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ABSTRACT

The energy transition literature assumes that renewable energy sources are more evenly distributed globally than
fossil fuels. This assumption implies that the shift from fossil fuels to renewables will enable more countries to
pursue energy self-sufficiency and end their dependence on imported energy. However, if the assumption is
wrong, the energy transition will depend on transboundary electricity or hydrogen trade, creating new inter-
national relationships and opportunities for both cooperation and conflict. The contribution of this study is to test
the assumption of the even distribution of renewable energy resources on a quantitative empirical basis. Lorenz
curves are compared and Gini coefficients calculated for three types of fossil fuels and three types of renewable
energy in 161 countries. The study concludes that renewable energy is indeed more evenly distributed than fossil
fuels. This finding lends support to claims that energy transition will bring about a more decentralized global
energy system centered on prosumer countries with few long-distance energy relationships. However, the dif-
ference between the evenness of the distribution of renewable energy resources and that of fossil fuel reserves is
not as great as the literature assumes. International trade in energy, and by extension international energy

politics, will not disappear entirely.

1. Introduction

Historically, the literature on the geopolitics of energy focused on oil,
gas, and security of supply [1-4]. From around 2010, a new literature on
the geopolitics of energy started emerging, centered on renewable en-
ergy rather than fossil fuels [5-13]. A common assumption in many of
these new geopolitical works is that renewable energy sources are
distributed more evenly than fossil fuel reserves among countries
[14-21]. It is therefore thought that the transition to a renewables-based
energy system will make international energy relations more symmetric
[22-26]. As countries increasingly rely on their own renewable energy
resources, it is expected that there will be reduced dependence on major
fossil fuel exporters such as Russia and Saudi Arabia [27-29] and, as a
result, less long-distance energy dependence [30,31]. As a corollary,
geopolitical hotspots like the Straits of Hormuz or the Straits of Malacca
will lose their global significance [30,32]. Renewable energy is also seen
as contributing to improved energy security and economic development
[20-23,33-35].

While the literature cited above is based on an assumption about the
even distribution of renewables and foresees a “flatter world” [36], a
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contrasting literature focuses on the differences in renewable energy
endowments and sees countries rich in renewable energy resources as
gaining a geopolitical upper hand thanks to energy transition [37-39].
There are numerous examples that could be used to create a picture of
renewables as unevenly distributed: North African countries have far
higher levels of solar irradiation than European countries, especially
North European ones. Northern Japan, southern Argentina, and the UK
have rich wind resources, while there is almost no wind around the
equator. The existence of large-scale hydropower resources depends on
both climatic and geographical conditions and is therefore limited to a
few locations [29]. While Nepal and Tajikistan are hydropower giants,
neighboring countries such as India and Turkmenistan have small hy-
dropower resources per capita. The world’s geothermal resources are
also highly concentrated in a few countries such as Iceland, Indonesia,
and the Philippines.

Further complicating matters, fossil fuels may not be as unevenly
distributed as suggested by the commonplace image of a world depen-
dent on a handful of petrostates. Many countries have at least one of the
three types of fossil fuel reserves even if they lack the others. While only
a few countries, such as Saudi Arabia and Venezuela, have exceptional
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oil resources, many countries have some oil and/or gas. Few non-energy
experts might think of Denmark or Germany as oil producers, but they
are. And while oil gets a lot of attention due to the Organization of the
Petroleum Exporting Countries (OPEC) and the long history of oil-
related conflict, gas and especially coal tend to stay below the geopo-
litical radar.

The divergent views in the literature and the anecdotal evidence in
support of both views motivate us to test the assumption that renewable
energy resources are more evenly distributed globally than fossil fuel
reserves. Our contribution to the literature is to resolve this contradic-
tion and to do so through the introduction of quantitative analysis of
relevant empirical evidence so that this field of research is not only
anchored in assumptions.

2. Methodology

We use Lorenz curves and Gini coefficients to compare how evenly/
unevenly renewable and fossil energy resources are distributed globally.
Traditionally, the Gini coefficient is mainly used to measure wealth or
income inequality within a country [40-43]. However, it can also be
used to assess the distribution of energy-related factors. For instance, the
Gini coefficient has been used to measure the distribution of energy
consumption [44-46] and inequalities in carbon emissions [47]. Some
scholars assess inequalities in energy consumption (both renewable and
non-renewable) by creating Lorenz curves and Gini indices for global
consumption of coal, oil, and natural gas and comparing them with
similar indicators for the consumption of energy from hydropower,
geothermal, and nuclear sources [48]. Such analysis is similar to the
traditional analysis of economic inequality, just transposed onto the
demand side of the energy sector. In this article, we complement this
analysis with a look at the supply side of energy and thereby marry the
inequality theme with a geopolitical perspective.

2.1. Data and variables

We create Lorenz curves and calculate Gini coefficients for three
types of fossil fuel (coal, natural gas, and oil) and three types of
renewable energy (hydro, wind, and solar). Building on the approach of
Overland et al. [36] these three renewable energy sources were chosen
because they are the ones being developed most intensively. We used
data for the most recent year available, which was from 2014 to 2019.

Table 1
Variables and data sources.

Fossil fuel reserves

Coal Sum of proved and estimated
reserves of bituminous coal/
anthracite, sub-bituminous
coal/lignite, and peat

Proved reserves

Sum of proved reserves of crude
oil, natural gas liquids, oil shale,
and bituminous sands

UN Energy Statistics Yearbook,
2015 [50]

Natural gas
0il

Renewable energy sources

Hydro Hydropower potential UN Energy Statistics Yearbook,
2015 [50]
Wind Sum of offshore and onshore National Renewable Energy
wind energy potential Laboratory, Wind resources by
class and country at 50m, 2018
[51]
Solar Solar resources National Renewable Energy

Laboratory Solar Resources by
Class and Country, 2014 [52]

Common denominator
Population United Nations, Department of
Economic and Social Affairs,

Population Division, 2019 [53]
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Table 1 summarizes the variables and data sources used.

Renewable energy resources are calculated as gigawatt hours (GWh)
per year. For example, the average solar radiation of a country is
multiplied by its surface area. Fossil fuel indicators are convertedso
through the introduction to GWh to make it possible to aggregate and
compare them with the renewable energy indicators. Although bio-
energy is a renewable enerso through the introductiongy source, we did
not include it in our analysis, because its adverse impact on the envi-
ronment is more debated than that of other sources of renewable energy
and data on bioenergy may be less reliable [49].

We carry out our calculations using data on 161 countries, all
countries for which data were available. The countries omitted from our
analysis are very small and lack data, for example Andorra, the Faroe
Islands, Kiribati, and so on. When we use the words “world”, “global”, or
“all countries” below, we are referring to the 161 countries covered by
our data.

2.2. Lorenz curves and Gini coefficients

The Lorenz curve gives a graphical representation of the distribution
of a factor across cumulative percentages of units [54]. The Gini index is
a numerical indicator of distribution ranging from 0 (total equality) to 1
(total inequality).

Because our goal was to calculate a global Gini index, we first
intended to use individual countries as the units among which to assess
the distribution of energy resources. That approach would have been in
line with the approaches in the existing studies that compare the nom-
inal energy resources of countries without further adjustment [55-57].
However, although this approach can be applied to studies of the re-
sources and power of countries as political entities in global energy af-
fairs, it is unsuitable for an analysis of the distribution of energy
resources, because variations in the size of countries would distort the
results. For example, China has oil reserves of over 50 billion metric
tons, and Kuwait has around 14 billion metric tons. However, China’s
population and territory are vastly larger and, consequently, so is its
energy demand. A direct comparison between two such countries makes
little sense.

Another example is provided by the histograms of the distribution of
hydropower in Fig. 1. Panel A shows groups of countries by their
respective shares of global hydropower resource endowments: 151
countries each hold less than 2% of global hydropower resources,
whereas 10 countries hold 2-16% each. This gap creates the impression
that the distribution of hydropower around the globe is more uneven
than it actually is. If we look at Panel B, it is clear that if one takes into
account population size, the distribution of hydropower is not as uneven
as that: 20% of the world population holds 49% of the hydropower re-
sources, and the remaining 80% of the world population holds 51%.

We considered several options for achieving proportionality among
countries, including dividing fossil fuel production by gross domestic
product (GDP) and renewable energy resources by domestic electricity
or energy consumption. However, each of these options has limitations
and it would be difficult to combine them. We therefore opted to divide
all resource indicators by population because it is a transparent measure
with good data availability, is relatively stable, can be applied consis-
tently to all resource indicators, and has a long track record of use in the
literature [44,48,58].

The sum of energy resources of all countries is taken as global re-
serves/resources (100%). Similarly, the combined population of all
countries is taken as the global population (100%). Next, we calculate
the share of each country in global reserves/resources and population
(as percentages) and obtain the slope of a section of the Lorenz curve for
each country according to the following formula:

Share of country X of global energy resources

Slope =
ope Share of country X of global population

Sorting the lists of countries from the smallest to the largest by the
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Fig. 1. Country-vs. population-based distribution of global hydropower resources.

slope indicator gives us ascending lists: the countries with the smallest
energy reserves/resources relative to their population size are at the
beginning of each list, and countries with the largest reserves/resources
relative to their population are at the end.

Next, we calculate the cumulative share of population (horizontal
axis) and corresponding cumulative share of energy reserves/resources
(vertical axis). Plotting them against one another in a scatterplot and
connecting the points gives the Lorenz curve (see Fig. 2). The Gini co-
efficient is obtained by dividing the area between the diagonal of perfect
equality and the Lorenz curve by the total area under the diagonal of
perfect equality. The area below the Lorenz curve is calculated by
summing the areas of the trapezoids for each of the countries. Fig. 2
provides a simplified illustration of the area below the Lorenz curve with
the five hypothetical countries A, B, C, D, and E.

The area of each trapezoid is the arithmetic mean of its two sides
multiplied by its height. The shorter side of the trapezoid is the cumu-
lative share of energy reserves/resources before including the country’s
share. The longer side of the trapezoid is the cumulative share of energy
reserves/resources after including the country’s share. The height of the
trapezoid is the country’s population share. The area under the diagonal
of perfect equality is 5 000, and the total number of countries is 161.
Hence, the formula for the Gini coefficient for a given energy resource is:

Cumulative share of energy resource

Cumulative share of population

Fig. 2. Example of a Lorenz curve.
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where E;_; is the cumulative share of energy resources of all countries
before country i, E; is the cumulative share of energy of all countries
before country i plus the share of country i, and P; is the population share
of country i.

2.3. Limitations

For the sake of simplicity and feasibility, the analysis builds on
several premises. First, it is assumed that a country is able to utilize its
proven fossil fuel reserves. In reality, the ability of a country to turn
available resources into an economic asset depends on many factors,
such as demand, the availability of extraction technologies, the effi-
ciency of industrial management, and political stability. However,
future values for these indicators cannot be estimated with a sufficient
degree of accuracy to make them useful. Obviously, not all reserves can
be exploited. However, due to globalization, the capacity of countries to
exploit their resources is convergent in most countries. For example,
over the past decades, the know-how and enhanced oil recovery tech-
nologies of international oil companies have become available in oil-
producing states such as Iraq and Russia, which previously had low
extraction ratios for their oilfields [59], while low-cost Chinese solar
panels have become available in most parts of the world [60]. Future
research might consider using indicators of technological and gover-
nance levels as proxies for the capacity of countries to exploit their
resources.

3. Results and discussion

In this section, we first examine the distribution of each of the three
fossil fuels and each of the three types of renewable energy sources
separately. At the end of the section, we create one aggregate of the fossil
fuels and another of the renewables and compare their distributions.

3.1. Distribution of fossil fuel reserves
Fig. 3 summarizes the results for fossil fuels around the world. As

expected, their distribution is uneven. Just 11 countries hold approxi-
mately 90% of global coal reserves, 39 countries hold more than 90% of
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Fig. 3. Gini indexes, Lorenz curves, and distribution across population quintiles for global fossil fuel reserves (number of countries in quintiles given above bars).

global natural gas reserves, and 37 countries hold close to 100% of
global oil reserves. The figure also shows that coal is the least unevenly
distributed fossil fuel, with a Gini index close to 0.8. The indices of oil
and natural gas are higher—both at nearly 0.9. The similar values for oil
and gas may be related to the fact that natural gas and oil reserves are
often found together.

The fact that coal has the lowest Gini coefficient is not surprising,
because global reserves of coal are abundant and prices have tradi-
tionally been low. However, the difference between the Gini coefficients
of coal and oil is not as great as one might expect considering how much
more attention oil receives as an object of geopolitical competition,
cartelization, embargo, and war. The fact that the Gini coefficient of coal
is not actually that low also means that the burden of transitioning away
from coal is unevenly distributed. Although coal is rarely an export
earner on the same level as oil, it is the backbone of domestic electricity
generation, heating, and heavy industry in some countries. The top 10
countries in terms of coal reserves per capita are Botswana, Australia,
Mongolia, Russia, the United States, Canada, Poland, Kazakhstan, New
Zealand, and Kyrgyzstan, in that order. In those countries, the transition
away from coal will be challenging.

It is also worth noting which countries have the most abundant fossil
fuel reserves taking into account population size. Table 2 lists the ten
most resource-rich countries for each type of fossil fuel.

Table 2
Top 10 countries in terms of fossil fuel reserves per capita (the underlined
countries are those that appear in more than one column).

Coal Natural gas Oil
Botswana Qatar Kuwait
Australia Turkmenistan Estonia
Mongolia UAE United States
Russia Kuwait Canada
United States Iran UAE
Canada Norway Venezuela
Poland Saudi Arabia Saudi Arabia
Kazakhstan Trinidad and T. Qatar
New Zealand Libya Libya
Kyrgyzstan Russia Kazakhstan
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3.2. Distribution of renewable energy sources

Our results indicate that renewable energy resources are spread more
evenly than fossil fuel reserves, confirming the assumption found in part
of the literature (see Fig. 4).

With a Gini coefficient of 0.561, hydropower resources are the most
evenly distributed type of renewable energy. Solar radiation has a Gini
coefficient of 0.655 and is thus less evenly distributed than hydropower.
Wind, with a Gini index of 0.691, is the most unevenly distributed
renewable energy resource. The histograms in Fig. 4 also show that
hydropower resources are more evenly distributed across population
quintiles than solar radiation is.

The finding that hydropower resources are more evenly distributed
than solar and wind resources may appear counterintuitive. Hydro-
power depends on precipitation and mountainous terrain, neither of
which is evenly distributed. Some very small countries have outsized
hydropower resources, for example, Bhutan, Laos, and Norway. By
contrast, the sun shines on every part of the planet, including the Arctic
and Antarctica, and there is also wind everywhere. However, population
density tends to be significantly higher near rivers, evening out the
availability of hydropower resources when population is taken into ac-
count. Furthermore, the countries with the greatest solar resources are
desert countries, and deserts typically have very low population density.
Thus, when one takes population into account, the world’s hydropower
is not so unevenly distributed after all.

Table 3 compares the distribution of hydro and solar power between
two groups of countries—the lowest 150 and the top 11 by share of
global resources. As we can see, the top 11 countries in terms of hy-
dropower resources, which also have 52% of the world’s population,
hold 64% of the world’s hydropower resources. On the other hand, the
lowest 150 countries in terms of solar energy potential also represent
52% of the global population, while holding only 47% of global solar
resources. In other words, hydropower is evenly distributed because it is
concentrated in populous countries.

Table 4 lists the 10 countries with the greatest resource potential for
each of the three types of renewable energy. Countries that appear in
more than one of the columns are underlined. The large number of
underlined countries shows that many countries are rich in multiple
types of renewable energy.
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Fig. 4. Gini indexes, Lorenz curves, and distribution across population quintiles for global renewable energy resources (the number of countries in each quintile is

given above the bars).

Table 3
Hydro and solar power resource endowments of the 150 most poorly and 11
most richly endowed countries.

Hydro Solar

Share of
resources

Share of world
population

Share of world
population

Share of
resources

Most poorly 36% 48% 47% 52%
endowed 150
countries

Most richly
endowed 11

countries

64% 52% 53% 48%

Table 4
Top 10 countries by renewable energy resource endowment (the underlined
countries are those that appear in more than one column).

Hydro Wind Solar
Iceland Iceland Mongolia
Bhutan Australia Congo
Norway Namibia Namibia
Guyana New Zealand Australia
Gabon Libya Libya
Tajikistan Mauritania Botswana
Canada Mongolia Mauritania
Cyprus Norway Guyana
Peru Botswana Canada
Costa Rica Kazakhstan Taiwan

3.3. Fossil fuel reserves vs. renewable energy sources

Fig. 5 shows the distribution of aggregate fossil fuel reserves and
aggregate renewable energy resources. It shows that aggregate renew-
able energy resources (Gini coefficient 0.657) are more evenly
distributed than aggregate fossil fuel reserves (Gini coefficient = 0.802).
This more even distribution can also be seen in the quintile charts in
Fig. 5: the highest population quintile consists of 12 countries that hold
more than 90% of the world’s fossil fuel reserves, while, in the case of
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renewable energy resources, the highest population quintile consists of
58 countries that hold around 70% of global resources.

It is worth noting the changes in the list of top countries (see Table 5).
Australia, Botswana, Canada, Mongolia, and New Zealand are abun-
dantly endowed with both fossil fuel reserves and renewable energy
resources and therefore underlined. Russia with its vast territory and
large rivers is still absent from the renewable energy sources column: its
renewable energy potential is relatively low when it is divided among its
population. Norway, on the other hand, is among the top 10 countries in
terms of renewable energy potential (largely due to its hydropower re-
sources), but absent from the fossil fuel column because it has already
depleted a significant part of its oil and gas reserves.

3.4. Main findings

We have three main findings. First, the data confirm that renewable
energy resources are more evenly distributed than fossil fuel reserves.
This difference in evenness of distribution is shown by the Gini co-
efficients of the aggregate fossil fuel reserves and renewable energy
resources and by the fact that even the Gini coefficient of the most
evenly distributed fossil fuel (coal) is greater than that of the most un-
evenly distributed renewable energy resource (wind). This indicates that
many of the points and sub-topics in the literature on the geopolitics of
the energy transition make sense. Many countries will have the oppor-
tunity to pursue a greater degree of energy autarky. This pursuit will
lead to a more decentralized international energy system dominated by
prosumer countries with fewer long-distance energy relationships as
well as reduced importance of energy-related geopolitical hotspots such
as the Straits of Hormuz or the South China Sea.

However, our second major finding is that the difference between the
evenness of the distribution of renewable energy resources and the
evenness of the distribution of fossil fuel reserves is not very great.
Especially when aggregate fossil fuels and aggregate renewables are
compared, the difference is moderate. In a world running on renewable
energy, there will still be some resource-rich and some resource-poor
countries, meaning that some of the geopolitical phenomena linked to
the international energy affairs of the fossil fuel era may reappear in a
(re)new(able) guise. For example, some of the countries richest in
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Fig. 5. Gini coefficients, Lorenz curves, and distribution across population quintiles for combined global fossil fuel reserves and combined renewable en-

ergy resources.

Table 5

Top 10 countries by total fossil fuel reserves per capita vs. top 10 by
total renewable energy resources per capita (the underlined countries
are those that appear in both columns).

Fossil fuel reserves Renewable energy sources

Botswana Iceland
Australia Australia
Mongolia Namibia
Russia Mongolia
United States Libya
Canada Mauritania
Poland New Zealand
Qatar Norway
Kazakhstan Botswana
New Zealand Canada

renewable energy resources might become major net exporters of
hydrogen, electricity, or renewable energy embedded in energy-
intensive products such as steel or cement, while some countries that
are poorest in these resources might become dependent on imports of
such goods.

A third and even more unexpected finding is that hydropower re-
sources are the most evenly distributed of all six renewable and fossil
energy sources covered in this article when one takes into account
population size. The reasons for this unexpected finding are that popu-
lation density tends to be higher near rivers (where hydropower re-
sources are located) and lower in deserts (where solar power resources
are concentrated). The even distribution of hydropower resources also
strengthens the prospects for hydropower to function as a complement
to intermittent sources of renewable energy [61].

3.5. Caveats

A couple of caveats are in order. First, although not all that much
more evenly distributed than fossil fuels, renewable energy resources are
generally more abundant. For example, although Algeria may have much
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greater solar resources than Germany does, Germany has enough to
cover much of its energy needs. What proportion of its energy needs a
country such as Germany can cover with solar power depends on the
efficiency of renewable energy technologies [62-64], which is steadily
improving. The more efficient they become, the greater the extent to
which countries such as Germany, which are comparatively resource
poor, will nonetheless be able to cover their energy needs with domestic
solar power resources [65,66].

Second, during the period 2020-2050, renewable energy use is going
to grow while fossil fuels continue to play some role even if that role
steadily shrinks. It will not be either/or but coexistence [67]. Thus,
during these decades, the distribution of total energy sources will be
more even than indicated by the Gini coefficients. Few countries are
poor in both fossil fuels and renewables. If cost-efficient carbon capture,
storage, and use (CCSU) is achieved—or if climate policy fails—this
situation might even be perpetuated beyond the end of this century.

4. Conclusion

In the introduction, we showed that central arguments and expec-
tations in part of the literature on the geopolitics of renewable energy
hinge on the assumption that renewable energy resources are more
evenly distributed than fossil fuel reserves are. However, this assump-
tion has never actually been properly backed up with data and analysis,
and the purpose of this article has been to test the assumption with
empirical data.

We made three main findings. First, we confirmed that the part of the
literature that assumes renewables are more evenly distributed than are
fossil fuels is right. Secondly, however, we found that the difference is
not as great as one might assume. Third, and to our surprise, we found
that hydropower resources are the most evenly distributed of all six
renewable and fossil energy sources covered in this article, when one
takes into account population size.

Our findings have several implications for policymakers. First, they
should be prepared for a less asymmetric world and reduced importance
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of geographical chokepoints in energy logistics. Fossil fuel-rich countries
will lose much of the power which their resources have conferred upon
them in the past. But countries rich in renewable energy resources will
not replace them as international energy superpowers, because renew-
able resources are more evenly distributed than fossil fuels and most
countries have a chance to work towards a higher degree of autarky. The
leaders of countries rich in fossil fuels or renewable energy should take
note and adapt to this flattening world.

Countries that have been dependent on fossil fuel imports may
benefit from fulfilling their domestic renewable energy generation po-
tential at an accelerated pace. However, as there will still be some
interdependence, all policymakers would benefit from behaving
cautiously, especially towards their immediate neighbors. Whereas past
international energy dependence has often spanned long distances,
future dependence will often be between close neighbors helping each
other handle the intermittency of renewable energy sources.

Our findings open at least two avenues for further research. First, the
analysis could be extended by including governance and innovation
indicators as proxies for the ability of states to exploit the resources at
their disposal. Second, it would be possible to introduce cut-off points
for which energy resources are actually economically and technically
usable, both on the renewables side and on the fossil fuels side. The
challenge then would be to identify those cut-off points, as they change
along with evolving technologies and the entire economies surrounding
the exploitation and marketing of energy resources.

Data availability

All data analyzed in this study are included in the supplementary
information file and are also freely available from the United Nations
and the National Renewable Energy Laboratory (see details in Table 1).
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