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ma nPoOEKMHO20 MEHEONCMEHNTY,

TOB "Texuiynuu ynisepcumem'" Memineecm [lonimexunixa"

POJIb IA®POBUX TEXHOJIOI'TH Y JOCATHEHHI KJIIMATUYHOI
HEHUTPAJIBHOCTI B MIDKHAPOJIHI EKOHOMIIII

The aim of this article is to examine the role of digital technologies in
facilitating the transition toward a climate-neutral international economy, as well
as to identify key directions for their effective application in decarbonization

processes. The study finds that digital technologies play a system-forming role in



achieving climate neutrality in the international economy. They function not only
as tools for improving economic efficiency but also as key mechanisms for
monitoring, analyzing, and managing multidimensional “enablers” that reflect and
drive structural changes in the economy, politics, and technology. The analysis
demonstrates that achieving climate neutrality is inherently multidimensional and
is determined not only by emission reductions but also by such “enablers” as
structural economic transformation, the development of renewable energy,
increased investment in green technologies and innovation, the improvement of
climate policies and regulatory mechanisms, coherence between objectives,
policies, actions, and their effectiveness, as well as the deepening of international
cooperation. It is further shown that the integration of digital solutions (artificial
intelligence, big data, the Internet of Things, cloud computing and blockchain) into
international economic processes enables the formation of transparent accounting
systems, the optimization of multidimensional “enablers” within global value
chains, and the enhancement of climate governance efficiency. This creates
prerequisites for a shift from fragmented environmental measures toward a
comprehensive digital-climate transformation of the global economy. The
scientific value of the study lies in the development of an integrated approach to
analyzing the interrelationship between digitalization, global economic processes,
and decarbonization, as well as in advancing methodological foundations for
assessing climate neutrality through a system of qualitative and quantitative
indicators. Future research should focus on developing econometric and
mathematical models for assessing the impact of digitalization on global CO:

emission reductions.

Memorw cmammi € 0ocnioxcents poni yughposux mexrnonoeii y 3abe3neuerHi
nepexooy 00 KIIMAMUYHO HEUMpAIbHOI MINCHAPOOHOI eKOHOMIKU, a MAaKo’C
BUSHAYEHHSI KIIOYOBUX HANPAMIE iX e@eKmueHo20 BUKOPUCMAHHA Y Npoyecax
MIHIMI3aYii BUKUOIB NAPHUKOBUX 2a3i6. ¥ pe3ynibmami npoeedeH020 00CNi0OHNCEHH S
6CMAHOBIIEHO, WO YUPPOBI MEXHOLO02I MAlomb CUCMEMOYMEOPIOIOYEe 3HAUEHHS Y
npoyecax OOCASHEHHS KAIMAMUYHOI HeUMpAarbHOCMI MINCHAPOOHOI eKOHOMIKU.

Bonu eucmynaiomv mne nuwe iHcmpymeHmom RniO8UWEHHA — eQeKmUBHOCHI



E€KOHOMIYHOI OisIbHOCMI, A U KIIOYOBUM MEXAHIZMOM MOHIMOPUH2Y, AHANIZYy ma
VIPABNiHHA — 0A2amOSUMIDHUMU — «eHaOnepamuy, AKI — BUHAYAMUMYMb  ma
giobusaoms CMpYKMypHi 3MIHU 6 eKOHOMiyi, noaimuyi ma mexHonoeisax. 3a
3MICMOM ~ OOCNIOJICEHHT  NPOLIIOCMPOBAHO, U0  OOCACHEHHA  KIIMAMU4HOL
HeUMpanbHOCmi Mae 0a2amosuMipHull xapakmep [ BU3HAYAEMbCA He Juule
CKODOYEHHAM GUKUOI8, ale U MAaKuMu «eHabiepamuy, 5K CMPYKMYpPHI
mpancgopmayii eKOHOMIKU, PO36UMOK GIOHOBIIOBAHOI eHepeemuKy, aAKmuseizayis
iHgecmuyiul y «3elleHi» MmexHon02li ma IHHO8ayil, YOOCKOHANEeHHs KIIMAMUYHOL
RONIMUKU MA PecyNISIMOPHUX MEXAHIZMIB, 8I0NOBIOHICMb MINC YINAMU, NOTIMUKAMU,
diamu ma ix eghekmuenicmio, no2IUOIEHHAM MIHCHAPOOHOI chnisnpayi. Jlosedeno,
wo inmezpayiss Yuposux piuienv (WmMyuHo20 I[HMENEeKmy, GeNUKUX OaHUX,
Iumepuemy peueti, xmapuux 00O4UCNIEHb, ONOKYEUHY) Y MIHCHAPOOHI eKOHOMIUHI
npoyecu 3abe3neuye MONCIUBICMb (QOPMYBAHHA NPO30puUx cucmem O0OJIKY,
onmumizayii 6a2amoBUMIPHUX «eHaOnepiey y Mexcax 2l00albHUX JIAHY02ie
CMBOpenHs  eapmocmi  ma  NIOBUUWEHHS  eeKMUBHOCMI  KIIMAMuUyHo20
pezymosanns. lLle cmeopioe nepedymosu O0ns nepexody 8i0 ¢hpacmeHmapHux
EKONIO2IYHUX 3aX00i8 00 KOMNJIEKCHOI yu@poso-kiimamuynoi mpanchopmayii
c8imosoi exonomixku. Haykoea yinnicmes 00CniodceHHs nosieae y hopmyearHti
iHmecposanoeo nioxody 00 aHANi3y 63AEMO38 53Ky Midc yugpposizayiero,
2Nn00ANbHUMU  eKOHOMIYHUMU Npoyecamu ma O0eKapOOHI3ayiclo ma pOo36UMKY
MemoOO0NI02IYHUX 3ACa0 OYIHIOBAHHA KIIMAMUYHOI HEUMPAIbHOCMI Yepe3 CUCeMy
AKICHUX [ KIIbKICHUX THOuKamopig. Ilooanvuii 0ocniodcenHs OOYinbHO 30cepeoumu
Ha  po3pobyi  eKOHOMIKO-MAMeMamuyHux  mooeneu  OYIHIOBAHHSA — GNIUGY

yugposizayii na ckopouernns enodarvrux suxudie COs:.

Keywords: integration of digital solutions; artificial intelligence; big data;
Internet of Things,; blockchain; international economic processes; deepening of
international cooperation.

Knwuoei cnoea: inmezpayis yugposux piuieHvb, wmyuyHull IHmMenexmy;
senuxi Oawi;, Inmepnem peuell, ONOKUEUH, MINCHAPOOHI eKOHOMIUHI npoyecu,

No2IUONEeHHS MIJICHAPOOHOI cnienpayi,



Problem statement. Digital technologies have gradually become a key

instrument for achieving climate neutrality in the international economy, as they
offer extensive opportunities to improve resource efficiency, optimize production
processes, and reduce greenhouse gas emissions. In particular, the implementation
of Internet of Things (IoT) technologies and big data analytics in industry enables
real-time monitoring of energy consumption and automatic load regulation, which
significantly reduces energy costs and, consequently, CO: emissions. Namely,
within the concept of “smart grids”, digital platforms ensure the balancing of
supply and demand in the global electricity market, facilitate the integration of
renewable energy sources, and minimize transmission losses, which represents an
important step toward the decarbonization of the energy sector. Given these
features, it is evident that in the context of contemporary global climate challenges
and the strengthening of international environmental commitments, digital
technologies act as a driver of international economic growth and a foundation for
the transition to sustainable development models. The rapid advancement of Al,
big data, the Internet of Things, and blockchain expands the possibilities for
monitoring, forecasting, and managing environmental indicators across global
value chains.

Overall, the relevance of the outlined research is driven by the need to achieve
climate neutrality goals enshrined in international agreements, particularly under
the Paris Climate Agreement, as well as by the intensification of neutrality and
decarbonization policies and programs at the level of individual countries and
regional associations. For instance, in autumn 2021, the European Union launched
the EU Mission: Climate-Neutral and Smart Cities program, while in 2019, the
European Commission introduced the European Green Deal strategy. Additionally,
this goal 1s reinforced by the Race to Zero initiative launched under the auspices of
the United Nations, which brings together states, cities, businesses, and financial
institutions to accelerate the transition toward a net-zero economy by 2050.

Actual scientific researches and issues analysis. Despite a significant body
of research addressing digital transformation and environmental sustainability
(notably Krasnova Y.A. [5], Borysiak O. [2], Shevchuk I., Arziantseva D.,
Zakharkevych N., Krushynska A., Samaricheva T. [10], Dushechkina N., Moroz



V., Yanitskys V. [1]), the comprehensive impact of digital technologies on
achieving climate neutrality, specifically within the context of the international
economy, remains insufficiently explored. It is noteworthy that this poses a range
of methodological, analytical, and managerial challenges that significantly
complicate both academic research and the practical implementation of relevant
solutions.

Thus, studies on digitalization and environmental sustainability are often
conducted separately, without integration into a unified system for analyzing
international economic processes. This results in the absence of a coherent
theoretical model of digital climate transformation. In addition, quantitative
models that describe the relationship between digitalization, transnational resource
flows, and greenhouse gas emission reductions remain underdeveloped, making it
difficult to measure actual impact. In this context, there is a need to develop a
systematic scientific and methodological approach that will overcome these
limitations and ensure a holistic understanding of the digital climate transformation
of the international economy.

Research aim. This study aims to examine the role of digital technologies in
facilitating the transition toward a climate-neutral international economy and to
identify key directions for their effective application in decarbonization processes.
For this purpose, the following objectives are identified:

¢ identification of digital technologies that contribute to reducing the carbon
footprint;

e identification of mechanisms for integrating digital technologies into
international economic processes;

e assessment of the effectiveness of digital solutions in achieving climate
neutrality in the international economy.

Main findings of the research. Contemporary definitions of climate
neutrality are quite diverse. For instance, Krasnova Y.A. interprets this concept as a
state in which human activity does not generate net greenhouse gas emissions,
meaning that the volume of CO: and other greenhouse gases is equal to or lower
than the capacity of natural ecosystems or technological solutions to absorb them
[5]. Shevchuk 1., Arziantseva D., Zakharkevych N., Krushynska A., and



Samaricheva T. view climate neutrality as a tool for environmental preservation
and an important component of sustainable development strategy [10]. Borysiak O.
defines it as implementing the provisions of the Paris Climate Agreement
regarding the accounting and reduction of carbon dioxide emissions into the
environment [2]. Indeed, although these approaches characterize different
dimensions of climate neutrality, they form a multidimensional normative
framework that allows for an expansion of the concept’s content, in particular by
including both the environmental dimension and the requirements related to
transparency (including reporting, data verification, and financial accountability in
relation to climate neutrality [5]) as well as inter-institutional responsibility.
Therefore, within the framework of the present study, climate neutrality in the
international economy will be considered as a specific state of functioning of the
global economic system in which total greenhouse gas emissions generated
through the processes of production, exchange, and consumption of goods and
services at the global scale are reduced to a normative level (Nationally
Determined Contributions (NDC) under the Paris Climate Agreement within the
United Nations Framework Convention on Climate Change (UNFCCC))

In particular, the Paris Climate Agreement requires that each country’s
contribution to achieving the global objective (NDC) be determined individually,

b

be “ambitious,” and be designed “with a view to achieving the purpose of the
Agreement.” Furthermore, according to the Intergovernmental Panel on Climate
Change (IPCC) report, in order to limit global warming to 1.5°C, global
anthropogenic greenhouse gas emissions must be 45% lower in 2030 compared to
2010 levels [4]. At the practical level, this is expected to be achieved through a
combination of emission reduction measures, improvements in energy efficiency, a
transition to renewable energy sources, as well as the compensation of residual
emissions through carbon sinks (including both nature-based and technological
solutions), alongside reporting and monitoring mechanisms aimed at ensuring the
development of the international economy within the required level of ambition.

In the sphere of the international economy, climate neutrality implies

coordinated actions by states, transnational corporations, and international

organizations aimed at decarbonizing global value chains. In our view, this refers



to a practical process of reducing (and ideally eliminating) greenhouse gas
emissions across all stages of the product life cycle, where production is
distributed across different countries: from raw material extraction to
manufacturing, logistics, consumption, and disposal. However, at present, there is
no mechanism to compel a country to set a target within its Nationally Determined
Contribution or to ensure accountability if such a target is not achieved [6]. Hence,
we contend that the phenomenon of decarbonization of global value chains has not
yet been fully achieved. This is most evident in the dynamics of total global
greenhouse gas emissions, which show a steady increase from 32,249.9 Mt COs: in

1990 to 53,206.4 Mt CO- in 2024, or by 64.98% (see Fig. 1).
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Fig. 1. Dynamics of aggregate CO: emissions worldwide for 1990-2024, Mt CO:
Source: compiled based on [§]

Per capita CO: emissions at the global level have also increased from 6.05 t
CO2/person in 1990 to 6.56 t CO2/person in 2024 [8]. At the same time, a number
of countries have achieved a substantial reduction in this indicator. In particular,
Australia reduced its level from 27.03 to 22.26 t CO2/person, Austria from 10.38 to
8.01 t CO2/person, Belgium from 14.05 to 9.15 t CO2/person, Canada from 21.32



to 19.76 t CO/person, Denmark from 13.43 to 6.5 t COz/person, Finland from
14.62 to 8.61 t CO./person, France and Monaco from 9.32 to 5.68 t CO-/person,
Sweden from 8.78 to 5.07 t COz/person, and the United Kingdom from 10.19 to
4.25 t COq/person [8]. It should be noted that China, the United States, India,
several EU-27 countries, Russia, and Indonesia were among the world’s largest
sources of CO: emissions in 2024. Considering that global value chains are
inherently transnational in nature, the process of reducing carbon emissions must
be transparent and rely on coordinated actions involving a large number of
countries, companies, and regulators [6; 4].

On this basis, reports by the Ecologic Institute and the European Climate
Neutrality Observatory emphasize that the process of achieving climate neutrality
requires a system of multidimensional “enablers” (from English enabler — an
entity that enables or facilitates), which reflect and drive structural changes in the
economy, politics, and technology. Based on an analysis of recent studies on
climate neutrality, the following enablers can be identified [3; 9]:

e reduction of greenhouse gas emissions or movement toward the so-called
“net-zero” balance;

e structural transformation of the international economy, encompassing
energy, industry, transport, and agriculture;

e large-scale deployment of renewable energy sources and clean technologies,
including electrification and hydrogen-based solutions;

e the presence of effective climate policies and regulatory mechanisms,
including carbon pricing systems and international coordination;

¢ increased investment in green technologies and innovation, ensuring long-
term reductions in carbon footprints;

e integration of financial, managerial, and behavioral factors (changes in
consumption patterns and social responsibility);

e international cooperation and policy alignment supporting the

decarbonization of global value chains;



e coherence between objectives, policies, actions, and their effectiveness,
which is considered a key framework for assessing progress.

Climate neutrality in the international economy should be considered through
the prism of the multidimensionality of its “enablers,” the features of which
include not only emission reductions but also a profound transformation of
economic systems, institutions, and international interaction.

In essence, this implies that measuring climate neutrality requires the
quantitative assessment of’:

e the current state of key emission-related indicators and their dynamics over
time, in accordance with the set of indicators presented in Table 2.
Table 2. Quantitative indicators of the transformation of the international

economy toward climate neutrality

Enabler Quantitative indicators

Reduction of
greenhouse gas
emissions

CO: emissions volume (t/year); emission reduction rate (%); achievement
of net-zero balance; emissions intensity per unit of GDP

Difference between CO: emissions and removals (t COz); share of
compensated emissions (%); volume of greenhouse gas removals by
natural and technological systems; emission-removal balance index

Progress toward net-
zero balance*

Note:

An indicator reflecting the difference between greenhouse gas emissions and their removal (or
compensation) relative to achieving a net-zero level.

Source: compiled based on [1-2; 5]

e changes in qualitative indicators attributed to the “enablers” of climate
neutrality, in accordance with the list presented in Table 3.

o For the general formalization of the process of achieving climate neutrality
in the international economy, it is advisable to represent it in the form of an
integrated mathematical model (or a progress assessment algorithm) based

on a system of defined “enablers,” which can be expressed as follows:

. ON=D>wl, 0
e where:
CN — the integral level of achieving climate neutrality in the global

economy;



e [, — normalized indicators (ranging from 0 to 1);

e w; — weighting coefficients reflecting the significance of the indicators

Qwi=1).

Table 3. Qualitative indicators of the transformation of the international

economy toward climate neutrality

Enabler

Qualitative indicators of change

Structural
transformation of the
economy

Decarbonization of carbon-intensive sectors; transition to low-carbon
industries; electrification of production; industrial digitalization;
formation of “green” global value chains

Renewable energy and
clean technologies

Dominance of renewable energy in the energy mix; development of
hydrogen technologies; implementation of smart grids; substitution of
fossil fuels; development of energy storage systems

Functioning of carbon pricing systems; harmonization of emission

Climate policy and|standards; mandatory environmental reporting; implementation of
regulation international agreements; integration of climate policy into economic
regulation
. Growth of ESG financing; development of the green bond market;
Green investment and|. . . .
. . investment in low-carbon technologies; support for R&D in
mnovation .. S . . .
decarbonization; commercialization of environmental innovations
. . . |Formation of sustainable consumption patterns; integration of ESG into
Financial, managerial,

and behavioral factors

corporate governance; increased environmental awareness; development
of corporate responsibility; transition to a low-carbon economic culture

International Global climate alliances; alignment of national strategies; transfer of
cooperation and policy|green technologies; coordination of emission standards; participation in
coordination net-zero initiatives

Alignment between strategies and actual actions; monitoring and
Coherence of goals,

policies, and actions

verification systems; transparency in performance evaluation; reduction
of gaps between targets and outcomes; integration of climate policy KPIs

Source: compiled based on [2-3; 10; 8]

Based on the above provisions, the system of “enablers” can be represented as

follows [3; 9]:
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At the same time, scholars most frequently define the condition for achieving
climate neutrality in the international economy as a state in which:

CN>CN, ()

where: CN is the threshold value (e.g., 0.9—1), corresponding to a climate-
neutral state.

If the process of achieving climate neutrality in the international economy is
expressed as a dynamic model (a time-based algorithm), it can be represented as

follows:
CN(t)=CN(t=1)+) w; Al,(t) (4):

where: Ali(t) — change of the corresponding indicator over time.

It should be noted that this algorithm requires the use of big dataand, other
digital technologies and therefore must be implemented and continuously adjusted
through the integration of digital technologies into international economic
processes. This integration makes it possible to clearly formalize the system of
“enablers” and their dynamic interaction, as it is based on the following
components (Table 4): digitalization of international supply chains; platformization
of the international economy; implementation of digital monitoring and analytics
systems; and digital regulation and standardization.

It should be noted that the integration of digital technologies into climate and
economic governance is already taking place globally; however, it is uneven across
countries and regions and remains at the stage of active development rather than
full maturity. The most advanced progress is observed in the EU, the United States,
Japan, South Korea, and partially China.



Table 4. Mechanism of integration of digital technologies into international

economic processes

Component of the

Specifics of formalization of the system
of “enablers” and their dynamic

Role in achieving climate neutrality

international supply
chains

technologies to track resource flows,
optimize  logistics, and  reduce
transaction costs.

mechanism . .
Interaction
Involves the use of Internet of Things Ensures transparency of broduct
Digitalization of|(IoT), blockchain, and big data p Y P

origin, control of carbon footprints,
and increased resilience of global
production systems.

Platformization of
the international
economy

Based on the development of digital
platforms that integrate producers,
consumers, and suppliers into unified
ecosystems.

Facilitates rapid data exchange,
scaling of business models, and
integration of small and medium-
sized enterprises into  global
markets.

and environmental governance.

Implementation of|Ensures real-time collection and|Enables assessment of economic
digital monitoring|processing of large datasets related to|process efficiency, emission levels,
and analytics|greenhouse  gas  emissions, CO:|and compliance with international
systems emissions per capita, etc. climate standards.

Involves the formation of international | Ensures interoperability of digital
Digital  regulation|norms and rules governing the use of |systems across countries and
and standardization |digital technologies in trade, finance,|promotes harmonization of

economic policies.

Source: compiled based on [2; 4-5; 9]

In particular, in the EU-27, digital technologies are being actively integrated
into climate regulation mechanisms through emission monitoring systems, ESG
reporting frameworks, and the development of “green” digital platforms. In the
United States, a key role is played by private technology companies and innovation
ecosystems, which develop solutions based on artificial intelligence, big data, and
satellite monitoring for emission assessment and optimization of energy
consumption within global supply chains. Japan focuses on the application of
digital technologies in industry and energy, particularly through the development
of “smart” manufacturing systems, hydrogen economy solutions, and high-
precision real-time monitoring of energy flows. In South Korea, digitalization is
closely linked to state-led ‘“smart economy” programs, which include IoT
solutions, automated energy management systems, and digital platforms for
climate monitoring. China also demonstrates large-scale implementation of digital

technologies in environmental governance systems, including satellite monitoring,



big data analytics, cloud computing and digital emission management platforms,
although the level of ecological transformation remains uneven due to the
significant share of coal-based energy generation.

Although still fragmented, these experiences demonstrate that the integration
of digital technologies into international economic processes can ensure the
alignment of technological, economic, environmental, and institutional factors
within global value chains and facilitate the incorporation of digital solutions into
international production, logistics, and management processes.

Conclusions. The study finds that digital technologies play a system-forming
role in achieving climate neutrality in the international economy. They function not
only as tools for improving economic efficiency but also as key mechanisms for
monitoring, analyzing, and managing multidimensional “enablers” that reflect and
drive structural changes in the economy, politics, and technology.

The analysis demonstrates that achieving climate neutrality is inherently
multidimensional and is determined not only by emission reductions but also by
such “enablers” as structural transformation of the economy, development of
renewable energy, increased investment in green technologies and innovation,
improvement of climate policy and regulatory frameworks, coherence between
objectives, policies, actions, and their effectiveness, as well as deepening
international cooperation.

It is further shown that integrating digital solutions (artificial intelligence, big
data, the Internet of Things, cloud computing, and blockchain) into international
economic processes enables the development of transparent accounting systems,
the optimization of multidimensional “enablers” within global value chains, and
the enhancement of the efficiency of climate governance. This creates prerequisites
for a transition from fragmented environmental measures to a comprehensive
digital climate transformation of the global economy.

The scientific value of the study lies in the development of an integrated
approach to analyzing the interrelationship between digitalization, global economic

processes, and decarbonization, as well as in advancing methodological



foundations for assessing climate neutrality through a system of qualitative and
quantitative indicators.

Further research should address on developing econometric and mathematical
models for assessing the impact of digitalization on global CO: emission

reductions.
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