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Abstract 
 
There are many indicators of energy security. Few measure what really matters—an 
affordable and reliable energy supply—and the trade-offs between the affordability and 
reliability. Reliability is physical, affordability is economic. The latest Russian invasion of 
Ukraine highlights some of the problems with energy security, from long-term contracts being 
broken to supposedly secure supplies being diverted to retired power plants being 
recommissioned to spillovers to other markets. Energy security requires government 
intervention. Policies on energy access and poverty should shift from price support, 
widespread in Asia, to income support. The transition to carbon-free energy poses new 
challenges for energy security, from a shift in dependence from some resources (coal, oil, gas) 
to others (rare earths, wind, sunshine) to substantial redundancies in the energy capital stock 
to undercapitalized energy companies, while regulatory uncertainty deters investment. 
Renewables improve energy security in one dimension, but worsen it in others, particularly 
due to long spells of little wind. Security problems with rare earths and borrowed capital are 
less pronounced. The potential for asset stranding by climate policy is particularly large in Asia. 
 
Keywords: affordability, reliability, violent conflict, climate policy 
 
JEL Classification: Q34, Q37, Q48, Q5



1. Introduction

We want energy to be cheap, reliable, and clean. It is typically easy to meet one of these
three criteria, but meeting all three at the same time is difficult. This is known as the energy
trilemma: You can’t have your cake, eat it, and consume it. Trade-offs are real.

The energy trilemma and its components are not new. As the price of fuel wood rose
in London, people switched to sea coal, bituminous coal mined on the northeast coast of
England. Burning this coal made the air intolerable to breathe, and in 1307 King Edward I
of England banned the use of sea coal in lime kilns. The ban was no success and later kings
and parliaments issued their own regulations (te Brake 1975). Nonetheless, in December
1952, some 4,000 people were killed by air pollution and maybe 8,000 more in the following
months (Bell and Davis 2001). The Clean Air Act of 1956 marks the beginning of the
transition away from coal as the prime fuel for heating in the cities of the UK. Elsewhere,
indoor and outdoor air pollution, primarily due to energy use, continue to kill millions of
people each year.1

Energy security focuses on two aspects of the energy trilemma: reliability and affordability
(Lefèvre 2010). The two concepts are often mixed together,2 but they are really separate.
Energy reliability is a physical concept. Electric power is unreliable if transmission lines
frequently fail, or generation plants suffer many outages. Reliable electric power is available
when it is needed, unreliable electricity may or may not be there.

Affordability is an economic concept. Electricity may be available but sold at such a high
price that its use is forgone or rationed. From the perspective of the final user, it does not
matter whether energy is not there or not affordable. In either case, energy is not used.
From an analytical perspective, however, it is important to distinguish the two concepts
because technical solutions differ and the two objectives may clash. The reliability of an
electricity grid can be improved with more transmission lines that are redundant except
in emergencies. The electricity supply can be made more reliable by adding more power
plants, used only in times of exceptional outages or very high demand. Such an increase in
reliability would come at a cost, and so make electricity less affordable.

Jansen and Seebregts (2010) argue that environmental externalities pose security risks, so
that energy security encompasses the whole of the energy trilemma. Bohi and Toman
(1993, 1996) agree but restrict attention to those externalities that can be meaningfully
influenced by policy, as indicators that are impervious to policy intervention should not be
used to advise policy. I disagree, not because clean energy is not important, but because
indicators should support policy by clarifying choices and consequences. A single indicator

1See WHO.
2Some analysts define the energy trilemma to be a three-way trade-off between cleanliness, security, and

equity. Besides combining reliability and affordability, equitable access to energy is a matter of the distri-
bution of income—unless there is strong price discrimination. Others replace clean energy with sustainable
energy, but why use a long word where a short one will do? Besides, sustainability no longer refers just to
the environment but also includes notions of social justice and economic development (Purvis et al. 2019).
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that obscures the reality of the energy trilemma is not helpful. Free after Tinbergen (1952),
we should have as many indicators as we have problems.

This paper continues as follows. Section 2 discusses the various indicators of energy security
that have been used in the literature and that provide the conceptual framework for the rest
of the paper. Section 3 treats policy instruments to increase energy security. Section 4 is
about the effects of geopolitics on energy reliability and affordability. Section 5 treats the
impact of climate policy in the short- and long-run. Section 6 concludes.

2. Indicators of energy security

If we want to assess the impacts of geopolitics and climate policy on energy security, we
need to be able to measure energy security. Much thought has gone into this, but this has
not brought much clarity.

Böhringer and Bortolamedi (2015) critically reviews energy security indicators and their use
in policy. Energy security indicators tend to suffer from the following limitations. First,
indicators are supply-oriented, disregarding the demand side (Jansen and Seebregts 2010;
Sovacool 2013; Gracceva and Zeniewski 2014). Second, indicators are proxies only; they
do not assess the energy system’s responses to shocks (Cherp and Jewell 2011; Gracceva
and Zeniewski 2014). Third, energy security indicators have no information on the costs
and benefits of different levels of energy security (Gracceva and Zeniewski 2014). Fourth,
different energy security indicators cannot meaningfully be added or compared (Böhringer
and Jochem 2007; Kruyt et al. 2009; Frondel and Schmidt 2014).

According to Böhringer and Bortolamedi (2015, see also Kruyt et al. (2009); Löschel et al.
(2010)), four indicators of energy security are in widespread use:

• Primary energy intensity is defined as total primary energy use over Gross Do-
mestic Product (GDP). Primary energy use is a physical measure, so this indicator
only proxies reliability, not affordability. However, this indicator makes no distinction
between more reliable and less reliable energy supplies. No account is taken of inter-
national trade in energy; offshoring energy-intensive industry would seem to increase
energy security, even if goods are now imported from countries with a higher energy
intensity (Gnansounou 2008). GDP too is problematic. It can be a poor measure of
economic output in small open economies. Comparison of prices across international
borders is difficult too; economies vary greatly in size between market exchange rates
and purchasing power rates (Samuelson 2014; Suehiro 2008).

• Dependence on foreign primary energy supply is defined as the sum (over all
fuels) of net imports (or zero for net exporters) divided by total primary energy use
(Bhattacharyya 2011; Le Coq and Paltseva 2009). As with the previous indicator,
there is no distinction between more and less reliable energy supplies. All foreign
suppliers are deemed to be equally risky, and all domestic suppliers are supposed to
be without risk.
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• Concentration of primary energy supply is defined as the Herfindahl-Hirschman
index—the sum of squared market shares—for fuels (Bhattacharyya 2011). This in-
dicator again ignores the actual reliability of the energy supply. It also ignores that
different fuels serve different purposes—liquid fuels for transport, solid and gaseous
fuels for power generation—so that differences in demand naturally lead to more or
less reliance on particular fuels (Stirling 2010).

• Concentration of foreign primary energy supply is defined as the Herfindahl-
Hirschman index for net energy imports, where concentration is measured either over
the number of foreign suppliers (Kleindorfer and Saad 2005) or over the number of
foreign suppliers and fuels (Frondel and Schmidt 2014). Once more, the reliability
of imports is omitted from the indicator—oil purchases from Norway are treated the
same as oil purchases from Libya—although this can be accommodated by introducing
a riskiness parameter per supplier. Fungibility is another critique (Le Coq and Paltseva
2009). A country may depend on a single supplier of coal. An idiosyncratic shock to
that supplier would not be a problem if other suppliers can take over. A country may
buy oil from many suppliers, but this would not protect it from a system-wide shock.
Transport is ignored too. Crossing the territory of a third party may be risky—recall
piracy off the Horn of Africa and hijackings in the Strait of Hormuz—and some modes
of transport are more flexible than others—contrast gas pipelines and liquified natural
gas.

Ang et al. (2015) also review the literature on energy security, finding no fewer than 83
different definitions and a great many indicators. For instance, Sovacool and Mukherjee
(2011) use 320 simple indicators and 52 complex ones. None of this makes much sense.
Energy security is security from a human perspective, and it should therefore be measured
as a reduction of human welfare (Bohi and Toman 1996). There are two reasons why energy
might not be secure: An energy source is temporarily or permanently (i) unavailable or (ii)
unaffordable, and cannot be replaced at short notice.

Ex post, energy security is easy to observe: a power plant tripped, an oil tanker ran aground,
energy bills were unpaid, or energy offers were not bought. Ex ante, energy reliability is
hard to measure because it necessarily involves an assessment of the probability of things
not going as expected. Energy affordability is predictable to the extent that incomes and
energy prices are.

As argued above, energy reliability is a physical concept: Is the primary energy available,
can it be transformed into a useful energy carrier, and can it be transported to the final
user? Energy affordability is an economic concept: Is the price acceptable to the final user?

2.1. Ex post indicators

The World Bank has a number of indicators that measure the reliability of the electricity
supply, including:

• fraction of value lost due to electrical outages;
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• percentage of firms experiencing electrical outages; and

• monthly number of power outages in firms.

Electricity is important but there are other energy sources as well. It would be useful to
systematically collect information on shortages of transport, heating, and cooking fuels.

The negative impact of power outages is well-documented for both firms3 and households,4

as well as for the economy as a whole.5 The evidence is for all parts of the world, and all
levels of development. The negative impact comes in two parts. Unreliable electricity leads
to interruption of production and daily life. In addition, firms invest in expensive backup
equipment, locking scarce capital into unproductive means.

These studies make it clear that an unreliable energy supply is bad for the economy in
the short-run and for economic development in the long-run. Capital diverted to backup
power generation could have been used more productively. Learning and human capital
accumulation are interrupted too. Although the actual outages happen by chance, the
probability of outages can be reduced through better management of power plants and
transmission lines, and better regulation of utilities.

The World Bank also publishes data on access to energy:

• Fraction of people (total, rural, urban) that have access to electricity; and

• Fraction of people (total, rural, urban) that have access to clean energy.

It would be good to extend this to access to modern energy. Furthermore, while energy
access is an important issue in poorer countries, energy poverty is important in richer coun-
tries—but there is no systematic data collection on this. Energy poverty is variously defined
as energy expenditures above a certain fraction of income or an inability to provide a basic
level of energy services. The latter, better definition is difficult to measure consistently over
time and space.6

The impact of energy access is well-documented too, with mostly positive effects on a range
of economic, social, and environmental aspects across the world, for all levels of development,

3Pasha et al. (1989); Beenstock (1991); Tishler (1993); Beenstock et al. (1997); Serra and Fierro (1997);
Steinbuks and Foster (2010); Alby et al. (2013); Allcott et al. (2016); Cole et al. (2018); Elliott et al. (2021);
Chen et al. (2022)

4Carlsson and Martinsson (2007, 2008); Carlsson et al. (2011); Amador et al. (2013); Chakravorty et al.
(2014); Ozbafli and Jenkins (2016); Poczter (2017); Kennedy et al. (2019); Meles (2020); Bajo-Buenestado
(2021); Carlsson et al. (2021); Deutschmann et al. (2021); Meles et al. (2021); Motz (2021); Sedai et al.
(2021b); Alberini et al. (2022); Aweke and Navrud (2022); Lawson (2022); Toto (2022)

5Sanghvi (1982); de Nooij et al. (2007, 2009); Andersen and Dalgaard (2013); Reichl et al. (2013); Car-
ranza and Meeks (2021); Woo et al. (2021)

6Energy poverty is reported in poorer countries as well (Barnes et al. 2011; Khandker et al. 2012; Andadari
et al. 2014; Sadath and Acharya 2017; Crentsil et al. 2019; Feeny et al. 2021; Gafa and Egbendewe 2021)
but difficult to separate from energy access.
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and in the short- and long-term.7

These papers show that improving access to energy, by expanding the physical supply and
reducing prices, has a direct effect on the economy by reducing costs, freeing up time, and
facilitating more production. In addition, it improves health care and education which, in
the long term, further accelerate economic development.

Energy poverty too has negative impacts on well-being,8 physical health,9 mental health,10

education,11 crime,12 agriculture,13 and development in general.14

3. Improving energy security

Policymakers have a number of instruments at their disposal to improve energy security in
its many guises. This is not the place for an exhaustive discussion.15

The reliability of the energy supply is threatened in two ways: There may not be enough
energy, or the energy may not reach its destination.

Insufficient capacity is a particular problem in power generation. The technical answer is
more capacity. As electricity cannot (yet) be stored at scale and demand varies considerably

7Dinkelman (2011); Grogan and Sadanand (2013); Lipscomb et al. (2013); Rao (2013); Khandker et al.
(2014); Dasso and Fernandez (2015); Grimm et al. (2015); Kitchens and Fishback (2015); Grogan (2016);
Peters and Sievert (2016); Salmon and Tanguy (2016); Abeberese (2017); Akpandjar and Kitchens (2017);
Barron and Torero (2017); Da Silveira Bezerra et al. (2017); Grimm et al. (2017); van de Walle et al. (2017);
Aklin et al. (2018); Burke et al. (2018); Ding et al. (2018); Fujii et al. (2018); Grogan (2018); Kumar and
Rauniyar (2018); Lewis (2018); Rathi and Vermaak (2018); Saing (2018); Thomas and Urpelainen (2018);
Dang and La (2019); He (2019); Jahangir Alam and Kaneko (2019); Litzow et al. (2019); Richmond and
Urpelainen (2019); Zhang et al. (2019); Burgess et al. (2020); Cravioto et al. (2020); Diallo and Moussa
(2020); Emmanuel and Japhet (2020); Fujii and Shonchoy (2020); Irwin et al. (2020); Lee et al. (2020b,a);
Lewis and Severnini (2020); Sievert and Steinbuks (2020); Tagliapietra et al. (2020); Thomas et al. (2020);
Acheampong et al. (2021b,a); Chhay and Yamazaki (2021); Fried and Lagakos (2021); Gaggl et al. (2021);
Gupta and Pelli (2021); Jeuland et al. (2021); Sedai et al. (2021a); Wagner et al. (2021); Wirawan and
Gultom (2021); Wu et al. (2021); Acharya and Sadath (2022); Adom and Nsabimana (2022); Ayana and
Degaga (2022); Bo et al. (2022); Chaurey and Le (2022); Dendup (2022); Hong et al. (2022); Koirala and
Acharya (2022); Ogunro and Afolabi (2022); Sedai et al. (2022); Guo et al. (2023)

8Sambodo and Novandra (2019); Awaworyi Churchill et al. (2020); Nie et al. (2021)
9Teller-Elsberg et al. (2016); Ortiz et al. (2019); Bukari et al. (2021); Awaworyi Churchill and Smyth

(2021); Nawaz (2021); Prakash and Munyanyi (2021)
10Zhang et al. (2021)
11Oum (2019); Rafi et al. (2021); Apergis et al. (2022)
12Hailemariam et al. (2021); Awaworyi Churchill and Smyth (2022a)
13Shi et al. (2022)
14Singh and Inglesi-Lotz (2020); Acheampong et al. (2021b)
15See, for instance, Anderson (2019); Baumol and Oates (1988); Berck and Helfand (2011); Endres and

Radke (2012); Field and Field (2009); Goodstein (2005); Hanley et al. (2007, 2013); Harris and Roach (2018);
Hodge (1995); Kahn (2020); Keohane and Olmstead (2016); Kolstad (2011); Lewis and Tietenberg (2019);
Pearce and Turner (1990); Perman et al. (2011); Phaneuf and Requate (2017); Tietenberg and Lewis (2018);
Turner et al. (1994); Wills (1997)
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during the day, week, and year, there is typically a mismatch between peak demand and
maximum supply. Peak demand lasts only a few hours, a short period to earn back the
investment in peak supply. The best solution is a mixture of setting a level of acceptable
blackouts, preparing for blackouts, and a reverse auction to buy spare generating capacity,
financed by a levy on electricity use (Creti and Fabra 2007).

Inadequate transport or transmission is the other cause of an unreliable energy supply.
The technical solution is to build redundancy in transport and transmission systems. If
the market is competitive—e.g., tanker transport of oil—the costs of redundancy will be
weighed against the costs of non-delivery, a breach of contract, and loss of reputation. If the
market is not competitive—power cables, pipelines—direct regulation is the way forward.
Natural monopolies tend to be state-owned and strictly regulated anyway, so additional
regulation is straightforward whereas price signals—taxes or subsidies—are less effective
without competition (Jamasb and Marantes 2012; Schmidthaler et al. 2015).

Energy affordability is about energy access in poorer countries and about energy poverty in
richer ones. In both cases, poverty is the core problem. Rich people in poor countries have
access to modern fuels. Energy companies happily hook up neighbourhoods once enough
people can pay for their products. Similarly, energy poverty in rich countries is tightly
correlated with income poverty. Stimulating economic growth, and particularly economic
growth that disproportionally favours the less well-off, is, therefore, a key strategy to improve
energy affordability.

More targeted interventions are also possible. Many countries subsidize energy use. Data are
hard to get. The International Monetary Fund (IMF) has probably the best data but does
not share, while their aggregate statistics are hard to read as explicit and implicit subsidies
are added (Parry et al. 2021). The International Energy Agency (IEA) does share data,16 but
only split by fuel. In 2021 in Azerbaijan, Uzbekistan, Turkmenistan, and Kazakhstan, the
retail energy price was less than the wholesale price. These countries, as well as Bangladesh,
spent more than 5% of their GDP on fuel subsidies.

Price subsidies are not advised. Price subsidies help those who would otherwise not be
able to afford energy, but also and primarily help those who would have bought energy
at the unsubsidized price anyway. Price subsidies also encourage waste when energy is,
in fact, short. Price vouchers allow targeted price support (Podesta et al. 2021). Income
support is another, better alternative to price support—if it is well targeted (Best et al.
2021; Garćıa Alvarez and Tol 2021; Bagnoli and Bertoméu-Sánchez 2022).

Furthermore, as lack of energy access and energy poverty hold back development (see above),
alleviating this should be part of an overall economic development strategy (Bouzarovski
et al. 2012; Karpinska and Śmiech 2021). Unaffordable energy is often caused by a lack
of investment, which in turn is caused by a lack of access to capital markets. Investment
subsidies are thus justified, in home insulation and efficient heating in richer countries, and

16See here.
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in microgeneration, -grids, and -storage in poorer countries. However, energy poverty is not
just about financials.17 Any campaign against energy poverty needs to pay careful attention
to age and family structure, as well as to ethnic, racial, and religious discrimination.

4. Geopolitics and energy security

The exploitation of fossil fuels, and particularly of oil and gas, is heavily concentrated in a
small number of places. Although there are oil and gas fields in many countries, most are
relatively small. A few large producers dominate production. This has been the case since
the start of the large-scale use of oil and gas.

The concentration of production implies that political unrest or violent conflict at the locale
of oil and gas fields has a disproportionate impact on the world market for oil and gas. The
concentration of production increases the importance of long-distance transport and the
bottlenecks of international trade, such as the Panama and Suez Canals, and the Straits of
Hormuz and Malacca. Furthermore, aware of the strategic importance of the centres of oil
and gas production, outside forces have long sought to control these centres, or to control the
strongmen who control them, competing with indigenous people and with other outsiders.
In return, the strongmen have sought to influence the politics of other countries, both near
their borders and far away. The result is a vicious cycle of political instability, interspersed
with periods of stable but brutal and brittle regimes.

The second invasion of Ukraine by the Russian Federation illustrates the short-term issues.
The violence has affected key energy infrastructure—damage to substations and thermal
generators, threats to nuclear plants and hydropower dams—some accidental, and some
apparently deliberate. The violence is concentrated in Ukraine, but occasionally spills into
the Russian Federation and there are seemingly related acts of sabotage in Germany and
the Baltic Sea. The rulers of the Russian Federation may have hoped that its position
as the main supplier of energy to Europe would prevent other countries from coming to
Ukraine’s aid, but that was a miscalculation. The flow of oil and gas from the Russian
Federation to Europe fell sharply. This forced the countries of Europe to seek imports from
elsewhere, driving up the price of oil and liquefied natural gas (LNG). This in turn made
energy unaffordable elsewhere. Pakistan, for instance, could no longer afford to import LNG
and suffered power blackouts as a result. At the same time, Russian oil and gas traded at a
discount, benefiting those countries that had the infrastructure to import (e.g., gas pipelines)
and even re-export. The details are different for other conflicts, but violent conflict involving
large energy exporters causes a lot of misery.

For the effects in the long-run, the literature on the natural resource curse offers some em-
pirical support for the hypothesis that economies with weak institutions and an abundance

17Xu and Chen (2019); Awaworyi Churchill and Smyth (2020); Karpinska and Śmiech (2020); Ampofo and
Mabefam (2021); Paudel (2021); Awaworyi Churchill and Smyth (2022b); Dogan et al. (2022); Koomson and
Awaworyi Churchill (2022); Koomson et al. (2022); Moniche-Bermejo (2022); Barkat et al. (2023); Crago
et al. (2023); Elder and Payne (2023); Li et al. (2023b,a); Lin and Okyere (2023); Luan et al. (2023)
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of oil and gas, grow more slowly, as they are susceptible to political corruption18 and violent
conflict19—although there are also papers highlighting flaws in the research.20

Unlike outages caused by the technical failure of energy production and transport, or power
generation and transmission, unrest, and conflict are hard to predict. Instead of objective
probabilities based on observed frequencies, we have subjective degrees of belief that, as
autocratic regimes are rarely transparent, are based on incomplete knowledge and under-
standing (Garćıa-Verdugo and Munoz 2012). Yet, as once again demonstrated by the second
Russian invasion of Ukraine in February 2022, geopolitical risks can, when realized, cause
great havoc in energy markets as the impacts are system-wide rather than location-specific.

Although some have argued that a shift away from fossil fuels would lead to a reduction
in geopolitical energy risks (Kemfert 2019), others point out that geopolitical risks would
change rather than disappear (Hache 2018) as discussed below.

5. Climate policy and transition risk

The energy trilemma has that we want energy that is reliable, affordable, and clean. Re-
liability and affordability together constitute energy security. The drive for cleaner energy
affects its reliability and affordability. In the current discourse, “clean” energy is seen as
carbon-free energy. There are other, perhaps larger environmental problems due to en-
ergy use—such as indoor air pollution, outdoor air pollution, and acidification—but these
primarily affect poorer countries and are not seen as global priorities.

The replacement of fossil fuels by renewable energy will, in the long run, lead to a more
reliable energy supply. Whereas thermal power plants are large and therefore few, wind
turbines and solar panels are small and therefore many. By the law of large numbers, a
large number of small power sources is less vulnerable to outages—be it due to mechanical
faults, natural disasters, or terrorist attacks—than a small number of large power sources.
Maintenance too is less disruptive.

On the other hand, solar and wind power are not dispatchable; power generation happens
when it does, rather than when it needs to happen. This is particularly a problem for wind
power. There is no solar power at night, but this is no surprise and can be solved with
short-term electricity storage, as demand drops rapidly mid-evening. Lulls in wind can last
for weeks, well beyond storage capacity, and may coincide with high demand—in Western
Europe, for instance, winter cold and low winds go hand in hand.

18Ross (1999); Sachs and Warner (2001); Jensen and Wantchekon (2004); Papyrakis and Gerlagh (2004);
Bulte et al. (2005); Hodler (2006); Mehlum et al. (2006b,a); Robinson et al. (2006); Boschini et al. (2007);
Brunnschweiler (2008); Kolstad and Søreide (2009); van der Ploeg and Poelhekke (2009); Torvik (2009);
Aslaksen (2010); Vicente (2010); Cavalcanti et al. (2011); Van Der Ploeg (2011); Williams (2011); Boschini
et al. (2013); Brollo et al. (2013); Betz et al. (2015); Havranek et al. (2016); Badeeb et al. (2017)

19Grossman (1999); Collier and Hoeffler (2005); Dunning (2005); Basedau and Lay (2009); Brunnschweiler
and Bulte (2009)

20Brunnschweiler and Bulte (2008); Alexeev and Conrad (2009); van der Ploeg and Poelhekke (2010);
Haber and Menaldo (2011); Smith (2015)
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Some argue that renewable energy is more secure because it is mostly generated in the home
country rather than imported.21 This argument is false. Foreign suppliers are not necessarily
less reliable than domestic ones. The argument rests on either xenophobia or the false belief
of being in control of what is happening in your own country.

Others argue that renewable energy is not secure because it relies on rare earths22 and de-
pends on foreign capital (Nakatani 2010). These arguments affect the speed of expansion of
renewables rather than their functioning once installed. Rare earths are essential for both
generation and storage. Their spatial concentration is a reason for concern. However, exist-
ing solar panels will continue to operate if the supply of rare earths is interrupted—unlike
thermal plants which cease to operate if their fuel runs out.

The same argument holds for capital. Renewable energy uses more capital per kilowatt-hour
than fossil energy and is, therefore, more exposed to movements of the interest rate and to
sanctions in the capital market. This argument holds for the financing of new renewables,
and for the refinancing of existing renewables. It does not hold for their operation. Operators
run their wind turbines and solar panels regardless of the interest rate. The same cannot
be said of thermal plants, which cease operation if the wholesale electricity price does not
cover the cost of fuel.

Hache (2018) argues that patents are another bottleneck—a country or company may deny
another country or company a license for the use of advanced technology. But, as with rare
earths and investment, withholding patents would decelerate the expansion of renewables
but would not stop existing renewables. And, anyway, legal niceties such as respect for
intellectual property rights rapidly go out of the window in case of conflict.

An expansion of nuclear power would also help to reduce climate change, but probably at the
expense of affordability and reliability. Taking the costs of accident prevention and waste
disposal into account, nuclear fission is not among the cheaper sources of electricity (Ahearne
2011). Nuclear power plants are large;23 unscheduled outages therefore threaten a reliable
power supply. The situation in France in 2022 is a reminder. While small modular reactors
are all the rage at the moment, these are in fact only somewhat smaller than a typical
gas-fired power plant. Nuclear power poses two unique challenges. An expansion of the
nuclear power supply large enough to have a notable effect on greenhouse gas emissions and
so climate change would require the building of nuclear power plants in currently unstable
countries. The first challenge is that the people who run a nuclear power plant, know how to
and have the material to build a dirty bomb. Second, as illustrated by the second Russian
invasion of Ukraine, it is a really bad idea to situate a nuclear power plant in a war zone.

However, while climate policy may make energy more reliable in the long run, this is not
necessarily the case in the short and medium term. Instability in the fossil-fuel producing

21See Wikipedia, UK Government, US Government.
22See UK Government, US Government
23Nuclear fusion plants would be larger still.
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regions is one concern, as the old regimes lose their power of patronage—and the restraint
to seek conflict with the buyers of their energy.

Another concern is the scale of investment needed, particularly if the ambitious goals set
out in the 2015 Paris Agreement and reaffirmed at 27th Conference of the Parties to the
United Nations Framework Convention on Climate Change at Sharm el-Sheikh in 2022 are
to be met.24 A rapid expansion of renewable energy by investors with a limited budget may
well lead to a lack of redundancy. Reliability would fall as a consequence.

A rapid transition to renewables risks stranding fossil fuel assets Davis et al. (2010); Tong
et al. (2019); Ansari and Holz (2020); Semieniuk et al. (2022); Ferentinos et al. (2023).
These studies estimate the global size and value of stranded assets, but only Tong et al.
(2019) provide substantial regional detail: 41% of the world’s committed emissions are in
the People’s Republic of China, 9% in India, and another 12% in other members of the Asian
Development Bank. Coleman et al. (2021) find that few asset managers in India are aware
of the possibility that their fossil fuel assets may be stranded and lose their value.

Asset stranding can be seen as an increase in redundancy, as delays between deactivation and
demolition can be long. The current energy crisis in Europe due to the Russian Federation’s
second invasion of Ukraine is indeed alleviated by previously mothballed power stations being
turned back on. However, the greater risk to energy security is the higher probability of
bankruptcy as companies have to retire assets before the end of their economic lifetime. This
leaves less money to invest within the energy sector and deters money from outside the sector
from flowing in. If governments bail out energy companies, the budget for energy support
falls—including investment in such things as peak capacity, transmission, interconnection,
and storage.

Besides the impact on the reliability of the energy supply, climate policy also affects the
affordability of energy.25 Climate policy necessarily makes energy more expensive, by a
little for lenient emission reduction targets and smart policy design, and perhaps by a
lot when targets are stringent and policies suboptimal. Energy is a necessary good; the
burden of higher energy prices, therefore, falls disproportionally on the poor. However, the
substitution away from fossil fuels reduces the return on capital and increases the demand
for labour and wages. Climate policy may thus be a relative benefit to the working poor.26

Estimates of the costs of climate policy vary widely between studies—predicting the future
is hard—but all agree that a uniform carbon tax leading to the complete decarbonization of

24See IEA.
25Chakravarty and Tavoni (2013) note that lifting 3.5 billion people out of energy poverty would raise the

global mean surface air temperature by 0.13℃ only.
26Rausch et al. (2011); Cullenward et al. (2016); Rausch and Schwarz (2016); Melnikov et al. (2017);

Rosas-Flores et al. (2017); Tovar Reaños and Wölfing (2018); Goulder et al. (2019); Metcalf (2019); Pizer
and Sexton (2019); Saelim (2019); Böhringer et al. (2021); Chepeliev et al. (2021); hn and Yonezawa (2021);
Garaffa et al. (2021); Landis et al. (2021); Mayer et al. (2021); Vandyck et al. (2021); Garćıa-Muros et al.
(2022); Wu et al. (2022)
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the economy by 2100 would be cheap, perhaps even too cheap to meter (Clarke et al. 2014;
Riahi et al. 2022). The costs can be reduced by the clever use of the revenues from carbon
taxes and emission permit auctions (Goulder 1995)—if those policy instruments are indeed
used. However, costs rapidly increase if a policy is suboptimal—multiple emission permit
markets, overlapping regulations such as a tax on top of tradable permits, unpredictably
fluctuating subsidies, or inappropriate technical standards (Boehringer et al. 2009). Costs
also increase rapidly if decarbonization needs to be completed well before 2100.

Climate policy affects energy access as well. Under pressure from donor countries and climate
activists, development banks and, increasingly, investment banks have stopped the financing
of fossil fuel projects in developing countries.27 In many parts of the world, coal-fired power
is the cheapest source of electricity. Restricting investment and driving up the price of
electricity reduces access, excluding more people and companies from using electricity and
the appliances that use electricity.

6. Discussion and conclusion

Measuring energy security is difficult, mostly because it consists of two conflicting parts—energy
reliability and energy affordability—both of which are easy to measure ex post but harder
to predict ex ante.

Providing energy security requires state intervention. Peak capacity is a public good, best
purchased in a reverse auction. Redundancy in transport and transmission network mo-
nopolies is best achieved by direct regulation. Across Asia and the Pacific, energy price
subsidies are large and widespread. Instead, policies on energy access and poverty should
focus on well-targeted income support and investment subsidies.

Because the supply of fossil fuels is spatially concentrated, political unrest in the areas of
production can have worldwide effects. Outside interference and the resource rents from oil
and gas exploitation may increase instability.

In the long run, climate policy and the replacement of fossil fuels with renewable energy
should reduce the geopolitical risks to the energy supply. In the medium term, however,
climate policy reduces energy affordability and, through asset stranding and bankruptcy,
may negatively affect reliability too. Asia holds the majority of potentially stranded assets.

As illustrated by the many references above, there is a vast amount of research on energy
security. Further research would be welcome in some areas. Indicators of the reliability
of the electricity supply are readily available, but lacking for other energy sources and
carriers. Internationally comparable indicators of energy access can be found, but not of
energy poverty. Research on policy interventions to increase energy access and reduce energy
poverty would proceed most fruitfully via field experiments, in which energy companies,
regulators, and academics collaborate to test which policies work well and which not so

27See World Bank, Asian Development Bank, and HSBC.
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well. Improved quantification of the probability of the outbreak of violent conflict would
be a great boon. We do not understand enough about the impact of asset stranding and
second-best climate policies.

Policy implications are implied in the above discussion. The key policy recommendation,
however, follows from the reality of the energy trilemma—the impossibility of energy that
is clean, reliable, and cheap. If policymakers push too hard on one dimension of the energy
trilemma, the other two will suffer. Energy policy, therefore, requires a careful and balanced
consideration of all options.
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