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A B S T R A C T

This article seeks to nip in the bud four emerging myths about the geopolitics of the rise of renewable energy and the concomitant increase in electricity usage. The
article presents alternative perspectives, arguing that (1) the risk of geopolitical competition over critical materials for renewable energy is limited; (2) the resource
curse as we know it from the petroleum sector will not necessarily reappear in many countries in connection with renewable energy; (3) transboundary electricity
cut-offs will mostly be unsuitable as a geopolitical weapon; and (4) it is not clear that growing use of renewable energy will exacerbate cyber-security risks. In all four
areas, the evolving literature could place more emphasis on uncertainty and risks and less on one-sided scenarios and maximization of threats.

1. Introduction

The founding fathers of the study of geopolitics conceived of it as a
deterministic causal relationship between geography and international
affairs, focused on the permanent rivalry, territorial expansion and
military strategies of imperial powers [1]. With time, “geopolitics”
came to denote the influence of geography on the power of states and
international affairs more broadly, with less emphasis on determinism
and more on the strategic importance of natural resources, their loca-
tion, transportation routes, and chokepoints.

During World War I, warfare became mechanized and Winston
Churchill made his famous decision to shift the British navy from coal
to oil. From then on, access to oil was a key component of much geo-
political analysis [2]. As car ownership grew, Western countries came
to depend on oil imports from the Middle East and were caught off
guard by the oil crises of 1973 and 1979. These events transformed oil
security from a military issue into one of economic stability [3,4]. Often
the focus of geopolitical analysis was on great power rivalry over spe-
cific oil-rich parts of the world such as the Persian Gulf, the Caspian, or
the Arctic, or on chokepoints such as the Strait of Hormuz or the Suez
Canal (e.g. [5,6]). Sometimes the analysis took on a neo-Malthusian,
peak-oil hue (e.g. [7]). Later on, the gas crises between Russia and
Ukraine in 2006 and 2009 raised concerns about natural gas, with
particular emphasis on the use of monopsony, gas transportation in-
frastructure, pricing power, and supply disruption as foreign energy
policy tools (e.g. [8,9]).

The current rapid growth of renewable energy is giving the impetus
to a yet another phase in geopolitical thinking, this time focusing on
changes in the positions of states in the international system that may
follow from the rise of renewables (e.g. [10–15]).

Although the geopolitics of renewables represents a new direction
for geopolitical analysis, some arguments are already being repeated

with such frequency that they may come to be seen as common
knowledge. They tend to involve the transposition of the geopolitical
logic of oil and gas onto renewables, despite the considerable differ-
ences between the energy types and their associated technologies and
infrastructure. While shifting focus from fossil fuels to reneables, geo-
political analysis remains centered on resource-rich locations, key in-
frastructure, transportation routes, control over energy supplies, and
the potential for supply disruptions. The continuing underlying as-
sumption is that control over resources and their distribution endows
states with power in the international system. In this article, I therefore
seek to nuance and challenge four specific arguments concerning the
geopolitics of renewable energy.

Traditional geopolitical thinking found its counterpart in critical
geopolitics, a constructivist approach to the maps and texts produced
by actors involved geopolitical theory- and policymaking [16], but so
far there have not been any critical geopolitics contributions on the
geopolitics of renewables. This article could be thought of as a first step
in that direction.

The article is a response both to the emerging academic literature on
the geopolitics of renewables and to the discussions at seminars and
conferences convened between 2016 and 2018 by the International
Renewable Energy Agency (IRENA); the ministries of foreign affairs of
Germany, the Netherlands, Norway, and the United Emirates; the
Clingendael Institute, Columbia University, Harvard University, the
Norwegian Institute of International Affairs, and Stiftung Wissenschaft
und Politik.

2. Competition over critical materials

One frequent claim about the consequences of the energy transition
is that there will be increasing geopolitical competition over critical
materials for renewable energy technologies [17–20]. “Critical
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materials” is a broad term that refers to raw materials for which there
are no viable substitutes with current technologies, which most con-
sumer countries are dependent on importing, and whose supply is
dominated by one or a few producers.

Much of the concern over critical materials for renewables is fo-
cused on the 17 rare earth elements and was sparked by an episode in
2010 when China imposed a rare earths embargo on Japan over a
territorial dispute [20–24]. China dominated global production, Japan
depended on Chinese supplies, and it was feared that China would be
able to use its increasingly dominant position in global rare earths
markets as a foreign policy tool.

However, most of the rare earth elements are in fact geologically
abundant in the earth's crust. For example, cerium is more common
than lead [25]. The heavier rare earth elements are less common than
the lighter ones, but most of them are still not among the most scarce
basic elements [26]. Only promethium is truly scarce, but is not used in
renewable energy technologies. What is true about rare earth elements
is that they are mostly found in dilute concentrations—making it ex-
pensive to mine them—and that there has not been much demand until
recently and production is therefore limited [22,27]. The Chinese—-
with low costs, lax environmental standards, and an eye for profit—-
have cornered most of the market.

One of the most relevant rare earth elements for renewable energy is
neodymium, followed by praseodymium and dysprosium, all of which
are used in permanent magnets for direct-drive wind turbines [21,22].
However, the vast majority of wind turbines are constructed with
geared-turbine technology that does not require permanent magnets
[28]. In the United States, for example, less than 2% of wind turbines
use permanent magnets [29].

Sometimes “rare earth elements” is used as shorthand for all critical
materials for renewable energy. However, some of the most important
materials for renewable energy technologies do not belong to the rare
earth elements group. For example, lithium and cobalt are essential for
lithium ion battery technology, and copper is used for electric turbines
and electricity distribution, but none of these belong to the group of
rare earth elements. The term “rare earth elements” could be used with
greater caution.

Whether and which critical materials might be rare and sought-after
is a complex question. The energy transition is above all about tech-
nology and innovation. It is impossible to predict with certainty which
renewable energy technologies will be developed in the future; but it is
highly probable that there will be technological improvements and cost
reductions in some or other areas [30]. One of the main aims of re-
search on renewable energy is to develop new technologies that use
cheaper materials, and the prospects for success in this endeavor are
good [31,32]. Just in recent years, the materials intensity of neody-
mium, dysprosium, germanium, tellurium, europium and terbium in
clean energy technologies has been reduced [33]. The 2010 China–-
Japan rare-earth-elements spat triggered technological innovation in
the following years, weakening China's grip on the market [23]. This
does not mean that a technological fix can necessarily be found for any
critical material, but it does mean that it is important to consider at
least the possibility of technological change. If not, one risks falling into
the same static technology assumption trap as peak oil proponents who
were caught off guard by improvements in fracking technology and the
rise of shale oil.

Another problem with the discourse on critical materials is that it
tends to confuse the economics of commodity cycles with geological
scarcity. Commodity markets are typically cyclical, repeating patterns
of boom and bust. Mining projects have long lead-times, in some cases
decades from an investment in exploration until a processed product
reaches the market. This time lag—combined with neo-Malthusian
discourses of peak extraction—leads companies to overinvest. When the
output of many different new mining projects finally reaches the
market, prices collapse, initiating a new cycle of boom and bust. Again,
the 2010 China supply disruption is a case in point, as it triggered more

investment in rare earths extraction and processing in other countries,
changing the supply picture to a degree [23,24].

Current discourses also tend to overlook the fact that—unlike fossil
fuels—most critical materials for renewable energy technologies can be
recycled [33–36]. For some materials, the cost of recycling is currently
high, but this is conditional upon volumes and recycling technolo-
gies—both of which are dynamic. If demand increases for a critical
material, recycling will likely increase too [19,32,37]. As recycling
increases, scale economies will reduce the cost of recycling.

Depending on how technologies for renewable energy develop, it is
plausible that prices for some critical materials will be high, that they
will generate significant revenues for exporting countries and expenses
for importing countries, and that some materials will be securitized.
However, this does not mean that a geopolitical race to take control
over critical materials is inevitable. In the words of Lovins [22], they
“are simply another commodity—unusual, significant, but unable to
transcend the realities of economics, innovation, and trade” (see also
[33]).

3. New resource curses

The vast existing resource curse literature is oriented towards
countries with oil, gas and valuable minerals and metals. Some actors
now argue that the transition to renewable energy will lead to the re-
appearance of the resource curse among countries rich in critical ma-
terials and/or with large, exportable surpluses of renewable energy
[12,38–40]. Like some oil producers in the past, their apparent wealth
will lead to a weakening rather than a strengthening of their position in
the world, it is thought.

This view requires nuancing. Renewable energy for export could
potentially require more long-term maintenance of infrastructure,
generate more local jobs, and produce more stable revenues than oil
and gas have done [41–43], especially compared to an oil exporter such
as Angola, for example, with oil and gas production located offshore
and dominated by international oil companies and workers [44].

Oil is also often sold one tanker load at a time in international
markets, and subsequently traded and re-traded around the world. By
contrast, exported electricity from renewables will more likely be sold
to nearby countries on long-term contracts needed to finance the up-
front capital expenditure required to build renewable-energy infra-
structure. In this regard, renewable energy may have more in common
with piped natural gas than with oil.

The assumption of a new resource curse also ignores learning pro-
cesses among countries handling resource revenues. While much of the
literature on the resource curse is based on long timeseries of panel data
and assumes that the curse is a stable phenomenon (e.g. [37,38]), the
relationship between society and natural resource revenues may actu-
ally have changed over time. One major learning process has been
improved design and management of sovereign wealth funds [47–49].
Exemplifying this trend, both Russia and Saudi Arabia managed to first
save petroleum revenues and later disburse them to keep their econo-
mies afloat during the dip in oil prices from 2014 to 2018 [50]. Back in
the 1980s, neither country had set up its petroleum revenue manage-
ment to handle this kind of situation. There is little reason why coun-
tries rich in renewable-energy resources or critical materials should be
at least as well equipped as the Russians and Saudis to manage future
revenues.

The energy transition is likely to generate resource revenue wind-
falls for some countries, and for some of them this could lead to chal-
lenges. But a repetition of the resource curse on a large scale is not
inevitable.

4. Electricity disruption as a geopolitical weapon

Increased use of renewable energy will lead to higher levels of
electrification and increased trade in electricity across borders [51–53].
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Another worry is therefore that interstate electricity cut-offs could be-
come an important foreign policy tool [12,54,55]. This worry is often
supported by references to historical cases of the use of energy as a
foreign policy tool.

A comprehensive study by Fischhendler et al. identifies 38 cases of
energy sanctions between 1938 and 2017 [56]. These cases include a
broad range of measures, and only a minority of them involve supply
disruptions. There are so few past cases of use of electricity as a foreign
policy tool that Fischhendler et al. excluded them and limited their
study to oil, gas, and coal [56].

The most high-profile past cases of energy sanctions are the oil
crises of 1973 and 1979, but the relevance of these to the future use of
electricity as a “weapon” is limited because they involved oil trans-
ported by tanker over long distances. Compared to solar and wind
power distributed by cable, oil on tankers is easier to redirect or hold
back and save for later.

The cases most often referred back to at seminars and conferences
on the geopolitics of renewable energy are the Russia–Ukraine natural
gas conflicts of 2006 and 2009, in which Russia halted the flow of piped
gas across its border. However, much of the future international solar
and wind power trade will likely involve more symmetrical relation-
ships between different prosumer (producer-consumer) countries than
does the unidirectional gas trade (and much past electricity trade).
Many countries will produce domestically much of the renewable en-
ergy they consume, but trade with neighboring countries to balance
their grids against the intermittency of solar and wind power [57].
Thus, prosumer countries will be mutually dependent upon each other
[58]. Also gas-exporting and importing countries are mutually depen-
dent, as the exporting countries need security of transit and demand,
while the importing countries need security of supply and transit [59].
However, this dependence is more asymmetrical and therefore less
stable than prosumer relationships [60].

In some cases, renewable energy trade relationships may be more
asymmetric and similar to natural gas trade relationships, with one
country always being the importer and another country always being
the exporter [56]. However, even in such cases, the nature of the
asymmetry may be different, as most net-importer countries will still
have the option of developing their own renewables potential and thus
face long-term make-or-buy choices [14]. If the political risk premium
on imported renewable energy becomes too great, it will lose its com-
petitive edge over domestic alternatives. In other words, renewable
energy exporters will often be competing against their own customers
and will have to treat them with care.

5. Cybersecurity as a geopolitical risk

The growth of renewable energy is occurring simultaneously with
another major development: digitalization. Digitalization can help keep
grids balanced, even as large numbers of renewable energy producers
raise and lower production depending on the weather [61]. This causes
academics, security think tanks, intelligence and security organizations,
parliamentary committees, and consultancies to fear that terrorists or
the intelligence services of hostile countries may hack the computers
that control utilities and grids [39,62].

Clearly, there is cause for these concerns as society becomes de-
pendent on new technologies and the growing complexity of digital
systems for grid management can give rise to new cybersecurity chal-
lenges. However, sometimes such concerns are overstated, as in when
the potential large-scale hacking of smart meters was likened to “the
modern day equivalent of a nuclear strike” [63] cited in [62].

Those who raise concerns about the cyber-security of electricity
grids at seminars and conferences often invoke the case of a cyber-at-
tack against three energy distribution companies in Ukraine in 2015
[64]. As a result of this attack, substations in 30 locations in Western
Ukraine were shut down, cutting off the electricity supply to 230 000
people for a period of between 1 and 6 hours [65]. While utilities and

electricity distribution networks in many countries are subject to fre-
quent hacking attempts, this is considered to have been the first suc-
cessful attack on this scale and with such geopolitical significance,
foreshadowing the role of cyber-attacks in the future energy system.
However, it is worth noting that Ukraine was a special case, comprising
unusually dilapidated infrastructure, a high level of corruption, a
military conflict with Russia, and exceptional possibilities for Russian
infiltration due to the historical linkages between the two countries
[66]. Despite all these issues, only 0.015% of Ukraine's daily electricity
consumption was affected, and only for a few hours [67].

The use and associated risks of electricity are not new per se, as all
homes, companies, and institutions in developed countries already
depend on electricity grids, and grids have been controlled digitally for
decades. It is also probable that increased use of renewable energy will
lead to greater decentralization, with millions of prosumer households
supplying electricity. This may actually make the system more resilient,
as many different units will have to be hacked to destabilize the system
as a whole.

Like many pessimistic, policy-oriented forecasts, those concerning
digitalization and cybersecurity have merit, but are also potentially self-
destructing predictions: the more such predictions are made, the greater
the likelihood that incumbents will be encouraged to implement
counter-measures. In other words, the predictors are part of the social
context about which they are trying to make a prediction and may in-
fluence that context in the process.

As a source of policy recommendations, discourse on cybersecurity
is therefore clearly useful; as a prediction about the future energy
system it is trickier. As one of the rare critical contributions in the cy-
bersecurity field put it, “Moderate and measured takes on cyber security
threats are swamped by the recent flood of research and policy posi-
tions in the cyber research field offering hyperbolic perspectives based
on limited observations” [68] (see also [69]).

6. Conclusions

In three of the four areas discussed above, there is a risk of trans-
posing patterns of behavior from the fossil-fuels dominated energy
system of the past onto the renewables-based energy system of the fu-
ture: great powers have competed to control oil, in the future they will
compete over critical materials; there has been a resource curse related
to oil, and this will be replicated as a resource curse related to critical
materials and renewable-energy exports; countries have used disrup-
tions of oil and gas supplies as geopolitical weapons, now they will start
disrupting electricity supplies instead. While some of these phenomena
could indeed be reproduced, one cannot assume that they automatically
will be.

The underlying challenge is that renewables change the premises for
international energy affairs. Because renewable energy resources tend
to be more evenly distributed geographically than are fossil and nuclear
fuels, the economic and security advantages of access to energy will be
more evenly spread among countries, there should be fewer risks re-
lated to transportation chokepoints and less reason for great powers to
compete over valuable locations. In sum: international energy affairs
will become less about locations and resources, and thus less geopoli-
tical in nature. As renewable energy resources are abundant but diffuse,
technologies for capturing, storing and transporting them will instead
become more important. International energy competition may there-
fore shift from control over physical resources and their locations and
transportation routes to technology and intellectual property rights.
This may evolve into something along the lines of the competition in
mobile telephony between China (Huawei), South Korea (Samsung),
and the United States (Apple). It is not a war, nor is it geopolitics in any
strict sense, but there are winners and losers–for example the Finns who
used to work for Nokia.
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