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ABSTRACT: Logistics hubs play a vital role in global decarbonization
due to their high energy use and strategic position within supply chains,
yet they are often excluded from national renewable energy policies.
This exclusion limits their potential to become active clean energy
producers. This study examines the regulatory and institutional barriers
that hinder renewable energy integration in logistics hubs and proposes
an inclusive policy roadmap tailored for this sector—offering a novel
contribution beyond prior studies focused on residential and industrial
contexts. Using a comparative methodology, the research analyzes
energy regulatory frameworks across Germany, Brazil, the UAE,
Indonesia, and the United States. Data were collected from government
reports, institutional documents, and peer-reviewed studies. A hybrid
analytical framework combining stakeholder mapping and policy
categorization was employed to identify existing gaps and
opportunities. The findings show that logistics hubs are frequently
excluded from mechanisms such as net metering, feed-in tariffs, and
tax incentives due to outdated classifications that overlook their dual
industrial-service roles. Case studies from Germany, Brazil, and the
UAE highlight the effectiveness of targeted measures like grid fast-
tracking, specific subsidies, and integrated municipal approaches in
advancing renewable adoption. Furthermore, strong public-private
partnerships and dynamic pricing systems are key to aligning logistics
operations with renewable goals. The study concludes that
infrastructure development must be complemented by policy
innovation through harmonized, inclusive, and multi-level governance
to embed logistics hubs effectively in renewable energy strategies.
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INTRODUCTION

In the context of rapidly advancing climate change and the urgent necessity for decarbonization,

logistics hubs emerge as central actors in the effort to reduce global carbon emissions. These hubs,

which form the backbone of regional and international supply chains, are increasingly recognized

not only for their operational importance but also for their environmental impact. It is estimated

that logistics accounts for approximately 10-14% of global greenhouse gas emissions, with

logistics hubs serving as significant contributors due to their intensive freight movement and
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energy consumption(Baskaran, 2024; Mo et al., 2024). Traditional distribution centers, often
relying on outdated operational practices and lacking energy efficiency measures, are especially
inefficient in a low-carbon economy, thereby exacerbating the supply chain’s overall emissions
footprint (“Selection Of Multi-Distribution Center Location Based On Low Carbon,” 2016).

As governments and industries intensify their commitment to sustainability, the need to transform
logistics hubs into environmentally responsible entities has become apparent. Despite the urgency,
these critical infrastructures are frequently neglected in renewable energy policy frameworks. While
there is a growing global emphasis on the deployment of renewables, regulatory and incentive
mechanisms often prioritize residential and commercial sectors, leaving the logistics industry
underrepresented. This disconnect has delayed the incorporation of green energy practices in
logistics operations, particularly within logistics hubs. The operational inefficiencies in these hubs
are further exacerbated by resistance to technological change, limited capital investment, and a
fragmented approach to infrastructure modernization (Ataseveri & Kose, 2024).

Notwithstanding these challenges, several countries have begun to develop frameworks that
integrate logistics hubs into renewable energy strategies. These include targeted subsidies,
microgrid development, and energy-sharing platforms that allow hubs to become producers and
distributors of clean energy. Nonetheless, while these measures show potential, their
implementation remains uneven and lacks international standardization. In countries such as
Brazil, Germany, and the UAE, early-stage policy innovations offer valuable insights but are
insufficiently scaled to inform global practice (Hammad et al., 2021; Jothi et al., 2024).

The principal barrier to renewable integration in logistics hubs lies in the policy misalignment
between energy regulators and industrial stakeholders, a systemic issue this study analyzes
comparatively across five national frameworks. While national energy strategies may support
renewable adoption broadly, they often do not account for the operational and infrastructural
specificities of logistics hubs. This regulatory oversight results in the systemic exclusion of logistics
facilities from incentive structures such as feed-in tariffs, tax credits, and net metering schemes
(Hammad et al.,, 2021). The absence of dedicated support mechanisms not only curtails the
potential of logistics hubs to generate clean energy on-site but also reduces their ability to act as
decentralized energy hubs within wider distribution networks (Aleem et al., 2022).

When integrated effectively, logistics hubs can serve as energy nexus points that connect various
energy inputs and outputs within supply chains. Through the deployment of renewable
technologies such as solar photovoltaics and energy storage systems, along with smart energy
management platforms, logistics hubs are well-positioned to enhance energy resilience and support
national decarbonization targets. The use of microgrids in urban logistics centers, for instance, has
demonstrated potential for localized energy autonomy, reduced transmission losses, and enhanced

reliability in energy delivery (Mansour-Saatloo et al., 2021; Trincone, 2024).
This growing body of empirical evidence underlines the importance of incorporating logistics hubs

into national decarbonization strategies. Their strategic location, scale, and energy demand make
them ideal candidates for renewable deployment. However, this potential remains underutilized
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due to regulatory inertia and the lack of coordinated institutional frameworks. The result is a
fragmented energy landscape where logistics hubs are peripheral rather than central to energy
transition efforts (Perera et al., 2017).

In light of these findings, this study aims to examine current regulatory frameworks and identify
policy innovations that can catalyze renewable energy integration in logistics hubs. By analyzing
global best practices and policy shortcomings, it proposes a strategic roadmap for inclusive
regulatory reform. The study’s novelty lies in its sector-specific focus, bridging a critical gap
between energy policy and logistics infrastructure. It offers actionable insights to policymakers,
logistics operators, and energy stakeholders seeking to transform logistics hubs into vital
components of a sustainable and decarbonized energy system.

METHOD

This study adopts a qualitative and comparative methodological framework to evaluate the
regulatory and institutional mechanisms that influence renewable energy integration within
logistics hubs. The research design integrates three key approaches: comparative case study
analysis, stakeholder mapping, and institutional policy assessment, drawing from both primary
policy sources and secondary literature. The Net-Map method was selected for stakeholder analysis
due to its ability to visualize power relations and decision pathways among logistics and energy
actors, offering richer insights than standard matrix-based mapping approaches.

The primary analytical method involves a comparative policy analysis of five countries: Germany,
Brazil, the United Arab Emirates (UAE), Indonesia, and the United States. These countries were
selected due to their diverse energy regulatory environments, varying levels of logistics sector
development, and contrasting approaches to renewable energy integration. Comparative case
studies are particularly effective in energy policy research for identifying best practices, regulatory
bottlenecks, and policy transferability (Krasniqi, 2024).

In line with Popescu et al. (2024), a hybrid framework was applied that integrates energy
consumption metrics and carbon emissions coefficients relevant to logistics operations. This
approach enables the quantification of emissions profiles and potential reductions through policy
implementation. Quantitative elements support the broader qualitative narrative by grounding
analysis in empirically measurable outcomes. The inclusion of time-series assessments further

enhances understanding of how policy reforms correlate with emissions performance over time
(Nascimento & Héhne, 2023).

Stakeholder mapping serves as a complementary method to uncover institutional dynamics, power
structures, and collaborative potentials within the logistics—energy policy nexus. The study utilizes
the Net-Map methodology (Buccini et al., 2020), which visualizes actor relationships, influence
levels, and information flows. This approach facilitates a nuanced understanding of the multi-actor
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environment involved in the regulatory process, including energy ministries, logistics operators,
grid authorities, and financial agencies.

Data were collected from national energy plans, legal and regulatory texts, industrial energy use
reports, and international agency publications (e.g., IEA, UNCTAD). Where applicable, industry-
specific documentation, such as logistics sector emissions reports and renewable project case files,
were also reviewed. To ensure reliability and replicability, document selection was based on
publication credibility, relevance to logistics hubs, and policy specificity.

The integration of stakeholder analysis into the case study framework enabled the identification of
common barriers, such as regulatory fragmentation and institutional misalignment, and highlighted
enabling conditions, such as fiscal incentives and fast-track grid permitting. This dual perspective
allowed the study to contrast high-performance systems (e.g., Germany and Brazil) with less
developed regulatory environments (e.g., Indonesia), thereby distilling both universal principles
and context-specific recommendations.

In conclusion, this multi-method approach allows for a comprehensive exploration of how policy
instruments operate within distinct governance systems to support or hinder renewable energy
uptake in logistics hubs. It provides a robust foundation for constructing policy roadmaps tailored
to the operational realities and institutional structures of diverse national contexts.

RESULT AND DISCUSSION

Regulatory Exclusion of Logistic Hubs

The regulatory exclusion of logistics hubs from renewable energy incentives is largely attributable
to outdated policy categorizations that fail to reflect their high energy intensity and operational
complexity. As highlighted by SOYLEMEZ, & Séylemez (2024), existing frameworks often classify
energy users in rigid segments, such as residential, commercial, or industrial, without distinct
consideration for the logistics sector. This results in logistics hubs falling between definitions,
rendering them ineligible for incentives such as feed-in tariffs, net metering, or renewable energy
credits (Reynolds, 2024).

However, several countries have revised their classifications to include logistics hubs under
renewable schemes. In Germany and the Netherlands, recent changes permit logistics operators
to qualify for RECs and subsidized renewable infrastructure, including electric vehicle charging
stations (Pratama et al., 2024; Situmorang, 2023). Furthermore, some policies have introduced
metrics that realign logistics energy consumption with emission reduction targets, signaling a more
inclusive policy direction.

Despite progress, segmentation by firm size continues to create barriers. Logistics hubs are
frequently categorized either as SMEs or large energy consumers, omitting operational nuance. As
noted by Mudhoffar & Magriasti (2024), this leads to exclusion from nuanced, sector-targeted
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incentive schemes. In contrast, progressive frameworks have started defining logistics as a stand-
alone energy sector, deserving tailored instruments (Cann, 2021).

Empirical evidence shows that excluded hubs demonstrate lower renewable adoption rates and
higher operational costs (Sonjaya & Noch, 2024). They are also less likely to invest in energy-
efficient systems, thus prolonging their carbon-intensive status ((Chen & Musango, 2022).

Institutional and Bureaucratic Barriets

Multiple regulatory bodies including energy commissions, transport ministries, and environmental
authorities are involved in logistics-related energy governance (Krasniqi, 2024). Often, their
overlapping jurisdictions lead to fragmented policymaking. For example, in the United States,
DOE and EPA collaborate but have divergent agendas, causing inefficiencies in energy transition
initiatives (Okwanya et al., 2020).

Permit processing delays represent another barrier. Prolonged timelines reduce investor
confidence and stall implementation (Hermanto, 2018). A delayed return on investment
discourages energy innovation within hubs (Martinez et al., 2018), and contributes to greenhouse
gas stagnation (Henriques et al., 2024).

Furthermore, institutional misalignment among ministries is well-documented in Indonesia and
the Philippines, where energy and transport regulations often conflict, undermining coordinated
sustainability goals (Weidner, 2022). This misalignment hinders the integration of sustainable
technologies in logistics operations (Chen & Musango, 2022).

Absence of coordinating institutions also constrains transitions. Without a unified entity
overseeing energy-logistics policy integration, projects like microgrids or on-site renewables face
logistical and regulatory setbacks (Situmorang, 2023). EU member states that employ transition
coordinators have shown greater success in aligning logistics and energy strategies.

Best Practice Case Studies

Germany’s reform enabling simplified grid access and feed-in incentives for logistics hubs is a
model of effective integration (Suharto & Tando, 2021). Provisions include decentralized grid
entry and solar subsidies, increasing logistics sector participation in renewable markets.

In Brazil, logistics-focused subsidies for renewable adoption in freight services and warechouse
systems ranging from tax relief to biofuel investments have led to measurable emissions reductions
(Wogwu & Wogwu, 2024).

The UAE’s Dubai South framework links logistics development with renewable adoption via
financial incentives, especially for solar energy deployment. This has led to lower operational costs
and enhanced sustainability metrics (Lazaro & Baba, 2023).
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These case studies demonstrate policy-driven increases in renewable energy adoption and
emissions decline (Yudha et al, 2018), offering scalable models for broader international
application.

Policy Tools and Impact

Policy instruments such as feed-in premiums, RECs, and I'TCs have proven critical for logistics
hubs, helping mitigate high operational costs and facilitating renewable infrastructure investments
(Iswanto & Pamungkas, 2023).

Dynamic pricing, including time-of-use rates, has encouraged load shifting, improving energy
efficiency and cost management in logistics hubs (Quintana et al., 2021).

Public-private partnerships have also enabled scalable deployment of clean technologies. These
collaborations unlock financing and support technology transfer, leading to economic, social, and
environmental co-benefits.

Finally, industrial feed-in premiums offer financial stability by guaranteeing returns on renewable
generation, incentivizing investment and broadening participation among logistics operators
(Simpson, 2017).

The integration of renewable energy into logistics hubs represents a crucial strategy in the pursuit
of decarbonization. However, regulatory and institutional frameworks have not fully adapted to
accommodate the unique characteristics of logistics operations. A rethinking of energy governance
is necessary one that not only aligns climate goals with operational realities but also embraces
inclusivity and technological sophistication.

Frameworks for designing inclusive energy regulations must account for both vertical and
horizontal policy integration. As noted by Kettner and Kletzan-Slamanig (2020), climate policy
integration is vital to ensure coherence across environmental and energy domains. Their
framework emphasizes feedback mechanisms and adaptive governance to enable responsive and
effective policymaking. Equally important is the multi-level governance model, which facilitates
harmonization between national, regional, and municipal levels of government (Cherp et al., 2018).
This model recognizes the socio-economic diversity of regions and promotes energy equity
through decentralized policy design (Kadiri et al., 2022). Smart technologies, such as IoT-based
monitoring and predictive analytics, further support inclusive design by tailoring solutions to local
energy profiles (Solaymani, 2021).

Harmonizing energy policy across jurisdictions remains a persistent challenge, particularly where
multiple ministries and agencies oversee intersecting mandates. Inter-ministerial coordination
platforms can align priorities between energy, transport, and environmental sectors (Chang & Lo,
2022). Cross-border energy cooperation initiatives, as practiced in the EU and parts of Southeast
Asia, illustrate how shared infrastructure and investment frameworks can bridge regulatory gaps
(Pamadi & Sari, 2022). Adopting such models at the national level can standardize objectives and
reduce policy fragmentation. The EU’s common market approach also demonstrates how
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collective adherence to unified standards can facilitate synchronization across heterogeneous
policy systems (Ponce et al., 2020).

Municipal governments serve as key enablers of energy transitions at the logistics hub level. They
hold jurisdiction over zoning, urban planning, and local infrastructure, which allows them to
implement renewable-friendly regulations tailored to logistics needs (Cullen, 2016). Municipalities
also play a role in bridging community interests and industry operations by fostering stakeholder
engagement and offering participatory planning platforms (Xie et al., 2023). Through financial
incentives, permitting flexibility, and transparency mandates, municipalities can stimulate private-
sector participation in energy transformation (Terrier et al., 2023). These localized efforts align
with broader national goals when embedded within multi-level governance frameworks.

The debate between policy incentives and infrastructure investment is less a dichotomy and more
a synergy. Incentives such as tax credits and feed-in tariffs effectively reduce financial barriers to
renewable adoption. However, without concurrent infrastructure development such as smart grids,
on-site generation facilities, and energy storage the impact of these policies remains limited
(Griffiths, 2017). Smart grid systems, in particular, enable logistics hubs to dynamically manage
supply and demand, enhancing their capacity to integrate distributed renewables (Ayuketah et al.,
2024).

Comparative assessments reveal that regions with coordinated policy and infrastructure
frameworks experience accelerated transitions (Neupane et al., 2022). Incentives catalyze adoption,
but infrastructure solidifies the outcomes. The path forward thus requires a dual strategy:
deploying targeted incentives while investing in enabling infrastructure. Regulatory design must
reflect this interdependence, positioning logistics hubs not just as energy consumers but as active
participants in energy generation and management.

In conclusion, inclusive, harmonized, and infrastructure-backed regulatory systems are imperative
to unlock logistics hubs’ renewable potential. This research highlights that policy coherence,
supported by enabling infrastructure and inter-ministerial alighment, determines the success of
logistics energy transitions.

CONCLUSION

Logistics hubs represent pivotal yet underutilized infrastructures in the global renewable energy
transition. Despite their substantial energy consumption and centrality within supply chains, they
remain largely excluded from most renewable energy policy frameworks. This study demonstrates
that such exclusion limits opportunities for emissions reduction, energy resilience, and sustainable
innovation. Comparative evidence from Germany, Brazil, and the UAE illustrates that well-
designed regulatory reforms such as grid access facilitation, renewable subsidies, and integrated
municipal incentives can transform logistics hubs into decentralized energy producers and key
nodes in low-carbon networks.

The findings underscore that policy innovation must advance alongside physical infrastructure
development. Tailored incentives, inter-agency coordination, and active municipal participation
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are critical to realizing these transitions. Furthermore, harmonization across jurisdictions and
sectors ensures policy coherence and scalability. By emphasizing governance reform rather than
solely technological solutions, this study provides a strategic roadmap for integrating logistics hubs
into national decarbonization agendas, reaffirming their potential as engines of sustainable
economic transformation and energy resilience.
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