YKPAIHCbKUI JEPYABHWUW YHIBEPCUTET HAYKW | TEXHONONIN

MPDKHAPOOHI EKOHOMIYHI BIAHOCUHW

UDC 339.92:621.039
DOI: https://doi.org/10.32782/easterneurope.46-14

HYDROGEN ENERGY IN THE GLOBAL ENERGY BALANCE
POLICY: INCENTIVES FOR ECONOMIC DEVELOPMENT

BOAHEBA EHEPIETUKA Y CBITOBI NMNOMITULI EHEPTETUYHOIO
BANAHCY: CTUMYNN ANnAd EKOHOMIHYHOIO PO3BUTKY

Chernyshova Larysa

Candidate of Economic Sciences, Associate Professor,
V.N. Karazin Kharkiv National University

ORCID: https://orcid.org/0000-0002-3589-9154

YepHuwosa J1.0.
XapkiBCbKWii HaLlioHaNbHUIA yHiBepcUTET iMeHi B.H. KapasiHa

The article examines the global policy of ensuring energy balance, identifies key trends in global primary energy
consumption, focusing on the growing role of renewable sources and hydrogen energy. The dynamics of fossil fuel
use is presented and its impact on the economic development of countries is assessed, especially in the context of
the contrast between different regions of the world. Particular attention is paid to the prospects for the development of
hydrogen energy as a key area in the field of sustainable energy supply. The economic advantages of hydrogen, its
role in reducing dependence on traditional energy sources and reducing greenhouse gas emissions are considered.
The article forecasts the volume of hydrogen consumption in the world until 2026. The author emphasizes that
hydrogen energy is a strategic direction of development of the world energy sector, which contributes to energy
security, environmental sustainability and economic growth of countries.
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Y cmammi doc/idxeHo c8imosy no/imuky 3abe3neyeHHss eHep2emu4yHo20 basaHcy, sika nepedbayac y320-
0XeHy ma npo3opy cucmemy 06/iKy BUPOBHUYMBa, MpPaHCnopmyBsaHHs, 36epicaHHsi ma BUKOPUCMAHHS eHep-
a2opecypcis. BusHayeHo K/1t0408i MeHOeHUii 2/106a/1bH020 CrOXUBaHHS NePBUHHOI eHepeil, akyeHmy4u ysazy
Ha 3pocmaHHi posi BIOHOB/IHOBAHUX OXepesl ma BOOHEBOI eHepeemuKu. [pedcmas/ieHo AUHaMiKy BUKOpUCMaH-
HS1 BUKOIMHO20 nasiusa ma oyjiHeHo (1020 B/1U8 Ha EKOHOMIYHUU pO3BUMOK KpaiH, 0CO6/1UBO B KOHMEKCMIi KOHMP-
acmy MK pisHUMU pe2ioHamu csimy. BcmaHos/1eHo, W0 po38UMOK BIOHOB/HOBAHOI eHepaemuku € HepiBHOMIp-
HUM, i3 OOMIHYHHYOK POsI/IH0 A3ilicbKO-TUXOOKEAHCLKO20 PE2IOHY y BPOBadXEHHI HOBUX mexHos1ozil. Okpemy
yBaay npudisieHo nepcrnekmusamM po3sUMKy BOOHEBOI eHepaemuku siK K/Il040B8020 HarpsiMy y cchepi cmasiozo
eHepaemuy4Ho20 3abe3neyeHHs. Po32/1siHymo eKOHOMIYHI nepesaau BOOH!O, (1020 PO/ib Y 3MEHWEHHI 3a/1€)KHOC-
mi 8i0 mpaduyiliHux dxxepes eHepail ma CKOPOYEHHI BUKUOIB NapHUKOBUX 2a3iB. BUu3Ha4YeHO OCHOBHI BUK/IUKU,
rnos’s3aHi 3 BUPOBHUYMBOM, MPAaHCOPMyBaHHAM | 36epieaHHAM BOOHIO, & MAakKoX MOX/IUBI W/IXU iX 1000-
J1aHHs. P032/15Hymo mexHOo/102i9Hi 0CS2HEHHS Yy cqhepi BOOHEBOI eHepaemuKU, 30KpemMa pPo38UMOK Memodis
BUPOBHUYMBA BOOHIO, BUKOPUCMAHHS €/1eKMPO/1i3y ma y/108/1l08aHHS Byaaeyr. [poaHasiizosaHo MOX/IUBOCMI
3HUXeHHS cobisapmocmi BuUpO6HUYUMBa BOOHH, lio2o 36epizaHHs ma mpaHcrnopmysaHHs. OKPeCc/1eHO nepcrekx-
musu iHmezpayii BOOHH B 2/106a/IbHy EHep2eMUYHy CUCMEMY, BK/IOYaro4u io20 3aCmocyBaHHs y mpaHcrnopm-
Hili, npomuc08ili ma eHep2emuyHil cehepax. 30iliCHEHO NMPO2HO3 06CsI2y CroXUBaHHS BOOHH y csimi do 2026 p.
AKYyeHmoBaHo yBazy Ha momy, Wo BOOHeBa eHepaemuka € cmpamez2i4HuUM HanpsiMoM PO3BUMKY CBIMOBOI eHep-
2emuku, sKull crpusie eHepaemudyHil 6e3neyi, ekoso2i4Hili cmasnocmi ma eKOHOMIYHOMY 3POCMaHHI0 KpaiH.
BoodHouac i MacwmabHe BrpoBadXeHHs1 nompebye 3Ha4YHUX iHBecmuyili, MiXXHapOOHO020 CriBpo6imHUYmMBa ma
MexHoM02I4HUX IHHOBaYil. KpiM moeo, nioKpec/sIeHo Bax/ausicmbs 0epxxasHoI MiompuMKU ma CmsopeHHs 8iono-
BIOHOI HOpMamuBHO-PasoBoi 6asu 0151 CMUMY/IH0BAHHST PO3BUMKY BOOHEBUX MEXHO/102il ma ixHboi iHmezpauyir
B ICHYIOYI eHepeemuy4Hi cucmemu.

Knrodosi cnosa: eHepzemuyHuli basiaHC, BOOHEBA eHepaemuka, c8imosa rno/imuka, eKOHOMIYHUT pO3BUMOK,
oxepesa eHepaii.
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Statement of the problem. The global energy
balance policy is a set of international strate-
gies, measures and agreements aimed at ensur-
ing stable and sustainable energy supply world-
wide, as well as reducing the negative impact of
the energy sector on the environment. It includes
various aspects, such as energy security, energy
efficiency, development of renewable energy
sources, reduction of greenhouse gas emissions,
and cooperation between countries in the energy
sector.

The global policy of maintaining the energy
balance is an important element in achieving sus-
tainable development, reducing energy risks and
mitigating the effects of climate change. It requires
coordination of efforts at the international, national
and regional levels, as well as active participation
of governments, businesses and civil society.

Global energy policy also has a significantimpact
on the global economy, as it defines strategies for
the transition to sustainable energy sources, regu-
lates energy prices, and promotes technological
innovation. Efforts to decarbonize, deploy renew-
able energy sources, and improve energy effi-
ciency stimulate investment in green technologies,
create new jobs, and increase energy security. At
the same time, fluctuations in the fossil fuel mar-
ket, geopolitical conflicts, and regulatory restric-
tions can cause instability in global trade, inflation-
ary pressures, and a redistribution of economic
influence between energy exporting and importing
countries.

Technological innovations are now form-
ing a key element of the global energy balance
policy — hydrogen energy, which contributes to
energy security and economic development.
Many countries consider hydrogen as a strategic
fuel for industry, transportation and the energy
sector, reducing dependence on fossil resources.
However, the successful integration of hydro-
gen into the global economy depends on infra-
structure development, international regulation,
and lower production costs, making hydrogen
energy particularly relevant for future sustainable
development.

Analysis of recentresearch and publications.
The study of the energy balance and renewable
energy sources was carried out by such scientists
as O. Akimenko, |. Kostiuchenko, D. Semenova,
V. Syniehubov, E. Fryer, |. Lishchynskyi,
M. Lizun, I. Prykhodko, V. Ihnatyshyn, M. Roser [3],
C. Rigollet, A. Prinzhofer [5], D. Bobro [7], and
others. Problematic issues and prospects for the
development of hydrogen energy are constantly
studied by think tanks and scientific institutions
such as the National Institute for Strategic Studies,
Razumkov Center, Institute for Renewable Energy
of the National Academy of Sciences of Ukraine,
etc. At the international level, the International
Energy Agency [6; 8], the International Renewable
Energy Agency, the Energy Research Analysis
Group, the European Environment Agency, the
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Energy Institute [1; 4], and others collect statistical
data in the energy sector, analyze and forecast its
development trends.

Given the dynamic development of the energy
sector and the active implementation of innovative
projects in it, there is a need to constantly moni-
tor the specifics of energy consumption by regions
of the world, identify current trends in the use of
renewable energy sources, their role in global
energy balance policy and incentives for economic
development.

Setting the task. The purpose of the article is
to determine the peculiarities of energy consump-
tion, the role of hydrogen energy in the global
energy balance policy, and its potential for eco-
nomic development of countries.

Summary of the main results of the study. The
global policy of ensuring energy balance should be
aimed at a mutually agreed and transparent system
of accounting for the production (extraction), receipt,
transportation, storage, distribution and consump-
tion (use) of energy resources to meet the needs of
economies in fuel and energy resources.

Analyzing the current consumption of resources
for electricity generation is akeytaskin the context of
shaping the global policy of maintaining the energy
balance. An important aspect is the comparison of
traditional energy sources, such as coal, gas, and
nuclear power, with renewable alternatives, includ-
ing solar, wind, and hydrogen energy. Awareness
of current trends and efficiency of resource con-
sumption allows us to identify incentives for further
sustainable economic development.

Global primary energy consumption reached
a new record for the second year in a row, with
non-OECD countries dominating both the share
and annual growth rates. Fossil fuels continue to
support their development, accounting for 82% of
global energy production in 2024 [1].

The contrast between the northern and south-
ern hemispheres is quite stark. Primary energy
consumption in the Global South exceeded that of
the Global North for the first time in 2014. In 2023,
it accounted for 56% of total energy consumption
and grew twice as fast as the global average rate
of 2%. The Asia-Pacific region was responsible for
85% of the Global South’s demand (and 47% of
global demand), dominated by the economies of
China, India, Indonesia, Japan, and South Korea.
Although growth rates in South and Central America
and Asia Pacific were above the global average,
total demand in Africa fell by 0.4% in 2023, and
electricity consumption remained unchanged.
Electricity demand in North America and Europe
fell by 1% and 2%, respectively. In these regions,
demand for electricity is increasingly influenced by
energy efficiency regulations, energy-saving light-
ing, and changing consumer habits (Fig. 1) [2].

In 2023, global electricity production increased
by 2.5% to reach a record level of 29,925 TWh.
This trend shows that the global energy system is
becoming increasingly electrified [2].
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Figure 1. Primary energy consumption by world region

Source: [2]

Coal has retained its position as the dominant
fuel for electricity generation, with fossil fuels
accounting for 60% of global electricity generation
overall (Fig. 2). The share of renewable energy in
total electricity generation increased from 29% to
30% [3].

Regionally, South and Central America
recorded the highest contribution of renewables at
72%. The share of nuclear power plants remained
unchanged at around 9% due to new construc-
tion in China and the return to service of plants
in France and Japan, offset by the closure of the
remaining plants in Germany. In 2023, the capac-
ity of the battery electric storage system (BESS)

amounted to 56 GW, almost 50% of which was
installed in China [4].

Electricity production from renewable sources,
excluding hydropower, increased by 13% to a
record level of 4748 TWh. This growth was almost
entirely driven by wind and solar, accounting for
74% of all net additional electricity generated. As a
share of primary energy consumption, renewables
(excluding hydropower) accounted for 8%, or 15%
including hydropower. China added 55% of all
renewable energy generation in 2023, more than
the rest of the world combined [4].

Scientific and technological progress (STP) has
a significant impact on the global energy balance,
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Figure 2. Types of resources for global electricity production in 2023

Source: compiled by the author according to [4]
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changing the structure and sources of energy,
increasing energy efficiency, and developing new
energy technologies. Hydrogen technologies are
one of the areas of STP in the energy sector.

Hydrogen is the most common element in
nature, odorless and non-toxic. However, it is not
found in its elemental form on Earth and is gen-
erated from other hydrogen-containing sources.
Approximately 96% of all hydrogen produced in the
world is produced using fossil fuels, with natural
gas being the most common raw material [5].

The production of hydrogen requires electricity
regardless of the method, so the price of hydrogen
produced increases with the price of electricity.

The dynamics of hydrogen use by region
according to the International Energy Agency is
shown in Fig. 3.

Based on the data of the International Energy
Agency, we will forecast the level of global hydro-
gen consumption by 2026 (Fig. 4). According to the
forecast, the polynomial function characterizes the
regression with an approximation reliability index
of 0.95, which indicates a high level of reliability
of the forecast. According to Fig. 4, the volume
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of hydrogen consumption in the world in 2026,
according to current trends, will reach 70 Mt, which
is a significant increase.

Natural hydrogen (sometimes also called
“white”, “golden” or “naturally occurring”) is a
resource that is constantly renewed. Its exploita-
tion requires little energy, fresh water and does
not emit CO,. The cost of production is estimated
at less than USD 1/kg. USD/kg and decreases in
the business model of co-production (geothermal
energy, helium, valuable salt solutions) [6].

Thus, natural hydrogen could be an ideal com-
plement to electrolysis-derived hydrogen in the
future for carbon-free energy. Its lower cost com-
pared to other renewable and carbon-free energy
sources makes it more competitive. However,
methods for its large-scale exploration and produc-
tion do not yet exist.

The cost of hydrogen produced as a result of
thermochemical/biochemical treatment of biomass
or pyrolysis/anaerobic digestion of municipal waste
using CO, capture and storage technology varies
from 1.31 to 2.06 USD/kg. USD/kg. Hydrogen pro-
duced from electricity with zero CO, emissions,
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Figure 3. Hydrogen use in the regions of the world in 2019-2022

Source: compiled by the author according to [6]

Mt hydrogen
80

70

60

” /
40 — =

v
30
20 = %7 5
R2=10,9461
10
0 T T T T 1
2018 2020 2022 2024 2026 2028

Figure 4. Forecast of hydrogen consumption in the world until 2026
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such as nuclear power, is 2.5-4 times more expen-
sive than hydrogen from fossil fuel sources [7].

There is no publicly available information on the
amount of investment in specific methods of hydro-
gen production, as there are no industrial plants of
this kind yet, and the cost of hydrogen production
at experimental research facilities may be several
times/dozens of times higher than the actual cost.

The prospects for investment in the creation of
a global hydrogen energy infrastructure are very
high. In recent years, China has the highest level of
investment in renewable energy sources [8].

Hydrogen energy is considered one of the most
attractive areas of energy development in the com-
ing years. This is because hydrogen is a clean
source of energy that does not emit harmful sub-
stances into the atmosphere. In addition, hydrogen
can be used to generate electricity using fuel cells,
which makes it very efficient, as the efficiency of
such installations can theoretically exceed 80-85%,
and is economically viable [8].

Thus, hydrogen energy opens up great oppor-
tunities for the economic development of countries
around the world, providing innovative incentives
and strategic advantages in various fields.

First, it is the investment attractiveness of this
energy sector. Investors are interested in the devel-
opment of hydrogen energy because of the growing
energy demand around the world. Hydrogen can
be used to generate electricity in countries that do
not have access to traditional energy sources. The
use of hydrogen will increase the efficiency of gen-
erating capacities in the electricity sector of coun-
tries, in particular, solve the problem of locked-in
capacities, increase efficiency and reduce the cost
of energy supply to remote and isolated areas.

Hydrogen can be used as an alternative to oil
and gas as an energy source. This will reduce

countries’ dependence on energy imports and
reduce emissions of harmful substances into the
atmosphere.

The development of hydrogen energy will also
create an additional source of flexibility in the
electricity sector (by integrating hydrogen energy
storage into the grid) and thus contribute to the
tightening of the electricity consumption schedule,
smoothing out daily and seasonal consumption
irregularities, which will preserve the global energy
balance and create conditions for economic growth.

Hydrogen can be used in the electricity, transpor-
tation, metallurgy and chemical industries, expand-
ing opportunities for economic diversification and
modernization of the energy sector and increasing
the competitiveness of national economies.

Conclusions. Hydrogen energy plays a key
role in the global energy balance policy, providing
countries with opportunities for economic develop-
ment, energy independence and environmental
sustainability. The use of hydrogen as an alterna-
tive energy source helps to reduce dependence on
fossil fuels, cut greenhouse gas emissions and cre-
ate new jobs in innovative sectors of the economy.
Countries that actively implement hydrogen tech-
nologies gain strategic advantages by expanding
their role in the global energy market and attracting
significant investments in sustainable economic
development.

At the same time, the development of hydro-
gen energy requires significant investments,
international cooperation, and technological
breakthroughs, particularly in the areas of hydro-
gen production, transportation, and storage. The
creation of appropriate infrastructure and sup-
port of government policies will play a crucial role
in the large-scale implementation of hydrogen
technologies.
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