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Abstract: Global energy supply is at the heart of current geopolitical, economic, and social trans-
formation processes. Historically, energy has been a crucial foundation for industrial expansion
and the development of state power; today, it is also a central prerequisite for economic develop-
ment, social stability, and environmental sustainability. The publication assumes that, in the con-
text of global interconnectedness, state action in the energy sector no longer functions primarily
through traditional interventions. Instead, the focus is shifting to the collection, processing, and
strategic use of information, making political control appear increasingly as a knowledge- and da-
ta-driven process. Based on a systematic literature analysis, the article examines the interactions
between geopolitical power relations, global energy inequalities, and information processes. In
addition to historical developments and established concepts of energy security, analytical tools
for global energy flows are used. The focus is on the importance of exchange, information, and
communication mechanisms for cooperation between countries in the energy sector — especially
with regard to the emerging hydrogen market. The study concludes that shared knowledge, trans-
parent decision-making processes, and firmly established communication channels are not mere
side effects. Rather, they form the fundamental basis for international reliability, stable orders, and
a balanced, fair transformation of energy systems.
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INTRODUCTION

Energy is a fundamental prerequisite for modern societies and, at the same time, one of the
key political resources for conflicts in the 21 century. It forms the material basis for economic
production, military capabilities, and social development. However, with advancing globalization,
its political significance has shifted: national energy systems are increasingly integrated into trans-
national supply and information networks, creating new dependencies, power asymmetries, and
political risks.

Against this backdrop, this article examines the role of energy in the complex interplay of
globalization, geopolitical power, and information processes. The central question is how global
energy flows and information-based control mechanisms structure geopolitical power relations
while simultaneously influencing the possibilities and limitations of international cooperation in
the context of current energy crises.

This article takes a qualitative-theoretical approach and combines perspectives from energy
policy, geopolitics, and information science. The aim is to analyze global energy systems as com-
plex socio-technical orders that are shaped by both material infrastructures and knowledge, data,
and communication processes. Methodologically, the dissertation is based on a theory-driven, an-
alytically condensed synthesis of political science, interdisciplinary, and policy-related literature.
The aim is not merely to compile existing research findings, but to systematically reconstruct and
theoretically reconnect them. Different strands of debate are brought together in an integrative
manner in order to reveal structural gaps at the interface of energy policy, global interdependence,
and information governance.

The interdisciplinary bundling of fragmented research approaches creates a coherent analyt-
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ical framework that reveals conceptual breaks and highlights previously under-theorized interac-
tions between material energy infrastructure, geopolitical order formation, and information-related
power structures.

This article explicitly does not aim to provide an empirical mapping of global energy systems,
but rather a theoretical reconceptualization of the role of information processes within energy pol-
icy power and governance structures.

THEORETICAL FOUNDATIONS AND STATE OF RESEARCH

The increasing interconnectedness of the global economy and rising global energy demand
mark a fundamental shift in the relationship between energy, the economy, and political power.
With industrialization, energy evolved from a primarily locally used technical resource to a stra-
tegic prerequisite for state action. Today, the availability and control of energy decisively deter-
mine a state’s ability to generate economic growth, develop industrial capacities, and ensure social
stability (Smil 2004; Weissenbacher 2009) Energy has thus become a strategic resource whose
significance extends far beyond economic aspects.

Researchers largely agree that energy has played a key role in global power structures since
the 19th century. Access to energy resources influences not only industrial development but also
foreign policy options and military capabilities (Yergin 2006). Energy is therefore closely linked
to issues of state sovereignty, geopolitical stability, and international dependencies.

This article expands this perspective by adding a globalization-theoretical and information-sci-
ence dimension. Energy is no longer understood merely as a physical resource used to exert po-
litical influence. Instead, it appears as deeply embedded in global value chains, trade networks,
and digital information systems. The focus is on the movement of energy across borders, unequal
structural starting conditions, and knowledge advantages and deficits that emerge as global inter-
connections intensify.

Unlike many theoretical approaches that consider either past energy regimes or specific raw
materials in isolation, this study examines the current development phase of highly networked en-
ergy systems. In particular, it analyzes how these systems are shaped and controlled today by data,
communication processes, and knowledge-based coordination mechanisms. Hydrogen serves not
as an isolated object of study, but as an analytical example within a broader consideration of global
energy governance.

In summary, while energy has been extensively studied as a geopolitical power factor, the
systematic link between energy, globalization, and information governance has so far only been
addressed sporadically. This article focuses on this analytical intersection.

Energy as a geopolitical power factor

Numerous studies demonstrate that energy has been a key geopolitical resource since industri-
alization. Access to coal, oil, and industrial raw materials enabled states to build economic strength
and project military power (Weissenbacher 2009, p. 19; Hobsbawm 1989, pp. 56-57). Energy
functioned not only as a factor of production but also as a strategic instrument that structured im-
perialist expansion, industrial dominance, and political influence.

This dynamic became particularly evident in the 20th century. In both World Wars, industrial
production capacity and a secure energy supply proved to be decisive factors (Hayward 1995, pp.
94-135; Scott 2019, pp. 136—-161). Decisions regarding energy sources, transportation routes, and
industrial infrastructure influenced both military strategies and political alliances. Energy thus
became an integral component of national security concepts.

Even after 1945, energy remained a geopolitical focal point. The emergence of global oil mar-
kets, the development of transnational energy infrastructures, and the institutionalization of energy
policy interests, for example through OPEC, led to lasting shifts in the international balance of
power (Yergin, 2011, pp. 1-820, Yergin, 2009, pp. 1-982). Energy dependencies became political
levers, while price fluctuations and supply shortages repeatedly triggered global economic and
political instabilities.
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Globalization, energy inequality and energy security

Globalization describes the intensification of cross-border economic, political, and social rela-
tions, which has led to a widespread international division of labor (Dreher, Gaston, Martens 2008,
p. 1). In the energy sector, this process manifests itself in highly interconnected systems where
energy production, transport, and consumption are spatially decoupled. Energy is often produced
where resources are available, while the majority of consumption takes place in other regions of
the world.

This structure is accompanied by significant inequalities in global energy consumption.
Wealthy, highly industrialized states claim a disproportionately large share of the globally avail-
able energy and drive consumption to particularly high levels. At the same time, many regions of
the Global South continue to lack reliable and sufficient access to energy, leaving millions of peo-
ple there facing basic energy scarcity (Smil 2004, p. 557; Chen 2011). Energy-intensive produc-
tion processes and environmental impacts are often outsourced to the Global South, exacerbating
existing socioeconomic inequalities.

Against this backdrop, the understanding of energy security has also broadened. While earlier
concepts focused primarily on the physical availability of energy, energy security today also en-
compasses aspects such as affordability, environmental sustainability, political stability, and social
acceptance (Ang, Choong, Ng 2015, pp. 1081-1082; Sovacool, Brown 2010). Energy poverty
remains a central global problem, closely linked to development issues and global justice. These
inequalities are not solely attributable to market dynamics but are also shaped by the political and
institutional frameworks of global energy policy. In this context, transparency, regulation, and data
availability are of particular importance.

Information processes and global energy governance

Recent research increasingly underscores the importance of information processes for the func-
tioning of global energy systems. Energy infrastructures are not merely physical networks, but
complex socio-technical systems whose stability depends on data, knowledge, communication, and
institutional coordination (Crossland 2017, p. 460). The planning, control, and monitoring of mod-
ern energy systems require the continuous processing and exchange of energy-related information.

Against this backdrop, a conceptual distinction between data, information, and knowledge is
analytically useful. Data initially refers to raw, unordered measurements, for example, regarding
energy production, transmission capacities, or consumption patterns. Information only emerges
through the contextualization and interpretation of this data, while knowledge additionally encom-
passes the ability to use information politically, institutionally, or strategically. This distinction is
of central importance for global energy systems, as political governance depends less on the mere
availability of data than on its institutional processing and accessibility.

In the context of energy policy, therefore, it is not only the collection of data on production
volumes or emissions that is crucial, but rather who controls this information, how it is interpret-
ed, and in which decision-making processes it has an impact. Information processes are therefore
not neutral, but always embedded in existing power and governance structures. This perspective
allows us to understand energy policy not only as a matter of material control, but also as a knowl-
edge-based negotiation of political agency.

Cross-border cooperation in the energy sector, especially in the development and networking
of hydrogen infrastructures, can only function if reliable data are openly shared, technical and reg-
ulatory standards are aligned, and political and economic actors continuously and in a coordinated
manner align their strategies (Chen et al. 2024, pp. 436—458; European Hydrogen Backbone 2025).
Information processes build trust, increase investment security, and enable political coordination.

Conversely, a lack of transparency and insufficient knowledge sharing can delay or undermine
cooperation projects. Information asymmetries represent a key challenge in this context. Differ-
ences in access to data, technological knowledge, and institutional capacities, particularly between
the Global North and South, exacerbate existing power imbalances and hinder a just energy transi-
tion. Energy crises can therefore increasingly be understood as information and governance crises
in which the organization, availability, and political use of knowledge play a crucial role.
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Information-based power, governance and resilience of global energy systems

Global energy systems are not defined solely by physical infrastructure, but increasingly by
institutional frameworks that structure access to information, its interpretation, and its political use
(Roehrkasten 2015; Crossland 2017).

In the context of globalized energy flows, information-based control mechanisms are therefore
gaining increasing strategic importance. Actors who possess comprehensive and reliable data on
energy production, transmission, and consumption, or who define technical standards, reporting
systems, and classifications, can exert political influence and actively shape the framework for
cooperation (Yergin 2011; Heffron, Sokotowski 2024). In this context, information functions not
only as a reflection of existing power relations, but also as a resource with which these relations
can be stabilized or altered.

In contrast, some energy policy and geopolitical publications argue that information-based
control mechanisms are subordinate to physical factors such as physical infrastructure, territorial
control, or the military security of supply routes. They maintain that energy supply remains based
on physical foundations and cannot be guaranteed without functioning infrastructure.

However, reducing information-related aspects to mere technical support functions falls short.
Particularly in globalized energy systems, where production, transport, and consumption struc-
tures are spatially decoupled, information processes acquire independent political significance.
The ability to visualize energy flows, communicate risks early, and define standards significantly
influences which actors are capable of action and which forms of cooperation are considered le-
gitimate. Information-based governance thus does not replace material energy resources but rather
complements and structures their political effectiveness.

At the same time, the literature on global energy policy makes it clear that the resilience of
energy systems depends significantly on the quality of information-related governance. In crisis
situations such as supply shortages, price shocks, or geopolitical conflicts, transparent information
flows, robust early warning systems, and coordinated communication structures are crucial for
maintaining collective capacity to act (International Energy Agency 2023; Sovacool, Martiska-
inen, Hook, Baker 2019). Conversely, missing, fragmented, or politically distorted information
structures can increase uncertainty and promote escalation dynamics.

Furthermore, information-based governance is closely linked to issues of global justice. Un-
equal access to data, technical knowledge, and institutional resources contributes to the repro-
duction of existing power asymmetries between the Global North and South (Sadik-Zada 2021).
Against this backdrop, it can be argued that a sustainable and equitable energy transition depends
not only on technological innovations but also on the conscious design of inclusive, transparent,
and accessible knowledge and information structures.

Overall, it becomes clear that information processes do not merely fulfill supporting functions
but constitute an independent political dimension of global energy systems. They influence power
relations, the capacity for cooperation, and crisis resilience and are thus an integral component of
modern energy policy.

METHODOLOGY

This publication is based on a qualitative literature review. The analysis encompassed schol-
arly articles, monographs, reports from international organizations, and policy-oriented studies in
the fields of energy policy, geopolitics, and information science. The evaluation was conducted
using a theme-centered content analysis that systematically linked key concepts such as energy
security, global energy flows, information asymmetries, and international cooperation. The aim
was to identify recurring patterns of argumentation and to situate them theoretically.

RESULTS

The analysis shows that energy functions as a structural power factor that not only reflects
historical and current geopolitical patterns but also actively shapes them. Access to, control over,
and regulation of energy flows influence the political agency of states and international power
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relations. Energy thus proves to be not merely an economic resource but a central element of geo-
political stability as well as potential conflict dynamics.

Globally organized energy flows reproduce and, in some cases, exacerbate existing inequali-
ties. The energy-intensive consumption of industrialized regions is often based on production and
environmental costs that are geographically displaced. This asymmetric distribution of benefits
and burdens creates structural dependencies and reinforces global disparities between energy-pro-
ducing and energy-consuming societies.

Affordability, sustainability, social acceptance, and institutional control are integral compo-
nents of modern energy security concepts and require analytical approaches that go beyond purely
technical or market-oriented perspectives. The independent influence of information-based gov-
ernance mechanisms on the stability and resilience of global energy systems is particularly note-
worthy. Not only material energy flows, but also control over energy-related data, knowledge, and
technical standards shape geopolitical power relations. Fragmented or opaque information struc-
tures act as systemic risk factors, while transparent and coordinated governance structures foster
trust and facilitate international cooperation.

DISCUSSION

The results show that energy policy in the context of globalized energy systems cannot be
understood as a purely technical or economic sphere of control. Rather, it is a complex governance
process in which material resources, political power, and information-based control mechanisms
are inextricably linked. This article expands existing energy policy approaches by analyzing infor-
mation not only as a supporting factor but also as an independent dimension of geopolitical power.

From this perspective, further implications arise for the analysis of global energy govern-
ance. If information processes are understood as an independent power resource, questions of
data accessibility, standard-setting, and institutional transparency move more sharply into focus
for energy policy research. Governance structures can then no longer be grasped solely through
formal institutions or material resources but must be analyzed as knowledge-based orders in which
political authority and legitimacy are increasingly mediated through information control.

For international cooperation, this means that successful energy cooperation depends less on
technical compatibility alone than on the ability to establish shared information and communi-
cation structures. Particularly in conflict-ridden or asymmetric contexts, access to reliable infor-
mation determines whether trust can develop or whether existing power imbalances are further
entrenched.

The perspective developed here also differs from approaches that primarily view energy policy
as a problem of technical efficiency or economic optimization. While such approaches make an
important contribution to the analysis of cost structures, innovation pathways, and infrastructure
issues, they often neglect the power- and knowledge-related prerequisites for political governance.
In contrast, an information-centered perspective shows that political action does not result solely
from technological performance or market design, but depends significantly on the organization,
accessibility, and political use of knowledge. This contribution thus opens up an analytical per-
spective that does not replace technological and economic approaches, but rather complements
them with a power- and governance-oriented dimension.

Actors with privileged access to data, knowledge, and institutional decision-making processes
have greater opportunities to determine the energy policy agenda and shape the framework for
cooperation. Without transparent and inclusive information structures, there is therefore a risk that
future energy systems will reproduce existing power structures.

CONCLUSION

This article demonstrates that the global energy crisis cannot be understood solely as a techno-
logical or economic challenge, but rather has profound political, social, and informational dimen-
sions. Energy simultaneously functions as a material resource, a geopolitical power factor, and a
subject of communicative negotiations. A successful energy transition therefore requires not only
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technological innovations, but also robust information processes, institutional transparency, and
resilient forms of international cooperation.

Information-based governance mechanisms play a central, yet hitherto underestimated, role
in global energy systems. Issues of data access, the definition of standards, and knowledge organ-
ization significantly influence power relations, the capacity for cooperation, and crisis resilience.
Without the conscious design of inclusive information and governance structures, there is a risk
that future energy systems will reproduce existing global inequalities.

In light of increasing geopolitical fragmentation, the question of how information-based en-
ergy policy can be sustainably implemented even under conflict-ridden conditions is gaining par-
ticular importance.

Since this article is based exclusively on an evaluation of existing literature and does not con-
duct any original data collection, it also serves as a starting point for further research. In particular,
empirically based case studies, for example on cross-border hydrogen projects or on unequally
distributed knowledge in regional energy markets, could help to further develop, refine and sub-
stantiate the theses formulated here with concrete examples.
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INTOBAJIM3BALIUSA, EHEPTETUKA 1 UTHOOPMAIIMOHHU ITPOLECH:
IF'EONNOJIMTUYECKA BJIACT, HEPABEHCTBO U CbTPYJHUYECTBO B ITIOBAJIHATA
EHEPTUMAHA CUCTEMA

Peztome: Inobarnomo enepeocnadosnsamne e 6 yenmvpa HA HACMOSIUWUNE 2eONOTUMUYECKUY, UKOHOMUYECKU
u coyuannu mpancgopmayuonnu npoyecu. Memopuuecku, enepeusima e duna peuiasauia 0CHo8a 3a UHOYC-
MPUATHAMA eKCNAH3Us U PA3GUTNUETNO HA ObPICAGHAMA 61acm, OHeC M5 e U YEeHMPAIHA NPeonocmasKka
30 UKOHOMUYECKOMO pazeumue, COYUAIHama cmabuinocm u exoiocuynama ycmouuueocm. Ilyonuxayu-
AMA U3X0cOa Om NPeonoCmasKkama, 4e 6 KOHmekcma Ha 2100aIHAma 63auMoC8bP3aHOCH ObPICAGHUME
Oelicmeus 8 eHepeUliHUsL CeKMop @eue He QYHKYUOHUPAm NpeoumMHo ype3 mpaouyuoHHU UHMEPEEeHYUU.
Buecmo mosa oxycvm ce uzmecmea Kvm cvouparemo, oopadbomxama u cmpame2uieckomo usnoni3ed-
He Ha uHgopmayus, Koemo npasu NOTUMUYECKUS KOHMPOL 6Ce NOBeUe NPOYEC, PbKOBOOEH O 3HAHUS U
O0aHHu. Bv3 ocnosa na cucmemamuuen ananus Ha aumepamypama cCmamusima paszenexicoa 63aumooeticm-
BUAMA MeANCOY 2eONOTUMUYECKUTNE 6LACMOBU OMHOULEHUS], 2100ANHUMEe eHePeUNU HEePABEHCMEA U UH-
Gopmayuonnume npoyecu. B donvinenue KvM UCMOPUYECKOMO pa3eumue U YmebpOeHUume KOHYenyuu
34 eHepeuliHa CUSYPHOC ce U3NON36ATN AHATUMUYHU UHCMPYMEHMU 30 2100aTHUmMe eHepeUtiHiL ROMOYU.
Axyenmvm e 6bpxy 3HAUEHUEMO HA MeXanuzmMume 3a 00OMeH, UH@GOpMayus 1 KOMYHUKAYUsL 3a CobMpPYOHU-
YeCmeomo Mexucoy Obpiicagume 8 eHepeUliHUsL CeKMop — 0COOEHO NO OMHOUIeHUE HA Gb3HUKBAUsL NA3AD
Ha 8000poo. Ilpoyusanemo 3axniouasa, we cnooeieHomo 3HaHue, npo3pavHume npoyecu Ha 63emMane Ha
pewienust U meppoo YCMAaHoGeHUme KaHAIU 3a KOMYHUKAYUsL He ca npocmo cmpanudnu egpexmu. Ilo-cxopo
me gpopmupam yHOAMEHMATHAMA OCHOBA 34 MENCOYHAPOOHA HAODEHCOHOCH, CIMAOUIHU NOPAOKU U Oa-
JAHCUPANA, CNPABEOIUBA MPAHCHOPMAYUS HA eHEPIUTIHUTE CUCTIEMU.

Knrouosu oymu: cnobanno enepeutino ynpasienue, 2100am3ayus u eHepeutiny cucmemit, 6000poOHA UKO-
HOMUKA, ACUMempusi Ha Cuiume 6 2100aIHAma enepeuting nOIUmuKa, COYUAIHO-MEXHULEeCKU eHEePeULIHU
cucmemu
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