programmes, the devel-
opment of renewables and the modernisation of thermal
generation remain priority areas for ensuring economic
and energy resilience. Table 1 presents an analysis of indi-
cator dynamics, enabling the tracing of trends in the trans-
formation of the energy balance, investment structure and
industrial sector profitability.

Table 1. Key energy indicators for Ukraine (2023-2024)

(GW, excluding HPP)

Indicator 2023 2024 Description
As of mid-2024: about 7 GW, including ~6 GW of solar generation.
Installed RES capacit Losses in the southern regions (due to events in 2022) amount to 30-
pacity ~7.0 ~7.0 40% of capacity (~1.1-1.5 GW). Total losses from March-July 2024=9.2

GW. Approximately 3 GW of thermal generation has been restored

thanks to repairs.
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Table 1. Continued

Indicator 2023 2024 Description
8.7 In 2024, the share of RES decreased to 8.7% (compared with 9.4%
Share of RES in ~10.0 (annual); |in 2021). During summer, the share reaches 17-18%, while in winter RES
electricity generation (%) ’ 17-18 covers only 4-7% of consumption. Nuclear power accounts
(summer) for 55-60% (up to 7.5 GW of capacity in winter).
Volumes of “green” Zﬁisgégléﬁ;iﬁzzz In 2023, the “Guaranteed Buyer” purchased 7,936 thousand MWh
generation/purchases Buver” from RES - (+27% compared to 2022) totalling UAH 40.4 billion. Average tariff —
(thousand GWh) V! UAH 5.13/kWh. No data available for 2024.
producers)
Investments in RES / DER Total RES investment at the beginning of 2022 was estimated at USD 12
(billion USD, cumulative /| ~12+ (estimated) 15.5-23 | billion. Forecast expenditure on DER development for 2023-2025 is USD
forecast) 15.5-23 billion, which may ensure up to 5.6% system-wide cost savings.
Profit of enterprises T76.4 9473 In 2023, the total profit of large and medium-sized enterprises reached
(billion UAH, total) ’ : UAH 776.4 billion; in 2024 it increased to UAH 947.3 billion (+22%).

Source: compiled by the author based on BDO (2025), NERC (National Energy and Utilities Regulatory Commission of Ukraine) (2023),
State Statistics Service of Ukraine (2025), International Energy Agency (2025a), DiXi Group (2025a,2025b), Energy Partnership

Ukraine (2024), Ember (2024)

Table 1 provides important data on the energy situa-
tion in Ukraine, in particular on renewable energy sources,
“green” generation volumes, investments in RES and DER,
as well as financial indicators of enterprises. In 2023, the
installed capacity of RES in Ukraine was approximately
7.0 GW, and this figure remained unchanged in 2024. The
bulk of this capacity is solar generation, which accounts
for about 6 GW. According to the table, attacks on energy
infrastructure in the southern regions resulted in the loss
of 30-40% of capacity, which is approximately equal to 1.1-
1.5 GW. Total losses due to attacks between March and July
2024 amounted to 9.2 GW, but repairs restored about 3 GW
of thermal generation. The share of RES in electricity pro-
duction in 2023 was about 10%, and in 2024 this figure fell
to 8.7% (for the year). However, in the summer, the share of
RES can reach 17-18%, while in winter this figure drops to
4-7%. This highlights the seasonal dependence of electrici-
ty generation on RES, indicating the need to develop energy
storage systems. In 2023, the State Enterprise “Guaranteed
Buyer” purchased 7,936 thousand GWh of “green” electric-
ity from RES producers, which is 27% more compared with
2022.This indicates a positive trend in supporting renewable
energy sources in Ukraine. Data for 2024 are not available,
which may point to difficulties with reporting or a reduction
in purchase volumes due to national instability. At the be-
ginning of 2022, cumulative investments in RES amounted
to roughly USD 12 billion. The forecast for 2024 suggests an
increase to USD 15.5-23 billion by 2030. This makes it pos-
sible to estimate potential cost savings of up to 5.6%, which

is important for supporting the sustainable development
of the renewable energy sector. In 2023, the profit of large
and medium-sized enterprises in Ukraine totalled UAH
776.4 billion, and in 2024 this figure rose to UAH 947.3 bil-
lion, which represents an improvement of 22%. However, de-
spite overall profit growth, around 22.1% of enterprises re-
mained unprofitable, indicating an uneven impact of energy
efficiency programmes at the level of individual companies.

Overall, the data in Table 1 indicate a certain stability
in Ukraine’s energy sector for 2023-2024, although there
are several challenges: capacity losses due to military ac-
tions and seasonal fluctuations in the share of RES indicate
the need to improve infrastructure for a stable energy sup-
ply. The growth in “green” generation and investment in
RES and DER is a positive sign for the development of the
renewable energy sector, but this process requires further
investment and political stability to ensure long-term en-
ergy independence. The growth in corporate profits indi-
cates an improvement in the financial situation in Ukraine,
but to ensure business stability, it is important to reduce
the share of loss-making enterprises and increase the effi-
ciency of energy programmes. For a more detailed compar-
ison of the impact of energy efficiency and RES develop-
ment programmes on key energy and financial indicators, a
comparative analysis of three leading industrial companies
in Ukraine — Metinvest, Interpipe and ArcelorMittal — was
conducted. Table 2 provides data on energy consumption,
energy costs, investments and profitability of these compa-
nies in 2023-2024.

Table 2. Comparative energy and financial indicators of industrial companies in Ukraine (2023-2024)

Indicator Metinvest Holding Interpipe ArcelorMittal Comment/trend
~ 4,800 million kWh (estimate | In 2024, Metinvest reduced energy
. based on average consumption | consumption through modernisation
Total energy ~ 8,200 million kWh ND (not disclosed in 2021-2022, adjusted for and energy audits; ArcelorMittal
consumption in open sources) . :
reduced production due to demonstrates stable consumption
martial law) despite production restrictions
Share of 12% (own solar PV | ND (not disclosed; | _ ., « » Metinvest has the highest level of
; . . = 10% (purchase of “green . . . .
renewables | plants, biogas projects, | partial use of own L. . RES integration, while ArcelorMittal
X electricity from ArcelorMittal . . ) « »
in energy external green-energy | solar PV plants at ; is gradually increasing the “green
; . . . Energy suppliers) . -
consumption suppliers) industrial sites) share in its consumption structure

Management and Business, Vol. 4, No. 1
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Table 2. Continued

Indicator Metinvest Holding Interpipe ArcelorMittal Comment/trend
Enerev carrier ~ USD 290 million (a 12% Metinvest sees a decrease in
8Y ¢ - ND (integrated into y/y increase due to rising energy costs thanks to production
expenditures, USD 1,080 million . .. A . .
N production cost) electricity and natural gas | optimisation, while ArcelorMittal sees
million USD . . -
tariffs) an increase due to price pressure
[(Jiigels‘t‘; Lnrﬁls“l’: USD 31 million =~ USD 110 million
CAPEX N (not itemised (investments in Largest investments in ArcelorMittal
decarbonisation, Lo .
for energy . separately, decarbonisation programmes, as part of the decarbonisation
. equipment . . N
efficiency e included in total | blast furnace modernisation, programme
modernisation, and .
- CAPEX) and energy audits)
energy audits)
= USD 420 million (estimate .-
for the local division based all?zgenalszig:g;aebtlggnacrg?: d
EBITDA USD 2,519 million | USD 337 million | on its share of ArcelorMittal’s | eratiogal fioncy an 5’ oo
global EBITDA for 2024=UsSD | P Y &
o management
7.1 billion)
Reflects Interpipe’s higher
EBITDA margin 18% 34% ~15% operational efficiency and
ArcelorMittal’s gradual recovery
USD 280.48 N . .
Net profit USD 850 million million (2024), }risr]zaiiof;ﬁgu?g (2 i)lsgs}it General trend towards a revival in
P USD 252.89 o n 202g2) profitability after the 2022 crisis
million (2023) &
Modernisation, Digital energy Decarbonisation, renewables C.O mpanies appr.oaches are almgd at
Core strategy s increasing efficiency and reducing
digitalisation management (RES) > .
their carbon footprint
Identified Reduction of OPEX, Reduction of . . .Conﬁrms the economic and
. . Reduction of CO, emissions | environmental feasibility of energy-
effects T TFP energy intensity ..
efficient investments

Note: Interpipe’s energy KPIs (total energy consumption, share of RES, individual energy costs, CAPEX for energy efficiency) are not
disclosed in public reports for 2023-2024. The company publishes financial indicators in IFRS format (International Financial Reporting
Standards - reflecting only the company’s financial indicators, therefore energy data (kWh, RES, energy costs) are not included), non-fi-
nancial (ESG) data on energy are not publicly available or are not detailed. The indicators for ArcelorMittal are marked as estimated (=)
due to the absence of official energy KPIs in the public reports of the Ukrainian division, calculated based on the aggregated data of the

ArcelorMittal group (2023-2024)

Source: compiled by the author based on Metinvest Holding (2023), Interpipe (2023; 2024), ArcelorMittal (2024)

Ukrainian industrial companies are gradually inte-
grating energy-efficient and environmentally friendly ap-
proaches into their production activities. Metinvest Hold-
ing has made the most systematic transition to renewable
energy sources and has invested heavily in modernisation.
Interpipe maintains the highest operational efficiency, re-
flected in an EBITDA margin of 34%, although the company
does not disclose detailed energy performance indicators.
ArcelorMittal is focusing its investments on decarbonisa-
tion projects and the restoration of production capacity
after the crisis of 2022. In 2023-2024, Ukrainian industrial
producers are gradually moving from energy consumption
based on an inertial model to sustainable development
strategies focused on energy efficiency, digitalisation and
carbon emission reduction. This indicates the convergence
of corporate policies with European requirements and the
formation of the foundations for a decarbonised industry.

The Ukrainian energy sector has remained relative-
ly stable despite significant losses in generating capaci-
ty and high risks to infrastructure. Although the share of
renewable energy sources remains limited, the recovery
of investment activity and the growth in industrial profit-
ability indicate the gradual adaptation of the economy to
new energy and financial realities. The results of the study

revealed that energy efficiency is one of the key factors in
increasing the TFP of industrial enterprises on a global
scale. This is consistent with P. Montalbano et al. (2022),
which showed that investments in EE not only contribute
to reducing operating costs but also create long-term com-
petitive advantages through increased technological and
production efficiency. The authors proved that energy-effi-
cient enterprises have higher financial stability, especially
in periods of market volatility. Similar conclusions were
obtained in this study: the implementation of sustaina-
ble energy consumption programmes has a positive im-
pact on profitability, margins and cash flow stability. Both
approaches emphasise the multiplier effect of EE, which
manifests itself in increased TFP, EBITDA and reduced
risks. Improving energy efficiency is a systemic driver of
economic productivity and competitiveness of enterprises,
even with limited investment opportunities.

A study by A. Ketenci & M. Wolf (2024) shows that
even small manufacturing enterprises not associated with
energy-intensive industries can achieve significant energy
savings through the implementation of structured ener-
gy management. The authors proved that internal energy
audits, equipment modernisation and process optimisa-
tion reduce energy consumption by 20-30%, increasing

Management and Business, Vol. 4, No. 1
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production efficiency without significant capital invest-
ment. They emphasised that the effectiveness of EE pro-
grammes depends primarily on management consisten-
cy, cost control and the integration of digital monitoring
tools. These results are consistent with the findings of
the current study, which also confirms that the phased
implementation of energy modernisation programmes at
Ukrainian enterprises (in particular Interpipe and Metin-
vest) provides financial returns through reduced OPEX and
increased operational stability. Systematic energy man-
agement is a determining factor in the effectiveness of
modernisation processes and business sustainability. The
work of N. Taghavi (2022) demonstrated that improving
energy efficiency in manufacturing operations is achieved
through the practical integration of EE principles into daily
production management processes, in particular through
improved operational discipline, energy consumption con-
trol and the implementation of management optimisation
mechanisms. The author emphasised that systematic oper-
ational control ensures sustainable energy modernisation
results even without large-scale investments. The current
study confirmed similar patterns: the implementation of
EnMS systems, energy intensity KPIs and energy budgeting
allows energy savings to be reflected in the financial re-
sults of enterprises. Systematic process optimisation, from
reducing downtime to load planning, is the main mecha-
nism for improving operational efficiency. Both studies
show that it is managerial consistency, and not just tech-
nical modernisation, that ensures a stable economic return
from EE programmes, indicating the practical significance
of energy management methods in improving the financial
performance of industrial enterprises.

The results of the study confirmed that staff training
and organisational knowledge accumulation have a sig-
nificant impact on the energy efficiency of industrial en-
terprises. This correlates with the findings of J.Jr. Aduba et
al. (2025), which found that continuous employee training
systems can reduce energy consumption by 10-15% and
increase overall productivity. The authors emphasised
that the effectiveness of EE programmes depends not only
on technical investments, but also on the managerial ca-
pacity of staff to use innovative practices. This approach
confirmed the importance of human capital as a mediator
between energy modernisation and financial results. The
formation of competencies and the development of an en-
ergy efficiency culture are necessary prerequisites for sus-
tainable economic growth in industry. Y. Zhang et al. (2024)
proved that digitalisation is one of the key factors in im-
proving the energy efficiency of industrial enterprises. The
authors found that the introduction of Internet of Things
(IoT) technologies, Al and automated monitoring systems
can reduce energy consumption by 10-12% and increase
energy productivity by 8-10%. It was shown that the dig-
ital maturity of an enterprise acts as an intermediary be-
tween technological innovations and economic results,
ensuring a stable return on investment in modernisation.
The researchers also emphasised that the integration of

intelligent energy management systems contributes to
reducing risks and increasing the financial stability of the
business. The findings were consistent with the results of
the current study on the implementation of ACES, EnMS
and predictive maintenance technologies at Interpipe and
Metinvest, which delivered significant energy savings. Dig-
ital transformation in Ukrainian industrial companies has
shown a similar trend — a reduction in OPEX, an increase in
TFP and an increase in profit margins. Digitalisation acts as
a catalyst for the economic effect of energy modernisation
and a critical factor in increasing the competitiveness of
enterprises. Thus, energy efficiency is a systemic factor in
the growth of productivity, profitability and sustainability
of industrial enterprises, ensuring a reduction in operating
costs, an increase in technological efficiency and the for-
mation of long-term competitive advantages.

The results of the study showed that during times of
military risk, the energy resilience of industrial enterpris-
es is formed through a combination of energy efficiency,
diversification of energy sources, and digital monitoring.
Comprehensive energy modernisation reduces dependence
on external suppliers and maintains production stabili-
ty even in crisis conditions. Similar patterns were iden-
tified in a study by P. Lebepe & T.N.D. Mathaba (2025),
which systematised the key challenges and strategies for
strengthening the energy resilience of enterprises, in par-
ticular through the development of energy management
systems and the decentralisation of energy supply. The au-
thors concluded that companies with a high level of energy
control recover their operational efficiency more quickly
after disruptions. The results of both studies confirmed
that energy sustainability management is a fundamental
factor in the financial stability of industrial companies.
The results of the study confirmed that the implementa-
tion of energy monitoring systems and regular assessment
of energy consumption efficiency (in particular through
ACES and EnMS systems) provide a significant reduction
in energy costs and production costs without the need for
large-scale investments. Structured energy management
and technological modernisation enable stable energy
savings and increased profitability even in conditions of
military instability. Similar results were reported in a study
by D. Al Momani et al. (2023), where an energy audit at a
food industry enterprise reduced energy consumption by
18% without significant capital investment. The authors
demonstrated that systematic maintenance, process opti-
misation and continuous monitoring are effective sources
of sustainable savings. The conclusions of both studies in-
dicate that energy audits are a basic tool for energy mod-
ernisation, transforming operational savings into sustain-
able growth in companies’ financial results.

A. Berner et al. (2022) investigated the effects of the
rebound effect in German industry, showing that 15-25%
of the savings achieved by EE complexes are offset by an
increase in production activity. The authors concluded that
in order to maintain financial efficiency, it is necessary
to integrate management mechanisms for consumption
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control and energy intensity KPIs. This was consistent with
the results of the current study, which noted the usefulness
of EnMS, energy budgeting and KPIs in capturing savings.
The EE effect must be supported by systematic manage-
ment to avoid losing the results of modernisation. Digital-
isation is not only a technical but also a strategic factor in
the financial stability of enterprises. Digital technologies
are shaping a new level of energy consumption manage-
ment, turning EE into a competitive advantage. The results
of the study showed that, despite the risks of war and loss
of capacity, the Ukrainian industrial sector is demonstrat-
ing a gradual recovery in investment activity and improved
financial results. This is consistent with the findings of C.-
C. Lee & H. Wen (2025), who demonstrated that the par-
ticipation of enterprises in global value chains (GVCs) is
a key catalyst for improving energy efficiency. The inclu-
sion of companies in international production and distri-
bution networks leads to stricter requirements for energy
management, environmental reporting and process stand-
ardisation, as transnational partners increasingly demand
compliance with ESG (Environmental, Social, Governance)
principles. Such conditions encourage industrial enter-
prises to implement energy-saving technologies, ener-
gy consumption monitoring systems, digital energy flow
management solutions (Al-based energy management)
and to develop internal decarbonisation policies. Global
interaction is not only an external stimulus for energy effi-
ciency, but also a mechanism for long-term consolidation
of the effects of modernisation, integrating Ukrainian en-
terprises into the system of sustainable industrial devel-
opment. Thus, energy efficiency is not only a technical or
environmental priority, but also a strategic factor in mac-
roeconomic and corporate sustainability. Its strengthening
through digital solutions, human capital and international
integration creates the basis for the formation of a com-
petitive, low-carbon and innovative model of industrial de-
velopment, particularly in Ukraine in the post-war period.

W Conclusions

The study results showed that effective energy moderni-
sation increases EBITDA, profit margins and energy pro-
ductivity, while reducing financial and operational risks.
In industry, the effect of energy efficiency is manifested
through a reduction in specific energy costs and OPEX vol-
atility, an increase in TFP and a reduction in downtime and
losses. The easing of credit restrictions increases the ener-
gy efficiency of enterprises by an average of 7 percentage
points, while the lack of financing reduces EE investments
by 30-40%, which directly affects margins and EBITDA.

w References

Digitalisation is a strategic driver of energy moderni-
sation: the use of Al-based energy management and pre-
dictive maintenance systems provides additional resource
savings, increases the flexibility of production processes
and reduces the payback period for modernisation projects.
This demonstrates the close link between a company’s level
of digital maturity and its financial stability. In 2023-2024,
leading Ukrainian manufacturers are showing steady pro-
gress: Metinvest Holding and ArcelorMittal are reducing
their energy consumption (4.8-8.2 billion kWh), the share
of RES is growing to 10-12%, and the combined CAPEX for
energy efficiency of the three companies (Metinvest, Inter-
pipe and ArcelorMittal) exceeds USD 250 million, accompa-
nied by growth in EBITDA and net profit. At the same time,
the implementation of RES and energy efficiency pro-
grammes is accompanied by a number of systemic barriers.
Key challenges include financial constraints and the high
capital intensity of projects, which hinders investment ac-
tivity. Strengthening the credit infrastructure can signifi-
cantly increase the effectiveness of energy modernisation.
Equally significant are technological gaps and low levels of
digitalisation in energy-intensive sectors, as well as insti-
tutional instability, which reduces investor confidence and
slows down the implementation of long-term programmes.
Only a comprehensive state policy and access to modern
technologies can ensure the transition from situational to
structural energy efficiency effects. Despite the difficult
conditions, Ukraine is showing a gradual recovery in the en-
ergy sector — in 2024, approximately 7 GW of renewable en-
ergy capacity will be preserved, and the profits of industrial
enterprises will increase by 22% compared to the previous
year. It is projected that the development of DER in Ukraine
will require USD 15.5-23 billion in investments by 2030,
providing up to 5.6% in systemic energy cost savings. This
creates the potential to strengthen the competitiveness of
national industry after the war. Further research should
focus on econometric analysis of the relationship between
investment, digitalisation and the efficiency of Ukraini-
an enterprises, and the development of national energy
efficiency indicators in line with international standards.
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EKOHOMIiUHi HacnigKn BNpoBaa)XeHHS nporpamM ctanoro
eHeprocrnoXXuBaHHS y NPOMMUCNIOBUX KOMMaHiAX
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MonicbKMIM HauioHanbHUM yHIBepCUTET
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i AHoTauig. MeTow AOCTimKeHHS OGYy/I0 BM3HAUEHHSI BIUIMBY YIIPaBAiHCBKMX Ta TEXHOJNOTIUHMX 3MiH Yy cdepi
€HeproBMKOPUCTAHHS Ha Pe3yAbTaTy LisNIbHOCTI MPOMMUCIOBUX MigMPUEMCTB. MeTonomorist 6a3yBanach Ha TEOPETUIUHUX,
eMITipMYHUX i TOPIBHSUIBHMX MeTonax Ijisl aHalidy edekTiB eHeproe@eKTMBHOCTI Ta CTaJOr0 CIOXMBAHHS €Heprii.
BusHaueHO eKOHOMIYHI MexaHi3MM BIUIMBY iHBeCTUIIil y energy efficiency — 3HM)KeHHSI MIUTOMMX €HEPTeTUYHUX BUTPAT
i BomaTuibHOCTi Operating Expenditure, migsuinenns Total Factor Productivity Ta xeIyKyBaHHSI PeryJIsITOPHUX i I[IHOBUX
pusuKiB. [TigkpecaeHo, o edeKT 3HaYHO MOCWIIIOEThCS 32 HassBHOCTI 1@ poBux TexHosorii (Artificial Intelligence-based
energy management, predictive maintenance) i roctymy go dbiHaHCyBaHHSI, TOZ SIK SKOPCTKi KpeIUTHI YMOBM 3a/IMIIAIOThCS
KJIIOYOBMM 6Gap’epom i peastisaiiii energy efficiency npoexri. BcraHOB/IEHO, 10 iHBeCTUIlii B eHeproedeKTUBHICTh
3HIDKYIOTh €HeproBUTPATH it pU3MKM, MiABUIILYIOTH OlepaliiiHy e(peKTUBHICTh i KOHKYPeHTOCIIPOMOSKHICTb 3aBISIKA
MojepHisalii Ta uudpoBisalii, ToAi SIK TOJOBHUMM IMepPeIlKoAaMy 3a/IMIIAIThCs oOMexkeHe (iHaHCYBaHHS i1 HM3bKa
undposa 3pimicte nigmpuemcts. Metinvest Holding y 2024 ckopoTUB eHeprocrnoskuBaHHS 1o =~ 8,2 mupp KBT-Top i
cipsiMyBaB 145 MUTH 0. HA eHeproedeKTUBHICTb, Interpipe 36epir HaitBuiry mapsky Earnings Before Interest, Taxes,
Depreciation, and Amortisation — 34 %, Toxi sik ArcelorMittal inBecTyBaB ~ 110 MJIH foJ. y AekapOoHi3aliiiHi mporpamu.
BusiBneHo, 1o B YKpaiHi uacTka BiZHOBIIOBAIbHUX JKepen eHeprii y Bupo6HuLTBI 2024 ckinazgae 8,7 %, 17-18 % BiiTKy,
4-7 % B3UIMKY, IPUOYTOK BEIVKIX/CepeHIX MiAMPUeMCTB: 776,4 — 947,3 muipa rpH (+22 %), 36uTKOBi KOMMaHii ~22,1 %.
VkpaiHCbKa MPOMUCIOBICTb JOBeIa, 110 HAaBiTh Y KPM30BUX YyMOBaX eHeproedeKTHUBHI Tporpamy 3a6e31euyoTh 3HUKEHHST
BUTPAT, 3pOCTaHHS IPUOYTKY Ta MiABUIIEHHS CTiIKOCTI MiAnpreMcTB. JIOLiTbHO BIIPOBAIKYBATM KOMIUIEKCHI ITpOrpaMu
eHeproedeKTUBHOCTI — MOEAHAHHS TeXHIYHMX pillleHb, UMPPOBMUX CUCTEM YMPaBIiHHA Ta (iHAHCOBOTO MOHITOPUHTY
eKoHOMii. Pe3yapTaTui MOXYTb OyTM BMKOPMCTaHi MiATIPMEMCTBAMM Ta YPSIHOBUMM CTPYKTYpaMu IJisl MigBUINEHHS
eHeproeeKTUBHOCTI i1 pO3p0OOKM CTpaTeriii CTaJIOro eHeProCoKMBaHHS, 30KpeMa B YKpaiHi
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