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ABSTRACT

The demand for low-carbon energy to tackle the climate crisis requires large swathes of land to develop
renewable energy infrastructure, such as wind, solar, geothermal, hydrogen, or pumped hydro. Claiming to avoid
encroaching on already occupied landscapes where different forms of tenure exist, the energy industry is
increasingly targeting closed and abandoned mine areas. This transformation not only promises to mitigate or
address the ecological impact of mining but is also promoted as a means of local socio-economic development
through employment creation, redressing energy poverty, and community benefit sharing within the renewable
energy sector. However, these developments can have grave social and environmental impacts and thus may
exacerbate transitional and intersectional inequalities and injustices. Hence, careful planning and stakeholder
engagement are vital to ensuring that repurposing projects reflect the needs and values of impacted communities
and the historical and political contexts of mining areas. Shedding light on the situation in Australia and Ger-
many, two countries at the forefront of these new energy initiatives, this article presents perspectives from
engineering and anthropology to discuss some of the social and environmental risks involved in the repurposing
of mines. From these interdisciplinary conversations, we develop policy recommendations for a just energy
transition and sketch some directions for future research.

1. Introduction

The urgent need to transition from the use of fossil fuels (such as coal,
oil, and gas) to renewable energy sources (such as wind, solar, and
geothermal power) generates an increasing demand for land upon which
to establish this renewable energy and storage infrastructure. One of the
solutions presented by the industry is the repurposing of old mines. In
this article, we focus on two unique contexts in which this energy
transition is progressing. We discuss recent geothermal initiatives in
Germany and investigate Australia as a place where pumped hydro
conversion potential is being explored. As an interdisciplinary team of
anthropologists and engineers from both countries, we are interested in
a cross-cutting conversation that seeks to identify the unique material,
environmental and social challenges in specific locales and practices,
thus allowing for a more nuanced approach in our understanding of
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these transitions.

Global efforts to locate suitable sites for renewable infrastructure
need to consider a wide range of human and environmental factors
[1-4]. Germany and Australia, both having long mining histories, have
been at the forefront of these efforts. Previously developed “brownfield”
land (e.g., abandoned mining sites) is attractive to the industry because
it offers many advantages, such as existing transmission and water
pumping infrastructure, road access, and a reduced environmental
impact for development on previously disturbed land [5]. However,
inactive mining voids also present risks to the environment and local
social and political constellations, which need to be considered in
conjunction with any future proposed developments. Repurposing pro-
jects can create or exacerbate a toll on communities and environments,
and they cannot be used as a way to abrogate rehabilitation re-
sponsibilities related to previous mining activities. The persistence of
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these impacts often compromises the “just transition” goals. It is there-
fore essential to ensure that all energy initiatives acknowledge inter-
sectional inequalities, environmental injustices, and social harms in
communities or regions where these developments occur. Technology
deployment needs to fit into the socio-cultural and bio-physical context
of each place, attending to new and existing industry impacts on the
landscape and also on the emotional attachments, quality of life, and
past experiences that connect people and places, which in turn affect
their perceptions of and reactions towards energy technologies [6].

Responsible repurposing of mines for clean energy must, therefore,
engage with local understandings and meanings of justice and politics,
informed by regional histories and complexities. Attention to environ-
mental, social, and governance (ESG) issues is no one-size-fits-all solu-
tion but requires careful engagement with local specificities.

The conceptualization of just transitions originated with trade union
movements and activists in the United States to protect the rights of
workers during a wave of shutdowns of polluting industries (like coal) in
the 1970s. This subsequently diffused into scholarly debates, particu-
larly in the field of environmental justice [7]. While the first generation
of environmental justice studies in the 1980s were about the distribution
of ecological bads and goods with a particular focus on race and class,
the field has since expanded to encompass a wide variety of justice di-
mensions, including intergenerational, cosmopolitan, distributional,
recognitional, and procedural justice [6,8,9]. To understand the in-
tricacies of ESG in converting abandoned mine sites for clean energy,
aspects of distributional, procedural and recognitional justice are
relevant.

Distributional justice examines the allocation of resources and the
unequal distribution of environmental benefits and burdens, such as
pollution or use of natural resources. Procedural justice focuses on the
fairness and inclusivity of decision-making processes, analyzing whether
all stakeholders, particularly marginalized and vulnerable groups, are
meaningfully involved in decisions that impact their lives. Lastly, rec-
ognitional justice explores how diverse identities, cultures, and values
are acknowledged in energy initiatives. Through identifying where
conflicts and controversies emerge, engaging with local understandings
and perceptions of energy justice makes us aware of potential and
already existing social and environmental inequalities, which the
introduction of new technologies in former mines might (re-)produce
[10-12].

New energy initiatives are situated at the intersections of time, and
social and environmental injustices. Mine closure and renewable
energy-related policy discussions should therefore consider the exis-
tential and relational forms of injustices that occur in regions where
these energy initiatives are taking shape. Regarding empty mines as
multilayered and complex historically specific ecological and social
landscapes, instead of seeing them as barren land, can raise our
awareness about potential social conflicts and environmental changes.
We argue that such awareness is a precondition for any meaningful
discussions about the social and environmental impacts of repurposing
mines for renewable energy, and the possible ways in which these im-
pacts can be mitigated.

The proposition of this perspective article emerged from a series of
meetings conducted in Australia and Germany in person and virtually.
Our team, comprising of engineers and anthropologists, has previously
worked in various projects in this field. Our shared interest was the
increasing number of mines targeted for renewable energy repurposing,
with some projects already underway in Australia and Germany. We
noted that while there was a growing body of literature on this topic,
both from the engineering point of view and critical social sciences and
anthropology, industry typically presents the repurposing of mines as a
rehabilitation opportunity, with limited discussion of socio-
environmental justice associated with developing and operating the
new asset. Also, the engineering and critical social studies on these
processes are rarely brought into conversation. We, therefore, regard
this article as an opportunity to open up such a translocal and
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transdisciplinary debate and thereby provide directions for future
research and policy discussions.

Our study is grounded in an extensive review of the existing litera-
ture pertaining to mine closure and renewable energy initiatives in
Australia and Germany. This literature predominantly comprises scien-
tific articles that examine the regional dynamics where these energy
initiatives are being implemented. In particular, we have referenced
studies pertaining to the coal phase-out and energy transition process in
Germany, which serve as critical precedents to the contemporary de-
velopments in renewable energy. For the Australian case study, we also
refer to studies by Australian Indigenous scholars [13,14], including the
First Nations Clean Energy Network of Australia. It is a network of First
Nations people, community organizations, land councils, unions, aca-
demics, industry groups, technical advisors, legal experts, renewable
energy companies and others, working in partnership to ensure that First
Nations communities share in the benefits of the clean energy boom.

The paper is presented as follows: Section 2 lays out some of the
historical, social, and environmental concerns related to the repurposing
of mines; Section 3 introduces the technologies and discusses the specific
environmental and social impacts in a comparative manner; Section 4
concludes the paper by providing policy recommendations and di-
rections for future research.

2. Historical, social and environmental debates around the
repurposing of mines

In the pursuit of just transitions through mine repurposing, best
practice examples include cases in the UK, the USA, Poland, Germany,
and Australia [2,5]. In countries like Germany and Australia, literature
on repurposing mines for clean energy and storage is dominated by
technological and engineering perspectives [5,9,15,16]. However, this
literature is often unaware of the critical debates on socio-
environmental implications of the development of new energy infra-
structure and technologies on previously mined land. Yet, as de Souza
[17] has argued, without social and environmental data on these de-
velopments, policy gaps will continue to persist, and eventually we risk
creating new areas of “green sacrifice”. Such “green sacrifice zones”
would be mined regions and their communities and environments that
will bear the impact of clean energy production - often due to industrial
pollution, toxic chemical exposure, water contamination and depletion
or other environmental injustices of energy capitalism and industrial
interests [17-19]. Studies that raise questions surrounding mine tran-
sitions to renewable energy are emerging [20,21]. For example, Walters
et al. [21] focus on media reporting of the notion of “justice” on the
transition from coalfields to clean futures in Australia, signifying the
need for deeper academic understanding of the issues. However, we not
only differ in geographical focus and scope from these recent studies, but
we propose a transdisciplinary approach, which provides an all-
encompassing view of the problem, from research to policy trans-
lation. We also consider differing forms of justice expected in different
jurisdictions based on variegated and entangled historical, social and
environmental dynamics which are articulated not only on the scale of
the nation-state, but also locally, as the case of Germany illustrates.

In anthropological debates, questions of justice, inequality, political
participation, and future making in late-industrial contexts have been
widely addressed [22,23]. Many studies focus on regions and places that
have experienced (and are still experiencing) environmental degrada-
tion and ‘slow violence’ of fossil modernity and its industries [24]. These
researchers emphasize that many historical, environmental, and social
conflicts in these places remain unresolved, especially after the closure
of mining industries, and require further negotiation and solutions.
Furthermore, these studies observe that the introduction of sustainable
energy production and new technologies does not automatically
contribute to more just regional development, even when these tech-
nologies comply with official environmental regulations and standards.
Techno-centric projects risk reproducing ecological injustice and social
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inequalities in the most vulnerable regions and communities, which
have long served as resource frontiers and ‘sacrifice zones’ [25] of global
capitalism.

Ethnographic accounts have shown that if technological projects do
not take into account multiple local concerns and diverging un-
derstandings of justice and sustainable futures, they risk reducing public
acceptance of the energy transition and support for environmental
policies [26,27]. A negative public attitude towards the energy transi-
tion can affect its governance and policy implementation, since policies
do not evolve as top-down linear processes, but are co-shaped, altered,
and put into practice by multiple actors [28]. Even though, from a
technological perspective, reusing old mines for sustainable energy
production has many advantages, one should be cautious about viewing
these mines as ‘empty places’. An awareness is needed that these places
represent multilayered, historically specific, and culturally meaningful
landscapes and nodes of particularly intensive political and social
negotiation in times of energy transition [29,30].

3. Critical reflections on the cases of Australia and Germany

Both Australia and Germany have long mining histories and stand
out in the global movement for the repurposing of mines in clean energy
initiatives. These cases are inherently complex, and our perspective
accordingly describes only some of the important issues at play to
initiate a wider interdisciplinary conversation. However, they are also
radically different — both in terms of the technologies that are favored
and the social and political aspects that need to be considered. So, within
the limited contrasts we present, valuable findings can still emerge.

Where mining sites are repurposed for pumped hydro energy storage
systems, there is a need to consider the disturbance of land and vege-
tation for reservoirs and pipes located outside the brownfield area, spoil
disposal, water used for the initial fill and top-ups, and water contami-
nation caused by seepage or releases into nearby waterways.
Geothermal energy technologies that repurpose mining sites must also
consider water usage and contamination, as well as the effects of sub-
surface construction, waste disposal, and indirect carbon emissions from
electricity required by heat pumps.

In social and political terms, the mining history of Australia is linked
to the settler colonial context that brought Indigenous dispossession,
impoverishment, marginalization, discrimination, and loss of life. Min-
ing projects have over time impacted Indigenous cultures and identities
that are inextricably contingent on environmental features such as water
and plant life [31-33]. Australian Indigenous connection to Country
spans over 65,000 years [13]. Truth telling and reconciliation processes
have not yet fully achieved their intended just outcomes [34] and are
often bypassed by mining companies as evidenced by the perpetuation
of human rights abuses and destruction of cultural property in mining
regions [35]. This Indigenous history is critical to understanding Aus-
tralia’s unique context, and hence it is a key focus here, yet the injustices
of industrial development naturally extend beyond this framing. Aus-
tralia’s agricultural sector, for example, is frequently placed at odds with
both the mining and energy industries in Australia.

In Germany, we find quite a different initial setting. Here, coal and
lignite extraction originally brought economic growth and stability to
the surrounding communities. Post-World War II, mining became deeply
linked to migration histories in West Germany and socialist experi-
mentation in the German Democratic Republic (GDR). Deindustrializa-
tion and the growing political and environmental pressures to end fossil
fuel dependence is experienced differently in our two contexts — and so
are attempts towards the repurposing of brownfield land in the green
energy transition. Therefore, it is vital to examine in detail how ESG
issues manifest in each case. We first discuss technological and envi-
ronmental aspects in Australia and Germany respectively, before going
deeper into the political constellations that co-shape the repurposing of
mines.
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3.1. Technological challenges and environmental issues

In Australia, pumped hydro systems have gained increasing attention
as an option for repurposing mines for energy storage. While other
storage technologies, such as compressed air energy storage (CAES)
have also been considered at smaller scales (e.g., Silver City 200 MW
facility at Broken Hill) [36], we focus primarily on pumped hydro in
Australia, given its large significance. Unlike conventional hydro,
closed-loop pumped hydro systems avoid new river dams, requiring only
two reservoirs at different elevations. Electricity is stored by pumping
water to the upper reservoir. During periods of low electricity supply,
water can be released from the upper reservoir to generate power
(Blakers et al., 2021). Repurposing mining land for pumped hydro may
reduce the size of the project footprint on other undeveloped land.

Example projects in Australia include the Kidston Pumped Storage
Hydro Project [37], Muswellbrook [38], and Mt. Rawdon [39].
Although part of the project footprint is located on brownfield land,
some of these systems still alienate between 30 and 52 ha of previously
undeveloped land for the upper reservoir and penstocks. Larger reser-
voir elevation differences and increasing the dam wall height can reduce
the land area required relative to the energy capacity. Excavation for
reservoirs, tunnels and powerhouses produces rock spoil that can be
prioritized for reuse in dam walls, aggregate, and road bases. Excess
spoil may be disposed of on part of the brownfield land [38]. Temporary
vegetation clearing may be required for surface penstocks or tunnel
trenches. Steep mining pit walls risk collapse from surface erosion,
necessitating reinforcement of unstable slopes [40-42]. Initial reservoir
filling and top-ups for evaporation/seepage losses require water, with
initial filling during high-flow periods minimizing downstream impacts
[43].

In low-rainfall areas, evaporation suppressors may be used to reduce
water consumption [44]. Aquatic ecology may be impacted in surface
water used for the initial fill [45]. Australian brownfield pumped hydro
options require an average of 1.6 gigalitres per gigawatt-hour of energy
capacity, with larger systems generally requiring less water per unit of
energy capacity [46,47]. This is because larger system sizes will typi-
cally be available in locations with larger reservoir elevation differences,
and energy capacity is proportional to both the elevation difference and
water volume.

During periods of high rainfall, even closed-loop pumped hydro
systems may be required to spill water to nearby waterways to prevent
over-topping. Water quality monitoring is necessary to prevent
contaminant releases at this time. Porous rock also risks fluid exchanges
between reservoirs and groundwater, impacting natural groundwater
flows [48] and potentially contaminating aquifers. Disturbed mining
land and tailings may contain sulphides that increase water acidity,
increasing bioavailable concentrations of aluminium, zinc, cadmium,
arsenic, mercury, and lead [49-54]. Sodium sulphate may contaminate
freshwater ecosystems if released [55]. To address these concerns,
reservoir linings can reduce seepage and limit groundwater contami-
nation [56], and soil and water may be treated (e.g., via reverse osmosis
and desalination ponds) before environmental release [54,57]. These
environmental processes and impacts of pumped hydro can conflict with
other local land uses including social, cultural, economic and conser-
vation activities that are dependent on the environment. For example, in
Australia, where Indigenous peoples’ lives are tied with the land,
ecological impacts such as erosion, evaporation and contamination of
biodiversity can be substantial.

In Germany, repurposing of mines has focused primarily on
geothermal energy technologies with a focus on heating applications. In
general, deep geothermal systems utilize aquifers extracted via binary
steam cycles or district heating systems. Shallow ground-source heat
pumps are widely used for residential and commercial heating [58].
Flooded mines are implemented as aquifer storage systems providing
heat or cold to district networks in urban regions [59]. Mine water with
temperatures between 10 and 30 °C is used for cooling and heating via
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heat pumps. High-temperature heat pumps supply temperatures of up to
100 °C and allow integration into conventional heating networks and
existing buildings [60,61].

Areas of application for mine-water utilisation in Germany include
the Freiberg district in Saxony, specifically the Reiche Zeche [62], and
the Ruhr area in North Rhine-Westphalia. Mine water utilisation in the
Freiberg district is dominated by heating and cooling applications with
small and medium capacity. At the Reiche Zeche mine in the Freiberg
district, mine water with temperatures between 14 and 19 °C is
extracted to provide heat supply by means of a downstream heat pump
with 175 kW thermal power. A cooling capacity of 100 kW is realized
through the direct use of mine water [63]. The described energy system
is similar to the reuse of mines in the Ruhr area of Germany. In the Mark
51°7 project in Bochum, mine water at a temperature of around 25 °C is
extracted from a depth of 800 m to provide a heat output of 3 MW using
heat pumps. A cooling capacity of 900 kW is to be provided by mine
water at a depth of 340 m with a temperature of 17 °C [64]. This clearly
shows that the concepts for geothermal use are very similar. However,
there are significant regional differences within Germany in the capacity
of energy systems due to differing customer structures.

The differences in heat-demand density between Freiberg and the
Ruhr area reflect broader demographic and structural trends across
eastern and western Germany. Since reunification, most regions in
Saxony, including Freiberg, have experienced population decline (Sax-
ony lost nearly 700,000 inhabitants, about 14 %) [65], and over the
longer term the state’s population fell by approximately one fifth be-
tween 1982 and 2024 [66]. This demographic shrinkage limits the
prospective heat demand and constrains the scale of district heating
systems. In contrast, industrial centres in North Rhine-Westphalia, such
as Bochum, maintain high population density. Bochum’s population
density is 2510 inhabitants/km> [67] and it ranks among NRW’s most
densely populated cities [68]. Such sustained urban density supports
technically larger mine-water geothermal systems and integrated dis-
trict energy networks. These demographic patterns thus directly influ-
ence the feasible capacity and scale of geothermal reuse in former
mining regions across Germany.

Aside from such demographic concerns, geothermal systems also
raise environmental issues related to water usage, which could conflict
with other needs such as fish spawning, and contamination of aquifers
through seepage of heavy metals and acidic sulphides. Mitigation op-
tions include the monitoring of surrounding groundwater wells.
Geothermal systems typically alienate less land because, unlike pumped
hydro, they do not need an uphill reservoir. Alienation of land can
intersect and conflict with other land uses and different forms of tenure
in the regional areas. Land subsidence, hazardous waste disposal such as
contaminated sludge and scale, and indirect greenhouse gas emissions
are other concerns related to geothermal. Consequentially, these con-
cerns raise questions about the safety and health of surrounding com-
munities and sustainability issues related to greenhouse gas emissions,
potentially leading to community pushback against perceived environ-
mental trade-offs. So far, Germany has no commercial heating project
based on abandoned mine utilisation that has been analyzed from an
environmental perspective. Despite the lack of literature on the subject,
parallels can be drawn to existing geothermal systems, enabling as-
sessments of risks.

Analogous to mine water systems, traditional geothermal heat plants
require pumps to transport the water from the underground to the heat
exchangers. For conventional deep geothermal heat projects, electricity
consumption, especially for deep well pumps, is mostly the biggest
single contributor [69-71]. Electricity consumption may also increase
for lower temperature sources that require the additional use of heat
pumps to achieve the required temperatures for the district heating
networks [72,73]. In the case of Germany, the matter of indirect emis-
sions is especially relevant since the German electricity mix still contains
substantial amounts of fossil sources like lignite and gas [74]. Although
due to efforts of the energy transition, the environmental footprint,
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especially the carbon footprint, is expected to decrease from 482.2
gCO2eq./kWh in 2023 to 28.9 gCO2eq./kWh in 2050 with the current
mitigation strategies [75]. A system akin to abandoned mine water
systems would be the use of aquifer thermal energy storages (ATES).
Stemmle et al. [76] analyzed the “Bonner Bogen” ATES and concluded a
Global Warming Potential (GWP) of 96 gCO2eq./kWh applying the
fossil-heavy German electricity mix of 2014 and a coefficient of per-
formance of 3.5. Thereby, electricity consumption dominates the
impact. By applying the expected mostly renewable German electricity
mix of 2050, they were able to lower the impact substantially to 13
gC0O2eq./kWh. One additional aspect is that no further environmental
burden arises from utilizing existing subsurface structures compared to
the well construction of conventional geothermal systems. When using
low-impact electricity sources for geothermal heating, such as those
studied by Pratiwi and Trutnevyte [73], risks primarily stem from the
subsurface construction for almost all impact categories. However, this
impact can be eliminated by repurposing abandoned wells, enabling a
highly sustainable, low-impact heating solution.

3.2. Historical specificities, social conflicts and political negotiations

The establishment of renewable energy technology on previously
mined sites intersects with many historical, social and political charac-
teristics of those places. Mined sites must not be seen as “empty sites”
because they are uninhabited, but as storied places imbued with deep
social and political histories. These characteristics must be considered
because they are bound to be impacted by new energy technologies. The
environmental dynamics discussed above have a bearing on social is-
sues. Therefore, in this section, we discuss the historical and social
specificities of Australia and Germany.

3.2.1. Australia

In Australia, renewable energy development across different land
and waterscapes is closely tied to Indigenous land rights, community
development, and social justice. Today, “First Nations people have le-
gally recognised rights across 57% of the Australian landmass” [77],
including a significant proportion of the regions increasingly considered
for the development of renewable energy infrastructure [13,32]. Also,
recent research found that “54.8% of Queensland’s abandoned mines,
[for example], are located where Indigenous peoples have rights to
land” [78]. In Australia, renewable energy development specifically on
mined sites raises concerns regarding Indigenous sovereignty. Histori-
cally, mines were opened in colonial contexts that disregarded Indige-
nous histories and rights. Therefore, renewable energy developments
need to pay attention to these key issues to minimize recurring impacts
on Indigenous people and to support a just energy transition.

While public discussions and policy debates are often centered on the
sociotechnical imaginaries [79] of the green energy transition for a
better future, Indigenous people are voicing critical concerns about the
social, cultural, and environmental costs of this promise. For example,
the establishment of proposed renewable hydrogen in rural Western
Australia will require huge amounts of land regulated under the Native
Title Act 1993 as Indigenous territory [14,33,80]. The Native Title Act
1993 establishes a framework for the protection and recognition of
native title. The Australian legal system recognises native title where: a)
the rights and interests are possessed under traditional laws and customs
that continue to be acknowledged and observed by the relevant Indig-
enous Australians, b) by virtue of those laws and customs, the relevant
Indigenous Australians have a connection with the land or waters, and c)
the native title rights and interests are recognised by the common law of
Australia [81]. The Native Title Act sets up processes to determine where
native title exists, how future activity impacting upon native title may be
undertaken, and to provide compensation where native title is impaired
or extinguished. The Act gives Indigenous Australians who hold native
title rights and interests, or those who have made a native title claim, the
right to be consulted and, in some cases, to participate in decisions about
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activities proposed to be undertaken on the land [81].

Some of the targeted mined sites intersect with native title interests.
Specifically, the Kidston pumped hydro energy project, in the state of
Queensland, is achieved by converting a gold mine within the Indige-
nous Country of the Gugu Badhum and Ewamian people. Each Austra-
lian state has specific regulations that protect Indigenous heritage and
cultures and are administered and enforced by state and local author-
ities. For example, one of the chief instruments in Queensland is the
Aboriginal Cultural Heritage Act 2003 [82], administered by the Depart-
ment of Aboriginal and Torres Strait Islander Partnerships (DATSIP),
which requires that a person who carries out an activity must take all
reasonable and practicable measures to ensure the activity does not
harm Aboriginal Cultural Heritage [83].

Similarly, in the state of New South Wales (NSW), the Muswellbrook
pumped hydro energy storage project is proposed for development on a
closed coal mine within the Indigenous territory of the Wonnaruah
people [38], who have strong cultural connection to Country. By law
these Indigenous cultures must be protected. One of the regulatory in-
struments that is used to protect Indigenous heritage in NSW is the
National Parks and Wildlife Service Act 1974 [84], which provides stat-
utory protection for all Aboriginal relics under Section 90 of the Act and
for Aboriginal Places under Section 84 [84]. Another instrument is the
Aboriginal Land Rights Act 1983 (ALRA) which provides land rights for
Aboriginal people, compensating for historical dispossession and
addressing social and economic disadvantage. The ALRA Act established
representative Aboriginal Land Councils that can claim certain Crown
lands, receive guaranteed funding, and manage these lands for the
benefit of their communities. These Acts, and the entities established
under their auspices (i.e., Prescribed Body Corporates and Land Coun-
cils), form part of the governance architecture that will apply in most
places where low-carbon energy projects are located.

The environmental and social impacts of projects that repurpose
disused mines are interdependent and often cannot be considered in
isolation. Abraham et al. [85] note that many legacy mines in Australia
operated at a time when there were no environmental regulations,
resulting in particularly high metal contamination. The authors found
elevated concentrations of mercury and arsenic in the soil around a
legacy mine in Victoria, Australia, with risk of rainfall runoff carrying
the contaminants into downstream drinking water sources for the local
community. It is reasonable to assume that a pumped hydro system
repurposing a similar legacy mine could pose a risk to potable water
when either spilling excess water or through seepage, creating similar
negative health outcomes for local communities or Indigenous peoples if
not properly controlled [86].

Water availability may also provide a tension between water
required for mine rehabilitation versus the needs of local ecosystems or
other water users. The Latrobe Valley Regional Rehabilitation Strategy
is a plan for the rehabilitation of three coal mines. The preferred pro-
posal for rehabilitation involved filling mine voids with water, providing
landform stability and mitigating the risk of fire from exposed coal [87].
Amendments to the strategy were required due to limited availability of
surface water, which created conflict with the needs of other water
users. The amendments included the possibility of limiting water access
to between winter and spring to prevent competition with irrigation and
commercial water users, a minimum flow threshold for the Latrobe
River to ensure sediment is properly flushed from aquatic ecosystems
and pools remain oxygenated, and a limit on annual water releases for
mine rehabilitation purposes from certain reservoirs to manage dry
seasons [88]. The development of a pit lake is analogous to performing
the initial fill of a pumped hydro system, so similar controls may be
required in regions with high water demand or low availability. Policy
related to brownfield pumped hydro development ought to take a ho-
listic view of both social and environmental considerations, allowing it
to manage tensions when they exist or consider synergies that can
simplify policy design.

Calls are escalating for inclusive renewable energy development in
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regional Australia, including on formerly mined sites. Central to these
calls is the involvement of local communities in renewable energy
research, in decision-making surrounding these initiatives, and in off-
setting the social burden of these energy initiatives through equitable
benefit-sharing [14,80]. For First Nations people living in these regional
communities, these recommendations are premised on the right to
Indigenous self-determination stipulated in The United Nations Decla-
ration on the Rights of Indigenous Peoples [89], and the argument that
inclusive renewable energy initiatives can potentially culminate in
sustainable and improved social outcomes for Indigenous people. As
such, Australia’s renewable energy transition must be on their terms.
This is the key message of the Federal Government’s new First Nations
Clean Energy Strategy [90] which was launched after more than a year
of consultations with First Nations communities across Australia, plus
input from industry and state and territory governments. The Govern-
ment committed AUD$70 million to help realize its aims. The strategy
calls for First Nations peoples’ connection to land and sea Country, and
their cultural knowledge and heritage, to be respected during the clean
energy transition. It acknowledges that clean energy harnesses the
natural elements — such as sun, wind and water — and that First Nations
peoples’ knowledge of Country, developed over millennia, can greatly
improve the way projects are designed and implemented. It says gov-
ernments and the clean energy industry must become more “culturally
competent” so they can work collaboratively with First Nations peoples.
Consistently, the First Nations Clean Energy Network [91] has devel-
oped best practice principles for clean energy projects designed for the
clean energy industry, government and communities and pushes for
such initiatives as ensuring projects provide economic and social bene-
fits, mutual respect, clear communication, cultural and environmental
considerations, land care, business development opportunities and free,
prior and informed consent (FPIC).

Equitable sharing also involves the consideration of other opportu-
nities such as employment, connection to the electricity grid, and
business procurement. This is particularly important in small mining
towns, where life revolves around a mine and many people have been
dependent on the mine for survival through jobs and business oppor-
tunities. Former mine workers might favour continuation of mining
rather than closure and the introduction of new industries. A recent
CSIRO [92] report documents ambivalent opinions about renewable
energy infrastructure. While metropolitan and regional responses were
largely similar, those living in rural areas (where mining is typically
situated) had moderate to negative attitudes. All these factors need to be
considered as well within the renewable energy projects that are situ-
ated on closed mines. The CSIRO report’s key findings were: a) Aus-
tralians are open to change, but unsure about the degree of change; b)
Affordable energy is a priority for many, reducing emissions a priority
for some; c) most people are unwilling to pay more or risk blackouts for a
faster transition; d) Australians are interested in the energy transition,
but reported limited knowledge about energy technologies. Consis-
tently, a 2023 national enquiry into community engagement on
renewable energy developments in Australia led by Mr. Adrew Dyer laid
bare deep-seated social factors such as limited consultations, power
imbalances between stakeholders and a perceived rural-urban divide
[93]. It provided recommendations including improvement in
complaint handling processes, keeping communities informed about the
transition, including goals, benefits and requirements and equitable
sharing of the benefits of the transition [94]. Factoring these diverse
opinions, and the uneven distribution of impact, into renewable energy
development can result in a fairer and more just transition.

3.2.2. Germany

In contrast, local communities in east and west Germany were
affected differently, as the history of coal extraction, dating back to the
17th and 18th centuries, brought economic stability and growth to the
surrounding areas. It also enabled energy autarky for various political
regimes, such as National Socialist Germany and later the German
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Democratic Republic (GDR). However, it also caused severe environ-
mental destruction and the devastation of settlements and local life
worlds. For instance, in the Central German coal district alone, 147
villages were destroyed and more than 50,000 people were relocated
over the past 100 years [95]. In more recent history, the division of
Germany after World War II led to different developments in the Rhenish
coal district (located in West Germany) and the Lusatian and Central
German coal districts (located in the former East Germany).

The reunification of Germany brought major transformations to the
East German coal industry. These included the closure and privatization
of extraction sites and power plants, as well as the restructuring of the
collectivized and subsidized socialist industry into one based on the
principles of the free market and private ownership. This transition had
significant social effects, which remain anchored in the collective
memory of local communities. For example, in Central Germany (the
former GDR), the number of people employed in the coal industry fell
dramatically from 60,000 in 1989 to just 2000 today, largely as a result
of German reunification [96]. Finally, the German Government’s recent
decision in 2020 to phase out coal combustion and shut down all lignite
power plants by 2038 has once again triggered major economic, polit-
ical, and social transformations in the country’s coal regions, both east
and west [97]. This decision, driven by environmentalist protests and
public pressure, has generated a wide range of expectations, but also
anxiety and skepticism among regional communities and coal-related
expert groups. Securing coal workers’ livelihoods and regional social
cohesion, finding new forms of energy production, remediating toxically
polluted landscapes, and implementing sustainable lifestyles and alter-
native future scenarios are currently the subject of intense debate and
controversy in these regions.

Coal mining in the western part of Germany (Saarland and the Ruhr
region) was focused on hard coal extraction through underground
mining. The deindustrialization of these regions began as early as the
1950s, as Germany’s hard coal was no longer competitive on the in-
ternational market. The resulting regional transformations lasted for
several decades and were supported by state financial aid and policies.

While hard coal mining ended in 2018, brown coal extraction is still
ongoing. The majority of brown coal mining sites are located in the
eastern parts of Germany (Lusatia and the Central German coalfields)
and are operated as open-cast mines. Being less technologically com-
plex, this type of mining has had massive effects on the landscape. After
being a major industry in the GDR, coal mining experienced a sharp
decline following German unification. The mono-industrial character of
these regions’ economies made the decline of coal extraction even more
dramatic. Consequently, these regions are still facing a lack of alterna-
tive job opportunities and demographic challenges. The negative expe-
riences of past deindustrialization continue to contribute to regional
communities’ skeptical attitude towards the current coal phase-out and
the state’s attempts to cushion its negative effects.

The energy transition in Germany is often regarded as a showcase
project in both European and transnational contexts for two main rea-
sons. Firstly, because of the Government’s efforts to achieve a coal
phase-out through democratic means, based on a consensual decision by
a special commission that included representatives from politics, the
economy, and civil society groups. This commission also developed
recommendations concerning the timeline and support required for the
successful implementation of the transition. Secondly, due to the allo-
cation of €40 billion in subsidies to mitigate the negative economic and
social effects of the transition [97]. In addition to national funding, coal
regions are also eligible for support through the European Just Transi-
tion Fund.

While national, European, and regional policies clearly promote an
inclusive and democratic transition to a fossil-free society, these pro-
cesses are often complex and controversial at the local level. While some
regional actors have high expectations, anticipating that new technol-
ogies will generate economic growth, new employment opportunities,
and revitalize  post-industrial landscapes, others remain
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skeptical—particularly due to negative past experiences. In the eastern
parts of Germany, for example, local communities often view state-led
projects with distrust, shaped by the severe economic, demographic,
and social dislocation experienced during and after reunification [98].
These experiences include not only the closure of industrial sites but also
the failure of sustainable energy projects such as geothermal and solar
parks, along with unfulfilled promises of prosperity over the past three
decades. Other local groups question the need to replace former indus-
trial sites with new industries, fearing a renewed cycle of mono-
industrial dependency and different forms of environmental pollution
emerging from such energy initiatives as geothermal. They advocate for
more diverse local economies that include non-industrial employment
opportunities. For instance, many small-town municipalities support the
flooding of former coal mine pits to promote tourism and recreational
activities. Converting former mines and industrial sites into museums
and places of remembrance is also appealing, as it aligns with a strong
regional identity rooted in coal and industrial labor. While these alter-
native mine pit reusages may be appealing options for some commu-
nities, they will still need to manage similar environmental impacts as
the pumped hydro or geothermal projects, such as water seepage from a
pit lake developed for recreation.

The implementation of renewable energy technologies is further
questioned in light of ongoing (perceived or actual) economic and social
inequalities between eastern and western Germany [99]. For example,
there is public concern over why eastern regions are expected to host
more wind turbines or to receive toxic waste to fill open pit mine-
s—waste that is imported from western Germany or even from abroad.
While coal-related local communities advocate for the heritagization
and preservation of regional industrial history, environmental groups
seek to protect closed mines and industrial ruins for their newly
emerging ecologies—home to plants, birds, and other wildlife adapting
to the remnants of fossil modernity. These groups also raise concerns
about the resource demands of new industries, including geothermal,
particularly water, pointing to climate-induced and industry water
scarcity in the affected areas. In both eastern and western parts of the
country, activists also oppose the destruction of further settlements and
the privatization of “greenfields” by coal or other private companies.
Instead, they promote new, experimental forms of (collective) owner-
ship, sustainable lifestyles, and social cohesion [100].

4. Way forward and policy implications

In reference to the principles of social and environmental justice, we
critically revealed the complex and intertwining social and environ-
mental risks associated with the development of renewable energy in-
frastructures on closed mines in Australia and Germany. It is essential for
policymakers to acknowledge these risks to ensure that policy formu-
lation and praxis are tailored at mitigating harm in jurisdictions where
these projects take shape. Doing so facilitates responsible energy tran-
sitions, ensuring a just and sustainable approach to renewables that
aligns with the principles of development and sustainability. We
consider applying a transdisciplinary approach from research to policy
translation as key to promoting different forms of justice in the energy
transition. In that regard, we propose the following policy initiatives and
future research directions that have been developed by identifying
general themes from the two case studies:

4.1. Proposed policy initiatives

It is imperative to recognize the wider spectrum of social and envi-
ronmental values held by different stakeholders, including local com-
munities and former mine workers, for mine closure and post-mining
land use. Experts involved in mine reuse or the implementation of new
technologies must be aware of the just transition’s complexities. Public
concerns are grounded in lived experiences and trans-
generational—often also transnational—embodied everyday knowledge
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of climate change and the “slow violence” [24] of past and present in-
dustrial development. Policymakers should recognize the specific logic
of social transformations, their open-ended and partially unpredictable
nature, and remain open to questioning traditional political instruments
of participation and inclusion. It is essential to ask what new forms and
modes of public engagement may be required to foster a post-carbon
democracy.

There is a need to consult with stakeholders to understand their
concerns over new clean energy initiatives. This is a significant mile-
stone in achieving the social license to operate, or public support and
acceptance. Social licenses and public support obtained during mining
cannot be depended upon as the transition to pumped hydro or
geothermal occurs. Social license is an ongoing process contingent on
space and time. We must also be cautious about assuming that a social
license was previously obtained, given the nature of colonial forms of
natural resource extraction that disregarded socio-environmental con-
cerns of local communities. There is a need to delineate the distribution
of renewable energy generation and storage projects and how they are
intersecting with local communities and Indigenous peoples’ lands. We
need to interrogate: What risks are communities exposed to? Can
stakeholder engagement assist in identifying and managing these risks?
Where negative social and environmental impacts occur, what remedi-
ation measures can be implemented?

In all instances where Indigenous peoples are involved - based on the
principles of the UNDRIP [89] and its definition of Indigeneity -
collaborative and participatory renewable energy projects must be
promoted. This requires investments and government supportive policy
frameworks that ensure Indigenous people hold a stake within these new
energy initiatives. Renewable energy policy reforms that consider local
and Indigenous communities’ rights and interests in land upfront — not
as an afterthought - are required in the processes of converting mines
into renewable energy.

Policy reform needs to be centered around better planning that
measures potential environmental impacts such as biodiversity and
biocultural loss, water contamination and depletion, environmental and
noise pollution. Where these impacts occur, there should be remediation
planning looking at how biodiversity and ecosystem impacts can be
protected and restored. Existing planning processes for mining activities
(e.g., the approval of mine water releases to nearby waterways) may
provide a framework for comparable activities related to the develop-
ment and operation of brownfield pumped hydro systems.

Policy discussion should consider the concerns of coal mine workers
and communities. These communities fear deindustrialization and social
decline. This study advocates for a just energy transition that addresses
both the immediate material anxieties and the broader societal impacts
experienced by mine workers and the wider community. Old mine sites
may have ongoing pollution legacies that have to be stabilised. Ensuring
that a site is safe, secure and stable and not producing ongoing envi-
ronmental burdens is a necessary precursor step before considering
whether it can be used for something else. Policies to promote integrated
mine planning or closure and progressive rehabilitation can support
repurposing initiatives.

Policy ought to clearly specify ownership of ongoing rehabilitation
activities to ensure there is accountability for those plans - if land
ownership is transferred to develop a clean energy project, does the
ownership of those other rehabilitation activities transfer as well, or is it
retained by the original mine owner? Developers and energy planners
should consider the economies of scale for pumped hydro from an
environmental perspective too - larger pumped hydro systems are
cheaper per unit of energy storage ($ per kilowatt-hour of capacity), and
also typically require less land and water per unit of energy storage
(hectares per kilowatt-hour and gigalitres per kilowatt-hour). There may
be an environmental benefit associated with building fewer, larger
pumped hydro systems, though this must be balanced against the impact
of specific projects on local communities. For geothermal energy, the
contribution to the municipal heat planning for a low-carbon future and
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the co-benefits through integration with the renewable energy system
are key for success. Communicating the positive impact of geothermal
on other energy system transitions like wind power, solar, and domestic
heat pumps, can increase the social license.

4.2. Proposed future research directions

Constant mapping of abandoned mined sites is required to update
earlier findings by Weber et al. [5] to direct social and environmental
scientists to the specific regions where more scientific research is
imperative. This mapping can be conducted in conjunction with that of
the social and economic characteristics or indicators of the areas to
identify the potential environmental, social and governance (ESG) risks.
Such an all-encompassing assessment of issues is important in promoting
just transitions, particularly cosmopolitan and distributive justice. More
social and environmental assessments drawing from anthropological
methodologies, such as observations and engagement with relevant
stakeholders (including impacted regional communities), significantly
promotes epistemic justice within the energy transition. Anthropolog-
ical methods can be corroborated with environmental modelling and
mapping to provide a nuanced and all-encompassing analysis of social
and environmental impacts.

There is emphasis on the need to include Indigenous people and local
communities in renewable energy research projects from the research
design stage to communication of results. This is to ensure that they can
benefit from the research output. Indigenous people and local commu-
nities can also shape the renewable energy future and maximize benefits
from renewable energy initiatives because they occur on their lands. As
such, research with communities must take a participatory approach in
design. Participatory research promotes research partnerships between
community members and stakeholders, particularly Project Affected
People, with researchers in a process of self-reflective inquiry to
generate new knowledge and drive positive social outcomes [101].
Indigenous and non-Indigenous scholars suggest different ways by
which First Nations people can be included in renewable energy
research projects [102-105]. Interdisciplinary research that systemati-
cally traces these ESG risks over space and time is urgently needed and
has motivated our interdisciplinary team to pursue this topic using
Australia and Germany as case studies. Time and spatial scales are
crucial components on matters of energy and environmental justice
[106-108].
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