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Abstract— Energy affordability and financial inclusion remain critical challenges for small island communities, where
reliance on imported fossil fuels and high energy costs disproportionately impact low-income households. At the same time,
high-income households and the growing tourism sector on these islands hold significant financial capacity to drive
equitable energy transitions. This perspective explores the role of high-income stakeholders and tourism operators in
promoting energy affordability through retribution mechanisms, adaptive service assets, and flexible organizational models.
By leveraging financial resources and investing in clean energy solutions, high-income households and tourism businesses
can contribute to a sustainable energy future that benefits all members of the community, bridging the gap between
economic growth, energy equity, and environmental sustainability.
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I. INTRODUCTION

Energy affordability and access remain significant

challenges for many small islands [1], [2], [3].
particularly in countries like Indonesia, where the
geographic isolation of these islands often results in high
energy costs and limited infrastructure [4]. These islands
frequently depend on imported fossil fuels like diesel for
electricity generation [5], which is not only costly but
also environmentally unsustainable. The lack of
affordable, reliable energy disproportionately affects
low-income households [6], leaving many without access
to clean energy solutions and contributing to energy
poverty. At the same time, small islands in Indonesia are
seeing rapid growth in tourism [7], [8], [9], [10], [11], a
sector that has become a key driver of economic
development. High-income households, along with
tourism businesses such as hotels, resorts, and
restaurants, consume a substantial share of the islands'
energy, which puts additional strain on local energy
systems. To address these challenges, the principles of
Industrial Ecology and Industrial Symbiosis provide a
framework for systematic thinking [12]. These
approaches  encourage companies to integrate
environmental sustainability into their supply chains. By
adopting these practices, businesses can help mitigate the
environmental impact of increased energy consumption
and support the development of more sustainable energy
solutions on small islands.

In many cases, government energy subsidies have
been used to offset high energy costs for vulnerable
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populations [13], [14]. While these subsidies offer short-
term relief, they are often inefficient, unsustainable, and
sometimes fail to reach the most vulnerable [15]. There
is a growing recognition that more targeted, innovative
approaches are needed to bridge the gap between energy
affordability, financial inclusion, and long-term
sustainability [16]. High-income households and tourism
operators are in a unique position to contribute to energy
equity through retribution mechanisms that help
subsidize the cost of energy for lower-income
households. By investing in clean energy technologies
such as solar power systems, hybrid energy solutions,
and energy storage, these stakeholders can help lower the
overall cost of energy while also advancing sustainability
goals [17], [18].

Consequentialist theories in behavioral science
advocate for satisfying self-interest through policies that
utilize choice architecture to encourage rational decision-
making [11], [19], [20], [21], [22]. Additionally,
adaptive service assets, flexible organizational structures,
and collaborative  community-based management
systems provide a robust evaluation framework. This
allows high-income stakeholders to actively engage in
and support local energy transitions. Insights from
successful models demonstrate how tourism-driven
retribution mechanisms can promote financial inclusion
on small islands, offering a blueprint for a just transition
that benefits all community members. By embedding
principles of energy and environmental justice
throughout all stages of clean energy technology
research and development [23], we can facilitate a more
equitable energy transition.
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Il. ENERGY ACCESS IN INFORMAL SETTLEMENTS ON
SMALL ISLANDS IN INDONESIA

In Indonesia, where small island communities are
scattered across the archipelago, energy access remains a
pressing issue [24], particularly for those living in
informal settlements. These communities, often located
on remote islands, are marginalized and excluded from
formal regulatory and infrastructure frameworks.
Lacking secure land tenure and formal recognition, they
frequently find themselves disconnected from national
electricity grids and clean energy infrastructure. Instead,
many residents rely on costly and unsustainable energy
sources such as kerosene, firewood, or unauthorized
electricity connections [25]. These practices not only
perpetuate energy poverty but also expose communities
to severe health and safety risks, including respiratory
illnesses and fire hazards.

On small islands, geographical isolation, limited
infrastructure, and high transportation costs make it
difficult to extend conventional energy services.
Moreover, informal settlements, such as those found in
fishing villages and temporary tourist hubs, are often
overlooked in national energy planning efforts. As a
result, residents struggle with unreliable or non-existent
energy services, impeding their access to basic needs,
education, healthcare, and economic opportunities. This
perpetuates a cycle of poverty and exclusion, making it
critical to integrate these communities into the national
energy transition agenda. A just energy transition in
Indonesia must consider the unique challenges faced by
these informal island communities. Large-scale
infrastructure projects, such as national grid expansions
[26], [27], often bypass these areas due to high costs and
logistical difficulties. Instead, more inclusive and locally
adapted approaches are needed, emphasizing
decentralized energy solutions that cater to the specific
needs of these vulnerable populations.

Decentralized renewable energy systems, particularly
off-grid solar power systems [28], [29], hold immense
potential for improving energy access in small island
settlements. These systems can be tailored to the
community's needs, providing sustainable energy for
lighting, cooking, refrigeration, and other essential
services without relying on expensive grid infrastructure.
Off-grid solar energy is particularly well-suited for
Indonesia's small islands, which experience abundant
sunlight year-round, making it a cost-effective and
sustainable  solution  for isolated communities.
Decentralized energy projects also offer opportunities for
local job creation and community empowerment [30].
For instance, the installation, maintenance, and
management of solar energy systems can create
employment opportunities for residents, providing them
with valuable skills and promoting local economic
development. In some Indonesian fishing villages, such
projects have empowered local fishermen to improve
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their livelihoods by using solar-powered cold storage
units to preserve their catch [31], [32], [33], reducing
food spoilage and increasing income.

In tourism-dependent small islands, decentralized
energy systems can also enhance the resilience of the
tourism industry. On islands such as Nusa Penida Island,
many informal settlements rely on seasonal tourism as a
source of income [34]. By adopting decentralized solar-
biomass hybrid [35], these communities can reduce their
reliance on diesel generators, which are both costly and
harmful to the environment, while ensuring a more
reliable energy supply for tourist services. Beyond the
technical aspects of energy access, the social dimensions
of informal settlements must also be addressed to ensure
a successful and just energy transition. Understanding
the behavioral patterns, consumption habits, and cultural
practices of these communities is critical for designing
interventions that are not only effective but also socially
acceptable and culturally appropriate. For example,
energy use patterns in informal fishing villages often
revolve around seasonal cycles and the specific needs of
fishing activities, while communities that cater to
tourism may have fluctuating energy demand throughout
the year. To ensure that energy solutions align with local
needs, community engagement must be a central
component of energy project design and implementation.
Participatory approaches that involve residents in
decision-making processes can help build trust and
ensure that solutions are responsive to community
preferences [21], [36], [37], [38], [39]. For instance, in
some informal settlements in Indonesia, community
members have been actively involved in the co-design of
solar energy systems, choosing system sizes and
configurations that best suit their daily energy demands.

111. ADAPTIVE SERVICE IN A JUST ENERGY TRANSITION FOR
ENERGY AFFORDABILITY AND FINANCIAL INCLUSION ON
SMALL ISLANDS

Adaptive service assets refer to energy systems and
financial tools that are designed to evolve in response to
the changing needs of both consumers and the energy
market. In small island communities, these assets could
include renewable energy infrastructure, such as solar
power systems and wind turbines, which are designed to
scale and adjust based on demand and community
requirements. For high-income households, assets
provide the opportunity to invest in advanced energy
technologies like rooftop solar photovoltaic (PV)
systems and energy storage solutions [40], [41]. These
investments not only benefit individual households by
reducing long-term energy costs but also enhance the
overall resilience of island energy systems. When high-
income households adopt these technologies, it increases
the likelihood that energy services can be extended to
lower-income residents through mechanisms like energy
sharing or grid extensions.
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Figure 1. Adaptive service in a just energy transition framework

Flexibility ~within organizational structures is
essential for navigating the complexities of energy
transitions on small islands. High-income households,
often with greater access to resources, can play a pivotal
role in fostering organizational flexibility. By
participating in cooperatives, local energy councils, or
community-based energy management groups, these
households can provide financial and managerial
expertise that supports the broader community.
Flexibility within these organizations allows for dynamic
decision-making, enabling energy systems to adapt to
changing financial conditions, technological
advancements, and community needs. For example, local
energy cooperatives can establish flexible pricing
schemes, where high-income households pay a premium
for energy access [42], [43], and the surplus funds are
reinvested into subsidizing energy costs for low-income
families. This kind of cross-subsidization creates a more
equitable energy market, where financial retribution is
redistributed to ensure affordable access for everyone. In
small islands, where centralized energy providers may
not be economically viable, flexible organizational
structures are particularly important.

The transition to a more just and sustainable energy
system requires significant investment in learning and
capacity building for all members of society. High-
income households, with access to education, training,
and financial resources, have the potential to act as early
adopters and knowledge leaders in clean energy
technologies. Learning is a critical component of
fostering a just transition, as it ensures that all residents
are equipped with the skills needed to manage and
maintain new energy systems. High-income households
can fund and participate in local energy workshops,
training programs, and skill development initiatives
aimed at building community-wide capacity for energy
management. These initiatives could focus on areas such
as renewable energy installation, energy efficiency
practices, and digital payment systems for energy
services. In small island settings, where technical
expertise may be limited, fostering local knowledge and
capacity is essential for the long-term success of
decentralized energy systems. By investing in capacity-
building programs [44], [45], high-income households

can ensure that local residents have the skills and
knowledge needed to manage these systems, reducing
the reliance on external service providers and enhancing
community resilience.

Agency justice refers to ensuring that all individuals
and communities have the capacity to actively participate
in and shape energy systems that affect their lives. High-
income households can support agency justice by using
their financial and social capital to advocate for inclusive
energy policies that prioritize the needs of low-income
households. One way to promote agency justice is
through financial retribution mechanisms [46], where
high-income households contribute to community energy
funds that are used to subsidize energy access for lower-
income residents. This could take the form of
progressive energy tariffs [47], where those who
consume more energy pay higher rates, and the
additional revenue is used to fund community-level
energy projects [10], [48]. Alternatively, high-income
households could participate in energy-saving incentive
programs, where part of the savings generated from
energy efficiency improvements is redirected into public
energy funds. In small island communities, financial
retribution systems are especially important because they
allow wealthier households to contribute directly to the
affordability of energy services for others. These
retribution systems could also be tied to environmental
goals, such as reducing reliance on diesel generators,
lowering carbon emissions, and supporting renewable
energy projects. By linking financial contributions to
broader community benefits, these systems promote
greater equity in energy access while incentivizing high-
income households to invest in clean energy
technologies.

The just transition framework emphasizes the
importance of equity and inclusivity in moving toward a
clean energy future. On small islands, where energy
systems are fragile and communities often face
significant economic challenges, ensuring that energy is
both affordable and accessible requires a holistic
approach. For high-income households, participation in
energy transitions can extend beyond personal
investments in clean energy technologies. These
households can serve as catalysts for broader financial
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inclusion by supporting innovative financing models,
such as community microfinance initiatives or renewable
energy bonds, that enable low-income residents to access
clean energy. A successful just energy transition on
small islands will require partnerships between high-
income households, local governments, and financial
institutions. Together, they can design adaptive service
assets that evolve with community needs, implement
flexible organizational structures that allow for shared
decision-making, invest in capacity-building initiatives
that empower local residents, and create financial
retribution systems that ensure everyone benefits from
the transition to clean energy. By aligning the interests of
high-income households with the broader goals of
energy affordability and inclusion, small islands can not
only achieve more sustainable energy systems but also
build more resilient and just communities.

IV. CONCLUSION

Tourism retribution, as demonstrated in Nusa Penida,
provides a practical and effective mechanism for
redistributing energy costs, ensuring that low-income
households benefit from the investments and financial
resources of wealthier households and tourism operators.
Through  cross-subsidization,  community-managed
energy funds, and inclusive decision-making processes,
small islands can promote energy equity while reducing
their reliance on expensive and environmentally
damaging fossil fuels. High-income households and
tourism businesses, by leveraging their financial capacity
and influence, can lead the way in creating sustainable
energy systems that foster agency justice, reduce
inequalities, and build resilience.
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