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ARTICLE INFO ABSTRACT

Keywords: Renewable energy development can enable climate-compatible growth in low- and middle-income countries,
Resource curse framework particularly given the substantial opportunities for energy export to high-income countries seeking to de-
LMICs carbonise their energy systems. However, this also comes with significant risks, including the potential to
Renewable energy export trigger a resource curse of adverse social, environmental, and economic effects resulting in paradoxically
Decarbonisation

slowed growth. Here, we propose a novel framework to assess potential risks associated with renewable energy
development in low- and middle-income countries rooted in the resource curse literature. Eighteen symptoms
of the resource curse are evaluated in terms of relevance to renewable energy, and their potential risks and
benefits during renewable energy development are established. We find that context-specific factors are key
in determining whether resource developments will provoke adverse impacts or positive opportunities; so,
preemptive context-specific risk assessment is needed to implement prevention and mitigation strategies. For
example, while fossil fuel development has been seen in some circumstances to increase dependence on external
capital and technology, where adequate education and financing strategies are implemented, it can instead
enhance autonomy and development. Similar risks can apply to renewable energy development, and must be
evaluated. The proposed resource curse risk assessment framework can be applied to individual contexts to help
countries, companies, sectors, or projects maximise the positive outcomes of renewable energy development
and avoid a renewable energy resource curse.

Green energy transition

1. Introduction

This paper presents a novel framework to assess the risk of a
renewable energy (RE)-based resource curse in low- and middle-income
countries (LMICs).

As global warming is driven ever higher by CO, emissions [1],
RE development is increasingly critical to decarbonising the global
energy supply. This transition towards RE-based generation, though
often treated as a technological problem, is rife with social and geopo-
litical complexities [2]. Many cramped high-income countries (HICs)
with high energy consumption may not be able to generate enough RE
internally to meet their needs, given the scale of generation needed to
produce reliable electricity from variable solar and wind resources [3].
Regional electricity trade is a common way to address internal short-
ages [4], with transnational RE initiatives such as the Gulf Cooperation
Council India interconnector [5], the Australia-Asia Powerlink [6], the
Asian RE Hub [7], Gobitec [8], Desertec [9], and the RUSTEC Russia—
Europe interconnection concept [10] gaining growing attention. HICs
are increasingly likely to import RE from LMICs, where RE resources
(e.g. solar) tend to be more abundant [11] and infrastructure construc-
tion costs are lower. This can create opportunities for growth and job
creation [12] in LMICs, while helping them avoid the CO, emissions
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which typically accompany economic growth and industrialisation [13]
and reducing energy poverty [14]. However, it could also provoke
a resource curse: the phenomenon of seemingly paradoxical slowed
growth [15] and negative social, environmental or economic conse-
quences in resource-abundant countries. While the resource curse is
traditionally prompted by non-renewable subsoil resources (e.g. oil,
minerals), and the RE transition could reduce existing resource curse
symptoms in countries that are already large oil and gas producers [16],
it could engender resource curse risk in RE-dominant countries. This
should be assessed early in the RE transition to prevent or mitigate
potential negative effects.

Understanding RE-relevant resource curse risks is particularly im-
portant in LMICs, which are hampered by low institutional quality [17]
and are under-regulated, increasing their risk of exploitation and social,
economic and environmental harms. We therefore focus on LMICs
in this paper, given their combination of institutional and regulatory
weakness combined with financial, technological and resource depen-
dence on HICs which makes them more vulnerable to many risks as RE
is developed for export.

Framing RE transition risks in terms of a resource curse is rather
academically novel, with research only beginning to flourish in this
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field. Evidence or arguments for the likelihood of an RE-based resource
curse have been proposed for hydropower [18], metal and metalloid
mining used in RE production [19], wind developments (particularly
with relation to crime) [20], and RE-driven land-use conflict [21].
While these early studies are interesting, a holistic assessment frame-
work of the potential risks and impacts of an RE-based resource curse
in the context of LMICs does not exist. Here, we seek to bridge this gap
and propose a framework to assess the risks of negative resource curse
impacts (or “symptoms”) for RE development in LMICs, which can be
used to develop context-specific risk mitigation policies. We explore the
literature on the resource curse and analyse its relevance to RE (Sec-
tion 2), develop a resource curse symptom framework (Section 3), and
discuss how this can be applied in risk assessment, illustrated through a
hypothetical case study (Section 4) before offering concluding thoughts
(Section 5).

2. The resource curse and renewable energy

The resource curse, coined by Auty [22] and developed by Sachs
and Warner [23], occurs when “countries with great natural resource
wealth tend nevertheless to grow more slowly than resource-poor
countries” [15]. It presents as an “inverse association between nat-
ural resource dependence and economic growth” [24]. This concept
has been observed in the literature since the 1980s, with interest
increasing over time [ibid]. A multitude of variations on this defi-
nition exist in the literature; some pinpoint resource abundance as
the curse trigger, while others claim it is caused by high resource
usage, economic dependence, or extraction for export. Additionally,
the definitions may include or be limited to a number of negative
symptoms, including rent-seeking, overconfidence, and neglect of edu-
cation [25]; poor investment and savings [26]; slow economic growth,
political instability, autocracy, corruption, crime, conflict, and gender
inequality [27], among others. Here we adopt a broad definition of
the resource curse following Sachs [23]: the observation that countries
with greater resources develop more slowly than their resource poor
counterparts.

A number of economic and political similarities between RE and
subsoil resources point to the potential for a RE-based resource curse.
Resource curses arising from subsoil resources are well-evidenced, with
examples including the Gulf of Guinea [28], Angola and Venezuela [29],
and Nigeria [30,31]. Perhaps the most well-known historic example is
the “Dutch disease”, the natural gas boom and subsequent appreciation
of exchange rate in the 1960s which had a negative effect on the
Dutch manufacturing sector [32]. As we transition from subsoil to
RE dominance, there is a potential for RE-based resource curses to
develop. This is not to say that subsoil resources and RE are the same;
subsoil resources are undoubtedly in many ways different from RE.
Vakulchuk et al. [33] highlight similarities and differences between RE
and hydrocarbons, and their implications on geopolitics, which include
differences in resource scarcity, importance of location, control of
resources, geopolitical power, international competition, international
interdependence, security of supply, geopolitical tensions, conflict type,
critical materials, cybersecurity, and key market aspects. That said,
both RE and subsoil resource involve complex developments and rely
on the state to manage financial flows around assets to produce
an energy commodity which can be sold domestically or exported.
Eisgruber [34] highlights that while RE export avoids certain oil-
related symptoms (i.e. shocks after resource depletion, macroeconomic
fluctuations, competition for a fixed amount of resources) it bears the
same risks of crowding-out the manufacturing sector, incentives for
corruption, and reduced government accountability.

As already evident, the literature is divided on the likelihood of the
RE-based resource curse. There is scepticism [16] amongst researchers
who laud RE as an antidote to existing resource curses [35] or who see
the risks as uncertain and overstated [36]. The environmental benefits
and spatially distributed nature of RE compared to subsoil resources
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support this argument. However, other researchers see the RE-based
resource curse as a credible threat. A recent study which investigated
a resource curse related to hydroelectric projects argued “that many
of the same causal mechanisms used for fossil fuels apply equally well
to hydropower” [18, p. 627]. It has also been argued that a resource
curse is likely to occur based on metal and metalloid mining for RE
production in countries with weak governance [19], though this is also
subject to scepticism, given the relatively high prevalence (if in dilute
concentrations) and the recyclable nature of many rare earth elements
and critical materials [36]. Previous work has highlighted that while
RE may have low potential to provoke international conflict, it may
provoke local resource curse symptoms in conflict over land use [21]
and increased crime (e.g. related to wind RE development in [20]).

Despite the uncertainty around whether and how RE development
could prompt a resource curse, it is crucial to assess these risks at
the beginning of the RE transition in LMICs before any negative curse
impacts take stubborn hold. Therefore, we next study the components
that may constitute a RE-based resource curse in detail.

3. RE relevance of resource curse symptoms

While there are numerous similarities between RE and subsoil re-
sources in the context of the resource curse, there are simultaneously
critical differences, especially in the broader context of geopolitics.
Thus, we cannot simply view RE through the same lens as subsoil
resources such as hydrocarbons and apply the existing resource curse
literature directly. We instead dissect the resource curse into its con-
stituent parts or “symptoms" and assess whether these could apply to
RE, as indeed some symptoms may be applicable to subsoil resources
but not RE, and vice versa. Below, we therefore summarise eighteen
resource curse symptoms identified through a rigorous review of the
existing literature, analyse their potential to intersect with RE devel-
opment, and justify these potential interactions. These symptoms are
listed alphabetically, and their risks are summarised in Table 1. An
extended literature review synthesis table is presented in the Appendix.

Crime: Resource-abundant areas tend to experience increased crime,
particularly in boom-towns (e.g. rural towns with many unattached
young men working in resources who have new money). In the US,
natural gas boom-towns have suffered increased violent crime, primar-
ily aggravated and sexual assaults [37]. Similar crime increases were
seen in “The Patch” in North Dakota [38] and the Canadian boom-town
of Fort McMurray [39]. While much of the literature on this symptom
refers to petroleum in North America, the same principles could apply
to RE boom-towns in LMICs. Theft of expensive RE equipment (e.g. PV,
inverters, batteries) already occurs [40,41], and could increase. Many
RE farms will be built in remote areas with lower income levels,
heightening this risk.

Damage to local flora, fauna, and landscape: Resource extraction
can harm the environment while adding pressure on scarce natu-
ral resources (e.g. water [42]). Examples include deforestation [43],
fracking [44], oil spills [45], and mining-related environmental degra-
dation [46]. The development of RE infrastructure can cause envi-
ronmental degradation [47], habitat loss [48], and animal fatalities
(e.g. bats and wind farms [49]). Additionally, metal production in the
RE supply chain creates “new mining threats for biodiversity” [50,
p. 61. RE projects also add strain to water resources (e.g. hydropower,
PV washing, green hydrogen production). That said, RE can also be
used for environmental benefit (e.g. wastewater treatment [51]) and RE
consumption is generally positively linked to forest area [52]. While RE
development carries a small localised environmental risk, which can be
minimised through policies and other mitigation strategies if identified,
the threats from fossil fuels and climate change generally outweigh said
localised risks.

Diversion of investments away from human capital: Resource abun-
dant countries may see little need to invest in human capital given the
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Table 1

Energy Strategy Reviews 41 (2022) 100841

Summary resource curse symptoms and their possible RE-relevant negative risks.

Resource curse symptom

RE-related negative risks

Crime Boom-town crime, equipment theft.

Damage to local flora, fauna, and landscape
Diversion of investments away from human capital
Diversion of land

Diversion of talent from other sectors

Economic dependence

Expatriates dominating high-income/skilled jobs
External conflict

Gender inequality

Income inequality

Income volatility and trade imbalance

Internal conflict

Land grabs

Loss of competitiveness of other export sectors
Material dependence

Reduced economic diversity

Technological or expertise dependence
Weakening of institutions

Habitat damage, strain on scarce resources (e.g. water).

Under-skilled workforce, poor economic diversity, low education.

Food insecurity

Internal brain-drain.

Dependence, influence, investment does not benefit population.
Income inequality.

Withholding RE as geopolitical weapon, hard to sanction RE exporters.
Women discouraged from entering industrial RE work.

Disparity between RE owners and waged workers.

Abrupt cuts to social programmes, exploitation.

Land conflicts, political and civil unrest.

Rural land grabs for RE farms, displacement of poor inhabitants.
Exports more expensive, imports cheaper, local industry displaced.
Extortion, difficult to sanction provider country.

Low-diversity economy post-boom.

Extortion, reduced autonomy, local content policies exacerbate other symptoms.
Reduced investment, lowered democracy.

high benefit of their resources. This can manifest in the under-funding
of public services and education. An inverse relationship between
resource dependence and education spending [53] can lead to reduced
educational attainment, especially where the resource is booming [54].
This creates an under-skilled workforce, a low-diversity economy, and
lower GDP post-resource boom. A similar boom in RE could provoke
under-investment in social programmes and education. While increased
human capital development is actually a trigger for increased internal
RE consumption [55], this link cannot be assumed for RE developed in
LMICs for export.

Diversion of land: The diversion of agricultural land away from grow-
ing crops to extracting more profitable resources can induce food
insecurity [56] as less food is produced. This has recently been observed
with regards to bio-energy production [57] and may also hold true for
RE. If RE is more profitable than agriculture to landowners, large-scale
wind or PV could be built on agricultural land, making it unusable for
crop production.

Diversion of talent from other sectors: Resource jobs in boom indus-
tries are frequently better paid than jobs in other sectors. For instance,
oil and gas construction and extraction workers in the US receive
double the national median hourly wage [58,59]. While RE cannot
match this yet, the gap is widening, with hourly wages about 25%
higher than the national median [60] and more equitable pay [61].
This could incentivise workers to join the RE sector, draining other
industries of skilled staff, creating internal “brain-drain” within other
sectors in LMICs.

Economic dependence: Substantial capital is required to construct
infrastructure and purchase equipment for large-scale resource extrac-
tion. This may need to be borrowed from other countries or inter-
national organisations, creating economic dependence [62,63]. Many
LMICs are already dependent on multi- or bi-lateral loans, and RE
development may increase this dependence, as large-scale projects
(e.g. concentrated solar power, hydrogen electrolysers) can require
up to billions of euros in investment. Additionally, capital borrowed
to purchase RE technologies may not benefit the local population
(e.g. through job creation) if they cannot be manufactured in-country.
Promoting local content could mitigate these symptoms, but such poli-
cies have had mixed results in oil and gas [64].

Expatriates dominating high-income/skilled jobs: Resource devel-
opment requires specialised skills. If training is unavailable in-country,
expatriates may dominate the job market for technical and specialised
roles. This exacerbates income inequality as locals do not benefit from
resource jobs. For instance, research in Ghana found that: “large-
scale extractive industries [...] create few jobs for youth, and, as

a result, drive individuals to pursue employment in informal sec-
tor activities” [65]. RE developments require long-term infrastructure
maintenance and generate more local jobs requiring specialised skills
than oil or gas have done [36], and relevant training may not be
available in many LMICs. This could lead to expatriates dominating
these high-paying jobs.

External conflict: External conflict can arise over control of resources
or land and the distribution of their benefits. Existing conflict can be
fuelled or exacerbated by resource revenues, or used to increase these
revenues (e.g. mining to produce weapons). Common examples are
the petro-competition and -aggression [66] prevalent in revolutionary
petro-states [67]. Similar conditions have occurred in areas with high-
value wildlife [68]. Conflict could arise over the control of valuable
land with high RE potential. RE could also be sanctioned or withheld
as a geopolitical weapon; though, this is debatable, as RE trade is likely
to be bi-directional, based more on balancing than dependence [16],
and such “prosumer” activity is suggested to minimise tensions [69].
Furthermore, energy trade has also been shown to have a pacifying
effect, rendering the importer more docile [70]. Flipping this around,
however, it could be difficult for countries dependent on RE imports to
discourage aggression from RE exporters.

Gender inequality: Resource-abundant countries experience higher
levels of gender inequality. Decreased participation of women in the
non-agricultural workforce (e.g. few women tend to work in the oil sec-
tor) results in higher fertility, lower education rates, and less influence
for women and girls in both family and political or legislative spheres.
While various programmes exist in LMICs to bring women into RE sales
(e.g. Solar Sister), policy and the design and implementation of energy
projects (e.g. ECOWAS Programme on Gender Mainstreaming in Energy
Access in West Africa region) [71], for large-scale RE developments
requiring more heavy physical labour and high engineering expertise
and less sales and installation, women may be less welcomed into the
workforce.

Income inequality: Resource abundance can increase the wealth of
resource owners (i.e. rent seekers) with minimal consideration for the
productivity and wages of workers, increasing income inequality. Such
inequality is prominent in ethnically divided societies and possibly
inverted in ethnically homogeneous societies [72]. In Iran, the trend
between oil revenues and income inequality follows a U-shape, where
both low and high oil revenues beyond a threshold lead to increased
income inequality [73]. In RE, those with the land or capital needed
to own generation could profit while waged workers are left behind.
Governments might divert funds towards subsidies for RE owners, while
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those who work for wages may not directly benefit. This is particularly
concerning in LMICs with high existing poverty levels.

Income volatility and trade imbalance: Natural resource prices can
fluctuate, creating volatility in government revenues, which can in turn
create abrupt cuts to social programmes or breaking of promises. RE
revenue depends on the price of electricity. The energy sector is highly
volatile — indeed, it was the most volatile sector in the 2010s [74]
- so national economies relying on energy-based income are more
susceptible to fluctuations. As RE has zero marginal costs, there is a
risk of exploitation and revenue volatility depending on the market
structure/power purchase agreements.

Internal conflict: This is similar to external conflict, but within one
country (e.g. civil war, political conflict). Examples include the com-
plex relationship between mining and internal conflict in the Philip-
pines [75], the increase of civil conflict in rural Colombian coca-
harvesting areas following an upswing in coca prices [76], and local
political conflicts in Peru exacerbated by a commodity price boom
affecting the mining industry [77]. Conflicts could arise over land
valuable for RE development and RE revenues could exacerbate existing
civil or political conflicts in LMICs.

Land grabs: Land can be “grabbed”, particularly from poor and rural
citizens, to enable resource development. This is one of many drivers of
land grabs, which also include tourist developments, urban extensions,
and land purchases by migrants [78]. Poor and rural citizens can be
dispossessed or unfairly compensated due to information asymmetry,
monopolistic power, or threat of violence. This is especially prevalent
in LMICs with poor governance and enforcement of human rights.
This was observed in oil extraction in Uganda, where the poor were
initially presented with a “bad deal”, and those unwilling to accept
were later forced to accept a “no deal” option [79]. RE developments
require land and are often developed in rural low-income areas where
land is plentiful and cheap, making residents susceptible to unfair land
agreements.

Loss of competitiveness of other export sectors: As one resource
sharply increases in export price, other sectors may suffer unintended
negative side effects [80]. This effect, known as the “Dutch disease”,
arises when sharp increase in exports of one sector leads to exchange
rate appreciation [81]. This causes the export of products from other
sectors (i.e. local products sold overseas) become more expensive, and
imports to become cheaper. So, local industry becomes replaced by
imports as it is neither competitive locally nor overseas. There is the
possibility for a sharp increase in RE exports to provoke the Dutch
disease in LMICs, decimating local industries.

Material dependence: Extracting any resource require material inputs
(i.e. extraction equipment). In RE, this is particularly relevant to the
mining of metals, minerals, and other critical materials for solar photo-
voltaics and batteries (e.g. for electric vehicles) [82]. If the production
of these materials is dominated by particular countries, dependence
can result. For instance, China currently produces 44% of primary
metals globally, and is the dominant supplier of 34 metals [83]; this
market dominance could engender out-sized dependence and influence.
Competition between the United States and China over certain minerals
is likely [84], which could exacerbate geopolitical tensions. There is
also the consideration of scarcity: while some metal deposits are not
yet nearing exhaustion, others are demonstrating their finite nature.
About half of all copper deposits, for instance, are already in use or in
landfill [85]. As materials are increasingly mined for RE production,
they will become both more in demand and more scarce. While stud-
ies suggest that current metal reserves are adequate to accommodate
future renewable generation needs, certain technology types may be
limited, and increased demand for lithium is highlighted as a key
challenge [86].

Reduced economic diversity: The limited economic links between
sectors traditionally susceptible to the resource curse (e.g. oil) and
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other industries make national economies disproportionately depen-
dent on revenues from these sectors, limiting economic diversifica-
tion [87,88]. In LMICs, a focus on the RE sector could be at the expense
of other sectors, especially if there are limited connections between
RE and other industries. However, other industries also rely on RE for
the electricity they need to grow. So, depending on the situation, RE
development could empower the development of other industries and
diversify the economy, or detract from them.

Technology or expertise dependence: Importing resource extraction
technology and staff can create dependence on foreign equipment
suppliers and labour. This can jeopardise political autonomy or risk
extortion, as observed for fossil fuels and minerals [89]. As RE tech-
nologies advance, up-to-date expertise is required for research, manu-
facturing, installation, and maintenance. Meanwhile, governments are
incentivised to import equipment and labour to maximise RE rents.
While “local content” policies (i.e. promoting the use of local labour
and locally-produced equipment) can help to mitigate this, they may
exacerbate other resource curse symptoms, (e.g. they may weaken
institutions through patronage or increase income inequality through
rent-seeking) [90].

Weakening of institutions: Resource-abundant countries tend to expe-
rience lower levels of democracy and higher likelihood of authoritarian
government. High wealth from subsoil resources can allow for, and
encourage, low taxes, which weakens the people’s relationship with
governments. This creates a “self-sustaining dynamic” of low account-
ability, elite appropriation of resources, and continued repression [91].
Oil prices, and particularly price shocks, have been found to be tied to
democracy levels [92]. This has been observed in the context of low
democracy in oil-fuelled states, particularly in the Middle East [93].
The relationship may however flow in both directions; it has been
found that in developing and middle-high income economies, if there
are weak institutions, then oil is not growth enhancing [94]. However,
“geology need not be destiny” [93] for institutions or democracy, nor
institutional quality a death sentence if rigorous structures can be put
in place to manage RE resources. Given that political and institutional
instability decreases rates of private RE investment [95], such a focus
on regulatory stability can also mitigate the concerns of RE investors
and encourage investments [96]. It is uncertain whether RE revenue
could potentially render a government sufficiently wealthy to disregard
the will of its people or reject democracy.

4. Context-informed risk assessment

While each of these symptoms could be relevant to large-scale
RE development, their likelihood and impact is context-dependent
(e.g. to a country, sector, or specific project). This generic framework
of symptoms and potential associated risks is therefore intended to
be applied to individual context-informed risk assessments. These can
help countries, companies, sectors, or projects maximise the positive
outcomes of RE development and avoid negative impacts. Such a risk
assessment requires context-specific data collection as there is limited
historical data available concerning RE-based resource curse symptoms,
due to the fact that RE is only recently becoming a significant part of
many countries’ energy economies.

4.1. Contextual case studies

The use of this framework can be illustrated through a hypothetical
case. Let us consider a project-specific risk assessment for the construc-
tion of a large-scale solar photovoltaic farm for both consumption and
export on the outskirts of Laayoune: depending on one’s viewpoint,
Laayoune is either in Western Sahara or Southern Morocco. This is
a plausible example, given the area’s high solar and wind potential,
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existing RE developments, and electrical interconnections within North
Africa and Europe.

To assess the potential of negative resource curse risks in this
project, literature and policy could first be reviewed to determine the
contextual relevance of each symptom. For instance, the reviewer may
note that, given the large swathes of deserted land in this region, land
diversion away from farm use may be minimally impactful. Meanwhile,
after investigating the literature on internal conflict in the region,
they may highlight internal conflict as a symptom worthy of particular
investigation.

Subsequently, data must be collected to assess these symptoms in
the context. Given the lack of empirical data often available, a useful
source can be expert surveys or interviews with relevant energy system
stakeholders across public, private, academic, civil society, political,
and financial sectors. These stakeholders can be asked to quantitatively
rank the likelihood and magnitude of potential negative impacts related
to these symptoms from the solar project and to qualitatively justify
their rankings. Such information can be used to generate a quantitative
context-specific resource curse risk matrix for the project. Results can
be applied in tandem with geopolitical risk indices such as the GeGaLo
index [97] to craft policies which prevent negative risks, and can be
used in project design to avoid choices which exacerbate risks.

For a more detailed example application of this framework, an
assessment of the risk of a resource curse driven by RE in Morocco
informed by expert surveys and interviews is provided in [98].

4.2. Policy implications

With an understanding of resource curse symptoms and risks related
to RE in a specific context, policies can be designed to prevent or
mitigate negative consequences. As shown in the proposed framework,
incautious RE developments could replicate the failures of fossil fuels
by reducing economic diversity, degrading the local environment and
fostering an over-reliance on other countries for capital and technology.
Meanwhile, strategic RE development that adequately develops legisla-
tive, industrial, educational and financing policies on the other hand
can turn these risks into co-benefits such as job creation, environmental
protection and energy independence.

Risk assessment using this framework can help to identify RE-
supportive policies and regulations which symbiotically strengthen in-
stitutions and prevent resource curse harms. As LMICs tend to have
weak states (e.g. see [99]), and resource development requires “well-
intentioned, far-sighted, and highly capable” governments to appro-
priately invest and use resource revenue to ensure sustainable eco-
nomic growth [100], combating institutional weakness is a key ele-
ment to both encouraging RE development and preventing a resource
curse in LMICs. Indeed, in the context of a weak institutional en-
vironment, states are less likely to attract investment in RE [101,
102] and a resource curse is more likely to occur [103]. By assessing
the risks of RE development and proactively implementing rigorous
preventative policies, resource curse risk can be reduced while in-
stitutions are strengthened and investment is attracted, a proactive
two-birds-one-stone outcome.

4.3. Framework limitations

This work drew on the literature available on non-renewable re-
sources, such as oil and minerals, in framework development. Substan-
tial research has been done to quantify the effect of a subsoil-based
resource curse, fitting historical data to empirical models using tools
such as regression analysis. While this helps us to derive a theoretical
framework and baseline, subsoil resource development data in specific
contexts cannot translate directly to RE development in those contexts.
So, future work could strengthen this framework using RE-specific
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empirical data, stemming from countries with a high RE penetration,
so that explanatory models evidencing this RE-based resource curse
phenomenon can be developed.

5. Conclusions

In this paper, a framework has been proposed to assess the potential
symptoms of a resource curse prompted by RE development in low- and
middle-income countries (LMICs). While the emerging literature on the
subject largely focuses on individual examples of negative impacts of
RE development (which we refer to as symptoms), we provide a novel
holistic risk assessment framework identifying RE-relevance and risks
across resource curse symptoms. Eighteen possible symptoms have been
analysed in terms of pertinence to RE development. It is suggested to
use these symptoms as a framework for risk assessment in LMICs, to
help practitioners identify potential risks relevant to RE in their own
countries, sectors, or projects. Subsequently, risks can be mitigated
through appropriate policy interventions which maximise the positive
social, environmental, and economic outcomes of RE development.

Assessing RE-based resource curse risks before they materialise pro-
vides the exciting opportunity to “nip them in the bud”. Policy makers
can identify the most important resource curse risks in their country’s
context, and implement strategies to mitigate them before they ever
occur. Little data currently exists to understand a RE-based resource
curse; future research needs to gather more data to apply standard
regression analysis approaches to this. Furthermore, to best design risk
mitigation strategies, predictive models would be required rather than
retroactive explanatory models traditionally used. This is an exciting
area for future work. Additionally, the resource curse has many inter-
dependent and often bi-directional cause-effect relationships. Thus,
future research should use the knowledge acquired from regression
analysis of past resource curses to model potential interactions in
future RE contexts as components of a complex system which accounts
for these interactions. With this work, we propose a first iteration
of a framework identifying which resource curse symptoms may be
provoked by RE, opening an interesting discussion and inviting future
work and developments.
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Synthesis of the resource curse symptoms, their possible RE-relevant negative risks, and the factors impacting their likelihood and severity.

Resource curse symptom

RE-related negative risks

Factors impacting likelihood and severity

Crime

Boom-town crime,
equipment theft

Increase in crime is common in resource-abundant areas, particularly in boom-towns [37-39].
Likelihood and severity will increase in regions with high levels of poverty and inequality,
particularly if there are preexisting networks of unattached young men already involved in a cycle of
conflict and illicit economies [104].

Damage to local flora, fauna,
and landscape

Habitat damage, strain on
scarce resources (e.g. water)

The likelihood of environmental impacts due to energy is high, as all infrastructure projects extract
resources and have an environmental footprint. The development of RE infrastructure and its
associated supply chains can thus cause environmental degradation [47], habitat loss [48], animal
fatalities [49]) and threats for biodiversity [50, p. 6]. But the threats from the fossil fuels otherwise
used and subsequent climate change generally outweigh said localised risks, and RE can also be used
for environmental benefits [51,52]. The severity of the impacts is highly dependent on the regulations
and policies implemented to limit negative impacts and promote environmental benefits.

Diversion of investments
away from human capital

Under-skilled workforce,
poor economic diversity, low
education

While this symptom has been documented in the context of fossil fuels [53,54] where wealth from
underground resources can be obtained without needing to invest in social capital, we expect that
investment in skill-building will be seen as a prerequisite for large-scale RE development, and as such
that ambitious RE goals will promote investment in education. This is to be verified through
experimental data in LMICs.

Diversion of land

Food insecurity

The likelihood of this resource curse is highly context-dependent, conditioned on land availability, the
amount of overlap between lands useable for RE production and for food production, and the
comparative income obtainable from each activity. The severity could be severe if food prices are
impacted, however most RE is not produced on arable land.

Diversion of talent from
other sectors

Internal brain-drain

For LMICs with high unemployment levels, hires in the RE sector are not expected to come at the
expense of other industries. However, depending on the education levels of each country, RE
industries may need to provide skill training in case there is a shortage of skilled workers at the
national level and that hiring such workers directly would cause internal brain-drain.

Economic dependence

Dependence, influence,
investment does not benefit
the population

The economic dependence of LMICs seeking to scale up RE production on external investors will
depend on the barrier to entry for local investors, both economic and regulatory. Thankfully, many
forms of RE are modular and initial investments can be low relative to fossil fuel-based energy
infrastructure. For large-scale resource extraction infrastructure with substantial capital investment
required, loans may need to be taken up from other countries or international organisations, creating
or exacerbating economic dependence [62,63]. Depending on how these loans are negotiated in terms
of ensuring positive impacts for local populations and growth, this could have a large resource curse
impact. Policy design to mitigate this issue should be a focus, as previous policies have had mixed
results in oil and gas [64].

Expatriates dominating
high-income/skilled jobs

Income inequality

The two main factors conditioning the materialisation of this symptoms are the level of skills required
for high-income jobs, and the availability of these skills in the country. If training is unavailable
in-country, expatriates may dominate the job market for technical and specialised roles. This
exacerbates income inequality as locals do not benefit from resource jobs. RE development could
provide significant economic opportunities for local populations as they require long-term
infrastructure maintenance and generate more local jobs requiring specialised skills than oil or gas
have done [36]. However the relevant training may not be available in many LMICs.

External conflict

Withholding RE as
geopolitical weapon, hard to
sanction RE exporters

External conflict can arise over control of resources or land and the distribution of their benefits. As
presented in [105], “[t]he rapacity (sometimes called “state prize”) effect refers to the idea that
valuable economic resources can provide an incentive to fight over their control.” The higher the
value of resources that can be easily appropriated through fighting, such as minerals and oil, the
greater is the incentive to fight over them. Though the fuelling of conflict in the context of oil
extraction has thus been well documented [66,67], access to RE resources is more evenly distributed,
and the related infrastructure assets and high-potential land are less easily appropriated. RE could
also be sanctioned or withheld as a geopolitical weapon; though, this is debatable, as RE trade is
likely to be bi-directional, based more on balancing than dependence [16], and such prosumer
activity is suggested to minimise tensions [69]. Furthermore, energy trade has also been shown to
have a pacifying effect, rendering the importer more docile [70]. Trade with neighbours was shown
to reduce the duration and the intensity of conflict, to encourage the reallocation of resources to
more efficient activities, and thus to open up opportunities and creates jobs. Factors that can impact
the likelihood and severity of conflict are the changes in relative prices as a result of trade, the
volatility of trade flows, existing historic grievances, the state’s institutional capacity and the form of
political arrangements, conditions in neighbouring countries, for example the level of violence, that
might encourage or discourage conflict in the country of interest, and policies that affect the
transmission of changes in international commodity prices to the domestic market [105].

Gender inequality

Women discouraged from
entering industrial RE work

The factors impacting the share of women entering the RE industry include cultural norms, economic
context, the amount of unpaid care work performed by women, and its compatibility with market
work. The gap between the likelihood of studying STEM subjects like engineering, manufacturing, and
construction between women and men is lower in LMICs than in HICs, which can reduce the risk of
women being shut out of the industry in LMICs [106]. However, the female-to-male ratio of time
devoted to unpaid care activities is higher in LMICs then in HICs [107]. While it is hoped that the
professional and economic opportunities provided by large-scale RE development could benefit
women, this risk remains to be assessed with experimental data.

(continued on next page)
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Resource curse symptom

RE-related negative risks

Factors impacting likelihood and severity

Income inequality

Disparity between RE
owners and waged workers

Income inequality is prominent in ethnically divided societies and possibly inverted in ethnically
homogeneous societies [72]. Resource abundance can increase the wealth of resource owners (i.e. rent
seekers) with minimal consideration for the productivity and wages of workers, increasing income
inequality. This is particularly concerning in LMICs with high existing poverty levels. While those
with the land or capital needed to extract fossil fuel and own generation infrastructure could profit
while waged workers were left behind, the distributed nature of the wind and sun resources means
that fairer competition can exist, where workers dissatisfied with their income can find other
opportunities to gain wealth from the RE resources. Maintaining low barrier to entry to the RE sector
and ensuring that government RE subsidies benefit both the owners and the wage-earners will be key
factors in determining the likelihood and severity of this symptom.

Income volatility and trade
imbalance

Abrupt cuts to social
programmes, exploitation

Natural resource prices can fluctuate, especially given the natural variability of solar and wind
resources. The energy sector was the most volatile sector in the 2010s [74], so national economies
relying on energy-based income are more susceptible to fluctuations. However, for LMICs, deriving
revenues from RE resources may be part of an economical diversification strategy and help promote a
more balanced overall national portfolio, for economies that are currently highly dependent on one or
few concentrated resources or industries. As RE has zero marginal costs, there is a risk of exploitation
and revenue volatility depending on the market structure/power purchase agreements, but no LMIC
has yet reached such levels of RE exports that there would be a risk of the national revenues being
disproportionately dependent on these incomes. This is however a risk that can be relevant in the
future, as demonstrated in the UK where wind availability is a key factor in alleviating or aggravating
the current energy crisis [108].

Internal conflict

Land conflicts, political and
civil unrest

Factors that will determine the likelihood and severity of this symptom include existing civil or
political conflicts in LMICs, inequalities, location of the RE resources to be extracted (e.g. if causing
disturbances to independent cultural communities, particularly if they may not benefit economically
from the extraction of the RE resources). Conflicts could arise over land valuable for RE development
and RE revenues could exacerbate perceived inequalities. Both the approach taken by private
companies with regards to their impacts on local communities and public policies towards promoting
fairness will be key.

Land grabs

Rural land grabs for RE
farms, displacement of poor
inhabitants

Poor and rural citizens can be dispossessed or unfairly compensated due to information asymmetry,
monopolistic power, or threat of violence. This is especially prevalent in LMICs with poor governance
and enforcement of human rights [79]. RE developments require land and are often developed in
rural low-income areas where land is plentiful and cheap, making residents susceptible to unfair land
agreements. Key factors determining the severity and likelihood of this symptom are therefore both
the amount overlap between RE resource-rich areas and community-inhabited lands, and
governmental citizen protection laws.

Loss of competitiveness of
other export sectors

Exports more expensive,
imports cheaper, local
industry displaced

While this symptom can be severe, as exemplified by the Dutch disease [81], the current scale of RE
industries in LMICs does not pose immediate risks of exchange rate appreciation. At this stage of
development, increase in exports would be desirable, though this risk of threat to local industries in
LMICs could become relevant in the future.

Material dependence

Extortion, difficult to
sanction providing country

RE development depends on the mining of metals, minerals, and other critical materials for solar
photovoltaics and batteries (e.g. for electric vehicles) [82]. There is therefore a high likelihood that
countries will be dependent on a few concentrated mining areas for material imports. For instance,
China currently produces 44% of primary metals globally, and is the dominant supplier of 34

metals [83]; this market dominance could engender out-sized dependence and influence. Competition
between the United States and China over certain minerals is likely [84], which could exacerbate
geopolitical tensions. There is also the consideration of scarcity: while some metal deposits are not
yet nearing exhaustion, others are demonstrating their finite nature. About half of all copper deposits,
for instance, are already in use or in landfill [85]. As materials are increasingly mined for RE
production, they will become both more in demand and more scarce. While studies suggest that
current metal reserves are adequate to accommodate future renewable generation needs, certain
technology types may be limited, and increased demand for lithium is highlighted as a key
challenge [86]. Technological advances reducing the dependence on few rare metals

(e.g. cobalt [109] could reduce the likelihood and severity of this risk.

Reduced economic diversity

Low-diversity economy
post-boom

In LMICs, a focus on the RE sector could be at the expense of other sectors, especially if there are
limited connections between RE and other industries. However, other industries also rely on RE for
the electricity they need to grow. So, depending on the situation, RE development could empower the
development of other industries and diversify the economy, or detract from them. While in a
hypothetical future, an economy over-reliant on RE with low diversity would weaken other industries,
LMICs are still far from that stage, and the development of RE could promote economic diversity.

Technological or expertise
dependence

Extortion, reduced
autonomy, local content
policies exacerbate other
symptoms

Importing resource extraction technology and staff can create dependence on foreign equipment
suppliers and labour, as observed for fossil fuels and minerals [89]. As RE technologies advance,
up-to-date expertise is required for research, manufacturing, installation, and maintenance.
Meanwhile, governments are incentivised to import equipment and labour to maximise RE rents.
While local content policies (i.e. promoting the use of local labour and locally-produced equipment)
can help to mitigate this, they may exacerbate other resource curse symptoms, (e.g. they may weaken
institutions through patronage or increase income inequality through rent-seeking) [90].

(continued on next page)
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Resource curse symptom

RE-related negative risks

Factors impacting likelihood and severity

Weakening of institutions

Reduced investment,
lowered democracy

Resource-abundant countries tend to experience lower levels of democracy and higher likelihood of
authoritarian government. However, “geology need not be destiny” [93] for institutions or

democracy, nor institutional quality a death sentence if rigorous structures can be put in place to
manage RE resources. Given that political and institutional instability decreases rates of private RE
investment [95], such a focus on regulatory stability can also mitigate the concerns of RE investors
and encourage investments [96]. It is uncertain whether RE revenue could potentially render a
government sufficiently wealthy to disregard the will of its people or reject democracy.
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