
1 Introduction to Global Energy

1.1 introduction to energy

Energy plays a fundamental role in our societies, as it does in our daily

life. Electricity allows the functioning of lighting systems, office

machines, as well as of household appliances and electronics. Oil

products enable transport, and therefore trade and commerce.

Industry depends on energy supply, as does agriculture. In practical

terms, without energy we would not be able to carry out basic daily

activities such as taking a hot shower in the morning, cooking our

breakfast, driving kids to school and then working on our computer,

possibly in an adequately air-conditioned office. That is, energy is

a key prerequisite for modern life.

But to allow all this, a complex energy infrastructure has to be put

in place, frequently linking faraway countries, if not even different con-

tinents. Primary energy resources like oil and gas are indeed unevenly

distributed round the globe, raising the necessity of transporting them

over long distances from the production well to the refuelling station

down the road or to the gas stove in our kitchen. Likewise, electricity

systems are also based on a complex infrastructure linking generation

plants – either fossil fuel or renewable based – and final consumers.

Governments have traditionally played an important role in the

energy sector, also driven by energy security and environmental pro-

tection concerns. Since energy is vital in our societies, governments

have to ensure the availability of energy without interruptions and at

an affordable price. This concerns national security. At the same time,

governments have increasingly become active in the sector with poli-

cies aimed at limiting energy’s negative externalities, both in terms of

air pollution and in terms of greenhouse-gas emissions –which causes
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climate change. The Paris Agreement on climate change is a clear

example of this activity.

In somedeveloping countries, governments do have an additional

task: expanding the access to modern energy. Today, around

840 million people across the world lack access to electricity, while

2.9 billion people (i.e., more than a third of the global population) do not

have access to clean cooking facilities – a situation that causes

every year 3.8 million deaths around the world due to the indoor air

pollution generated by dirty cooking stoves. Sub-Saharan Africa is the

global hotspot of this problem, as around 60 per cent of its population

lacks access to electricity, and 80 per cent lacks access to clean cooking

facilities (IEA et al., 2019). Bridging this modern energy gap represents

a fundamental prerequisite to unleash socio-economic development of

vast areas of the world, and for this reason energy access has become

a top priority of the international development agenda.

The purpose of this introductory chapter is to set the scene for

a fuller exposition of these issues in the chapters that follow. The

chapter is structured as follows. Section 1.2 provides an overview of

world’s energy markets focusing on main global and regional demand

and supply trends, and it introduces the notion of energy policy.

Section 1.3 looks at the climate change challenge in relation to energy.

Section 1.4 illustrates the challenge of energy access across the globe.

Section 1.5 opens up the energy geopolitics issue by looking at histor-

ical events and current problematics.

1.2 global energy trends

Global energy demand1 hasmore than doubled over the lastfifty years,

raising from 5,523 million tonnes of oil equivalent2 (mtoe) in 1971 to

1 Based on the International Energy Agency (IEA, 2019e) definition, global energy demand
indicates ‘the total amount of energy that is available to meet demand in a country or
region in a given period of time’. In IEA statistics, this corresponds to total primary energy
supply (TPES). TPES is calculated by the IEAby adding together primaryenergy production
and imports, and subtracting exports, bunker fuels, and changes in fuel stocks.

2 A tonne of oil equivalent is a normalised unit of energy. As defined by Eurostat (2019),
‘by convention it is equivalent to the approximate amount of energy that can be
extracted from one tonne of crude oil. It is a standardized unit, assigned a net calorific
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13,761 mtoe in 2016.3 This trend has mainly been the result of an

expanding global population (i.e., grown from 3.8 billion to 7.4 billion

between 1971 and 20164), alongside an expanding global economy (i.e.,

expanded fromUSD 20 trillion to 78 trillion between 1971 and 20165).

Energy demand has evolved differently across world regions, in

particular shifting from developed to developing countries. Between

1971 and 2016, the share of developed countries6 in global energy

demand fell from 61 per cent to 38 per cent, while the share of non-

OECD Asia (i.e., China, India, and smaller Asian countries like

Indonesia, Malaysia, and the Philippines) almost tripled, from

13 per cent to 35 per cent (Figure 1.1).
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figure 1.1 Share of global energy demand by region, 1971 and 2016
Source: author’s elaboration on International Energy Agency, World
Energy Balances database, accessed in June 2019.

value of 41,868 kilojoules/kilogram and may be used to compare the energy from
different sources’.

3 IEA, World Energy Balances database, accessed in June 2019.
4 World Bank, World Development Indicators database, accessed in June 2019.
5 World Bank, World Development Indicators database, accessed in June 2019.
6 ‘Developed countries’ are here defined as countries belonging to the Organisation for

Economic Co-operation and Development (OECD).
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This trend reflects the falling share of developed countries in

global gross domestic product (GDP) (i.e., from 81 to 63 per cent of

global GDP between 1971 and 2016) and, at the same time, the rising

share of China (i.e., from 3 to 15 per cent of global GDP between 1971

and 2016).7

It should also be outlined that developed countries have mana-

ged over time tomake better use of energy by enhancing their levels of

energy efficiency.While energy intensity (i.e., the indicatormeasuring

the amount of energy consumed to produce the same amount of

wealth, such as a unit of GDP) has decreased in nearly all world

regions, the strongest reductions have indeed occurred in developed

countries. This has been the result of an economic transition from

energy-intensive manufacturing to services, as well as of energy effi-

ciency enhancements. In 2016, developed countries used on average

12 per cent less energy per dollar of GDP than developing countries.8

Accounting for 22 per cent of global demand in 2016, China has

become the main energy-consuming country in the world, while the

United States rank second (with 16 per cent of global demand). India,

Russia, and Japan rank third, fourth, and fifth respectively. Together,

these five countries account for more than half of global energy

demand (Table 1.1).

Fossil fuels have historically been the cornerstone of the global

energy system, and they continue to be so today. Representing

81 per cent of global energy supply in 2016, fossil fuels have indeed

maintained almost unchanged their share in the global energy supply

mix throughout the last fifty years.

While remaining the dominant fuel, the share of oil in the global

energy supply mix fell from 44 per cent in 1971 to 32 per cent in 2016.

The share of coal has fluctuated at 27 per cent, while the share of

natural gas has grown from 16 per cent in 1971 to 22 per cent in 2016.

The share of nuclear energy rose from1 per cent in 1971 to 5 per cent in

2016. Hydro and biofuels havemaintained their positions in themix –

7 World Bank, World Development Indicators database, accessed in June 2019.
8 IEA, World Energy Balances database, accessed in June 2019.
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respectively at 2 per cent and 10 per cent, while other renewables such

as wind and solar have emerged, growing from 0 to 2 per cent of the

global supply mix between 1971 and 2016 (Figure 1.2).

Energy supply mixes greatly differ among world regions and

individual countries, also as a result of different energy resource

endowments. Differences are particularly pronounced in fuels mainly

utilised for electricity generation, such as coal, natural gas, hydro,

nuclear, and other renewables like wind and solar. In fact, given its

predominant role in transportation and its limited substitutability

with other fuels, oil is widely utilised across the world. To understand

this variety, let’s take into consideration the world’s top-10 energy-

consuming countries (Figure 1.3).

Coal covers 65 per cent of China’s energy demand andmore than

40 per cent of India’s demand. Both countries are endowed with large

coal reserves, and respectively contribute to 46 per cent and 9 per cent

Table 1.1 Global energy demand by country, 2016

Country Energy demand (Mtoe) Share in world energy demand

2016 2016 1971
China 2,958 22% 7%
United States 2,167 16% 29%
India 862 6% 3%
Russia 732 5% N/A
Japan 426 3% 5%
Germany 310 2% 6%
Brazil 285 2% 1%
Korea 282 2% 0.3%
Canada 280 2% 3%
Iran 248 2% 3%
Rest of the world 5,211 38% 44%
World 13,761 100% 100%

Source: author’s elaboration on International Energy Agency, World
Energy Balances database, accessed in June 2019.
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of global coal production (BP, 2018a). Natural gas covers around

70 per cent of Iran’s energy demand and around 50 per cent of

Russia’s energy demand. Not by coincidence, the two countries own

the world’s largest reserves of natural gas, with a share of respectively

17 per cent and 18 per cent of total global reserves. Hydro is particu-

larly important in the energy mixes of Brazil and Canada, two coun-

tries richly endowedwithwater resources. Brazil also stands out in the

field of biofuels; based on the country’s rich forest and energy crop

resources they contribute to more than 30 per cent of the country’s

energy mix. The utilisation of nuclear and other renewables such as

wind and solar energy widely differ among countries, but on the basis

of different energy policy choices rather than on the basis of different

natural endowments.

But what are the most energy-consuming sectors of the econ-

omy? To answer this question, it is necessary to look at another
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figure 1.2 Share of global energy supply by fuel, 1971 and 2016
Source: author’s elaboration on International Energy Agency, World
Energy Balances database, accessed in June 2019.

6 introduction to global energy

https://doi.org/10.1017/9781108861595.002 Published online by Cambridge University Press

https://doi.org/10.1017/9781108861595.002


indicator: totalfinal energy consumption. In fact, while the previously

utilised global energy demand indicator illustrates the overall energy

supply available for use in a country, the total final energy consump-

tion indicator shows the energy that is actually used by final consu-

mers – the energy used in homes, transportation, and businesses. This

introduces the concept of energy balance, which clarifies how energy

products are transformed into one another and ultimately used. The

various relationships among energy products are also outlined in an

energy balance. For this reason, the best way to appreciate an energy

balance is perhaps the one of representing it in a graphic manner

through a Sankey diagram which would offer a clear summary of the

main flows of energy in a certain territory, and how they ultimately

define its energy balance.

Such a diagram also highlights that substantial losses character-

ise the global energy system. That is, when energy is transformed

(e.g., when natural gas is burned to produce electricity) or transported
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figure 1.3 Share of energy supply by fuel in the world’s top-10 energy-
consuming countries, 2016
Source: author’s elaboration on International Energy Agency, World
Energy Balances database, accessed in June 2019.
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(e.g., when electricity is transmitted over long distances), energy

losses inevitably occur. A simple example of energy loss is provided

in our daily life by an incandescent light bulb, in which most of the

input energy is lost in the form of unwanted heat energy.

In terms of final energy consumption, industry has traditionally

been – and continues to be – the largest consuming sector in the world

(37 per cent of total final energy consumption in 2016), followed by the

transport sector (29per cent) and the residential sector (22per cent).Other

relevant consuming sectors are the commerce and public services sector

(8 per cent) and the agriculture and forestry sector (2 per cent).9

This introductory overview of the global energy system reveals an

important element: natural resource endowment plays a key role in

defining a country’s energy profile. Should a country be richly endowed

with a certain energy resource, itwould certainly try to exploit it asmuch

as possible in order to ensure a cheap and secure energy supply to its

citizens. Ideally, suchas in thecaseofoilornatural gas, itwouldalso try to

export it to globalmarkets inorder to get a rent out of it.A recent example

of this is represented by the shale gas revolution in theUnited States. Led

by new extraction techniques (i.e., hydraulic fracking and horizontal

drilling), since the early 2000s, the development of new sources of shale

gas in the United States has offset declines in production from conven-

tional gas reservoirs, completely reshaping the country’s energy mix. In

2006, coal provided 50 per cent of total electricity generation in the

United States, while gas accounted for less than 20 per cent. In 2016,

theshareof coalwas justover30percent,withnatural gasovertakingcoal

and rising to nearly 35 per cent (BP, 2018a). This is a clear illustration of

how energy resource endowment defines a country’s energy profile.

But other elements could also play a role in defining a country’s

energy profile. For instance, environmental considerations can lead

a country richly endowed with coal resources to stop using them in

order to reduce pollution. As another example, safety concerns can

lead a country to close downs its nuclear power plants.

9 IEA, World Energy Balances database, accessed in June 2019.
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All this suggests that a country’s energy profile is shaped by the

interaction of its natural resource endowment with another key ele-

ment: its energy policy. Energy policy can be defined as the way

adopted by a government to tackle energy development issues, includ-

ing production, distribution, and consumption. Energy policy can be

seen as a triangle, the three vertices of which are represented by three

major policy goals: security, cost-competitiveness, and environmen-

tal sustainability (Figure 1.4).

Energy security is defined by the IEA (2019d) as

The uninterrupted availability of energy sources at an affordable

price. Energy security has many dimensions: long-term energy

security mainly deals with timely investments to supply energy in

line with economic developments and sustainable environmental

needs. Short-term energy security focuses on the ability of the

energy system to react promptly to sudden changes within the

supply–demand balance. Lack of energy security is thus linked to

the negative economic and social impacts of either physical

unavailability of energy, or prices that are not competitive or are

overly volatile.

Energy cost-competitiveness relates to the cost of energy, and

therefore to the affordability of energy among the population. This

entails guaranteeing a level of energy prices that is both

Energy security

Environmental sustainability Energy cost-competitiveness

figure 1.4 The ‘energy policy triangle’
Source: author’s elaboration.
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internationally competitive and affordable for final consumers. Lack

of energy cost-competitiveness can undermine a country’s overall

economic competitiveness, and it can also push part of the population

into energy poverty.

Environmental sustainability relates to the reduction – or, ideally,

to the complete mitigation – of the damaging effects of energy explora-

tion, production, and consumption on the environment and on the

climate. Energy is indeed the major contributor to climate change and

to local air pollution, and it also contributes to other environmental

problems spanning from acid rains to water and soil pollution.

In an ideal world, these three components would be perfectly

balanced and countrieswould be able to offer their citizens a secure, cost-

competitive, and environmentally sustainable energy system. But, in

reality, difficult trade-offs exist between these three components and

governments have to make policy choices that will inevitably favour

one or two elements over the other(s). Just to give an example,

a government deciding to keep burning cheap and domestic coal to

ensure energy security and cost-competitiveness would implicitly com-

promise environmental sustainability. Delivering energy policies which

simultaneously address energy security, cost-competitiveness, and envir-

onmental sustainability could well be considered as one of the most

formidable challenges facing governments in the twenty-first century,

particularly in view of facing the existential threat of climate change.

1.3 energy and climate change

As stated by the G20 (2015, p.6) leaders, ‘climate change is one of the

greatest challenges of our time’. Energy production and use is by far the

main contributor to climate change, and for this reason energy and cli-

mate changemust be considered altogether, as two sides of the samecoin.

The most authoritative international scientific body on climate

change, the United Nations Intergovernmental Panel on Climate

Change (IPCC, 2011b, p.1), defines climate change as ‘a change in

the state of the climate that can be identified (e.g., using statistical

tests) by changes in the mean and/or the variability of its properties,
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and that persists for an extended period, typically decades or longer. It

refers to any change in climate over time, whether due to natural

variability or as a result of human activity.’ Albeit the earth’s climate

has changed throughout history,10 since the Industrial Revolution the

average climate has changed at an unprecedented rate. According to

the IPCC (2018, p.6), ‘human activities are estimated to have

caused approximately 1 degree Celsius of global warming above pre-

industrial levels’. This has been the result of increased human-made

carbon dioxide (CO2), methane (CH4), and nitrous oxide emissions

(N2O) – commonly referred altogether as greenhouse gases (GHG) –

into the atmosphere.

The physics of climate change is rather simple. As explained by

NASA (2019), ‘sunlight passes through the atmosphere andwarms the

earth’s surface. This heat is radiated back towards space. Most of the

outgoing heat is absorbed by GHG molecules and re-emitted in all

directions, warming the surface of the earth and the lower atmo-

sphere, allowing life in the planet’. That is, the earth does require

a certain level of this GHG effect. Without enough GHG effect, the

earth surface would indeed be largely frozen, with no possibility of

life. On the contrary, with too much GHG effect the earth would be

too hot to allow life. In short, also as pointed byNASA (2019), ‘in order

to maintain a stable climate and allow life, the earth must be in

a specific energetic equilibrium between the radiation it receives

from the sun and the radiation it emits out to space’.

The climate change problem emerged as, after the Industrial

Revolution, human activities such as fossil fuels combustion have

strengthened this GHG effect, ultimately causing global warming.

The large part of this warming occurred since the 1970s, with the six

warmest years on record taking place since 2010 (NASA, 2019). Not by

coincidence, between 1970 and 2014 global GHG emissions increased

by 92 per cent, driven by fossil fuel combustion (Figure 1.5).

10 According to NASA (2019), in the last 650,000 years there have been seven cycles of
glacial advance and retreat, with the abrupt end of the last ice age about 7,000 years ago
marking the beginning of the modern climate era.

1.3 energy and climate change 11

https://doi.org/10.1017/9781108861595.002 Published online by Cambridge University Press

https://doi.org/10.1017/9781108861595.002


G
tC

O
2-

eq
.

Gt CO2-eq /yr

0510152025303540455055

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
10

20
14

20
08

20
12

la
rg

e 
sc

al
e 

bi
om

as
s 

bu
rn

in
g

(o
nl

y 
fo

r 
C

H
4 

an
d 

N
2O

)

H
F

C
s,

 P
F

C
s,

 S
F

6

ot
he

r 
C

O
2,

 C
H

4 
an

d 
N

2O

w
as

te

ag
ric

ul
tu

re

in
du

st
ria

l p
ro

ce
ss

es

fu
gi

tiv
e 

em
is

si
on

s,
 v

en
tin

g
an

d 
fla

rin
g

fo
ss

il 
fu

el
 c

om
bu

st
io

n

fi
g
u
r
e
1
.5

G
lo
ba

lG
H
G

em
is
si
on

s,
19

70
–
20

14
So

u
rc
e:

In
te
rn

at
io
n
al

E
n
er
gy

A
ge

n
cy

,C
O

2
E
m
is
si
on

s
fr
om

Fu
el

C
om

bu
st
io
n
20

18
.A

ll
ri
gh

ts
re
se
rv
ed

.

https://doi.org/10.1017/9781108861595.002 Published online by Cambridge University Press

https://doi.org/10.1017/9781108861595.002


CO2 is the largest component of GHG emissions, accounting for

73 per cent of the total in 2014, followed by CH4 (19 per cent),

N2O (6 per cent), and other gases (2 per cent) (IEA, 2018a).

In 2014, the largest sources of GHG emissions were fossil fuel

combustion (68 per cent, mainly CO2), and agriculture (12 per cent,

mainly CH4 and N2O). Other sources of GHG were CO2 from indus-

trial processes (6 per cent, mostly cement production) and CO2 and

CH4 emissions from fuel production (6 per cent). Energy is therefore at

the core of the climate change problem, being responsible for

74 per cent of global GHG emissions (IEA, 2018a).11

Global GHG emissions have been driven by different regional

dynamics over time. Until 2000, the growth in emissions was largely

driven by developed countries, particularly led by the United States.

Since 2000, developed countries have generally decreased their

emissions,12 while emerging economies have largely increased their

emissions. Since 2000, Asia has led global GHG emissions growth,

reaching a level of emissions twice that of the Americas and three

times that of Europe. China has been the key driver of this trend,

contributing to half of Asia’s emissions.

It should be outlined that at global level three-quarters of GHG

emissions are currently produced in only ten blocks, with the top-

three emitting ones – China, the United States, and Europe – contri-

buting to more than half of the world’s total emissions. Elsewhere,

a hundred countries emit altogether only 3.5 per cent of global GHG

emissions.

In December 2015, the 195 parties of the United Nations

Framework Convention of Climate Change (UNFCCC) adopted the

Paris Agreement, a global agreement aimed at ‘holding the increase in

11 This sums GHG emissions from fossil fuel combustion and GHG emissions from fuel
production.

12 Since 2000, Europe’s emissions have decreased by more than 10 per cent, with pro-
nounced decreases in the United Kingdom (–30 per cent), France (–20 per cent), Italy (–
20 per cent), Spain (–10 per cent), and Germany (–10 per cent). Meanwhile, the United
States’ emissions have decreased by 16 per cent (IEA, 2018a). These trends have also
been driven by the economic crisis, which in turn has led to a significant delocalisation
of industrial processes in developing countries.
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the global average temperature to well below 2 degrees Celsius above

pre-industrial levels and pursuing efforts to limit the temperature

increase to 1.5 degrees Celsius above pre-industrial levels, recognis-

ing that this would significantly reduce the risks and impacts of

climate change‘ (UNFCCC, 2015, p.3). The Paris Agreement is the

first-ever universal, legally binding, agreement on climate change. Its

predecessor, the Kyoto Protocol, was indeed based on a principle

of common but differentiated historical responsibilities, which put

the obligation to reduce GHG emissions only on developed countries.

The Paris Agreement thus represents a coherent response to the

new regional GHG emissions dynamics which have emerged

since 2000.

However, notwithstanding this unprecedented global commit-

ment, theworld is not yet on track to combat climate change. Between

2015 and 2016, global GHG emissions were flat, but they rose again in

2017 and 2018, each year marking a new all-time high (WMO, 2019).

Given these trends, scientists estimate the world to be currently on

track for a temperature rise of 3 degrees Celsius by the end of the

century (IPCC, 2018), a level which would imply higher frequency of

extreme weather events, more crop losses, more water shortages,

more inundated coastal cities (e.g., from The Hague to Rio de
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figure 1.6 Global energy supply and CO2 emissions from fuel
combustion, 2016
Source: author’s elaboration on International Energy Agency (2018a).
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Janeiro, from Hong Kong to Venice), more diseases and, in sum, more

suffering for millions of people.

Given energy-related CO2 emissions are significantly responsi-

ble for the problem, responding to climate change requires

a revolution of the current global energy system. For instance, it is

clear that the world’s reliance on the most-polluting fossil fuel, coal,

should urgently be addressed. Coal indeed contributes to 27 per cent of

global energy supply, but to 44 per cent of global CO2 emissions from

fuel combustion (IEA, 2018a) (Figure 1.6).

The profound global energy system transformation required to

tackle climate change is generally named global energy transition, to

indicate the progressive shift from fossil fuels to the clean energy

sources necessary to substantially reduce GHG emissions and avoid

a dangerous rise in global temperatures.

1.4 energy access

Energy is a key enabler of human activities and providing access to

affordablemodern energy services represents a key prerequisite for elim-

inatingpoverty and reducing inequalities.Theprovisionof basic services,

spanning from clean water provision to healthcare, depend on energy

availability. Likewise, there cannot be development without the activ-

ities enabledbyenergy – suchas, for instance, lighting, transport, heating,

or telecommunication. For this reason, the United Nations (2015, p.7)

included the achievement of ‘universal access to affordable, reliable,

sustainable and modern energy’ among the Sustainable Development

Goals at the core of its 2030 Agenda for Sustainable Development.

The IEA (2019f) definesmodern energy access as ‘the situation of

a household having reliable and affordable access to clean cooking

facilities and to a minimum level of electricity consumption which

is increasing over time’. Ensuring modern energy access to all repre-

sents the great social and economic challenge of our times: in 2017,

840million people across theworld indeed continued to lack access to

electricity, while 2.9 billion people continued to lack access to clean

cooking facilities (IEA et al., 2019).
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Thanks to substantial efforts across developing countries, the

global electrification rate increased from 83 per cent in 2010 to

89 per cent in 2017. As illustrated by the IEA et al. (2019, p.4),

[E]lectrification efforts have been particularly successful in Central

and Southern Asia, where 91 per cent of the population had access to

electricity in 2017. Access rates in Latin America and the Caribbean,

as well as Eastern and South-eastern Asia, climbed to 98 per cent in

2017. Among the 20 countries with the largest populations lacking

access to electricity, India, Bangladesh, Kenya, and Myanmar made

the most significant progress since 2010. Sub-Saharan Africa

remains the region with the largest access deficit: here, 573 million

people – more than one in two – lack access to electricity.

Not by coincidence, Sub-Saharan Africa is home tofifteen out of

the twenty world’s countries with the lowest electrification rates

(Figure 1.7). In particular, Burundi, Chad, Malawi, the Democratic

Republic of Congo, and Niger are the five countries in the world

with the lowest electrification rates.

According to the IEA et al. (2019, p.6), ‘the share of global

population with access to clean cooking fuels and technologies

increased from 57 per cent in 2010 to 61 per cent in 2017. However,

in 2017 almost 3 billion people continued to lack access to clean

cooking across the world’. Central and Southern Asia, Eastern and

South-easternAsia, and sub-SaharanAfrica account for themajority of

the population lacking access (Figure 1.8).

In sub-Saharan Africa, the number of people without access to

clean cooking keeps rising as a result of strong population growth out-

pacing clean cooking access progress. Across the continent, the popula-

tion lacking access indeed increased from less than 750 million in 2010

to around 900 million in 2017 (IEA et al., 2019). In contrast, in the same

period of time, Asia showed substantial progress relative to population

growth. India and other developing countries in Asia have indeed made

substantial progress in the field, employing differentmethods depending

on the national context (e.g., liquefied petroleum gas in India; natural gas
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grid expansion in China). It should be noted that, globally, a strong

urban–rural divide exists in this field: the rate of access to clean cooking

fuels and technologies remains at 83 per cent in urban areas, while it

stands at only 34 per cent in rural areas (IEA et al., 2019).

Providing universal access to electricity and clean cooking would

have great benefits for the living standards as well as for the economic

prospects of the people currently lacking access. The case of electrifica-

tion is illustrative of how the lack of energy access represents a major

stumbling block for socio-economic development. Any developed coun-

try has required secure access to electricity to foster its economic devel-

opment. In developing countries, electricity access is key to improve

health conditions, increase productivity, enhanceoverall economic com-

petitiveness, and ultimately promote economic growth and poverty

reduction. Expanding electricity access indeed increases time spent in

income-generating activities, especially outside the agricultural sector.

Expanding access to electricity also increases the number ofmanufactur-

ing firms, their productivity, and their revenues (Bonan et al., 2017).

The case of clean cooking is illustrative of the social character of

energy access. In developing countries, women and children are often in

charge of collecting firewood, an activity that is estimated to take on

average an hour and half per day. This substantial amount of time could

be rather used for education or for productive activities, boosting chil-

dren’s education as well as women’s empowerment. Furthermore,

each year across the globe, around 3.8 million people die prematurely

from illness attributable to indoor air pollution generated from these

cooking practices (WHO, 2018).13 Given women and children the ones

spending more time indoors, they are the first victims of this phenom-

enon. Expanding access to clean cooking would lower this morally

unacceptable premature death toll, and enhance the living conditions

of the most vulnerable.

13 According to the WHO (2018), among these 3.8 million deaths: (i) 27 per cent are due to
pneumonia; (ii) 18 per cent from stroke; (iii) 27 per cent from ischaemic heart disease; (iv)
20 per cent from chronic obstructive pulmonary disease; and (v) 8 per cent from lung
cancer.
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Solving these issues represents a fundamental prerequisite to

unleash developing countries’ economic potential. Given the order of

magnitude of the challenge, only a joint effort of interested countries

and of international public and private players could provide

a comprehensive solution. This is already being demonstrated by

a number of initiatives currently ongoing across the developing world,

but in order to meet the United Nations’ goal of ensuring universal

access tomodern energy to all by 2030,much stronger action is required.

1.5 energy geopolitics

Energy has long shaped global geopolitics, determining great powers,

alliances, and outcomes of wars. Every international order in modern

history has been based on an energy resource: coal was the backdrop

for the British Empire in the nineteenth century, oil has been at the

core of the subsequent ‘American Century’, and today many expect

China to become the twenty-first century’s world renewable energy

superpower (IRENA, 2019a).

Since World War I, oil has undoubtedly represented the corner-

stone of global energy geopolitics. The decision of then-First Lord of

the Admiralty Winston Churchill to shift the power source of the

Royal Navy’s ships from coal to oil in order to make the fleet faster

than its German counterpart truly signaled the opening of a new era.

The switch from the reliable coal supplies fromWales to the insecure

oil supplies from what was then Persia, not only made the oil-rich

Middle East a key epicentre of global geopolitics, but also turned oil

into a key national security issue (Yergin, 1990).

Since the early twentieth century, control of oil resources

played a central role in several wars. This was, for instance, the case

of the 1967–70 BiafranWar, the 1980–8 Iran–IraqWar, the 1990–1Gulf

War, the 2003–11 Iraq War, and of the conflict in the Niger Delta

ongoing since 2004 (Yergin, 2011).

The second half of the twentieth century also saw increasing

tensions between oil producing and consuming countries, which in

two cases erupted in major oil crises. In September 1960, the
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Organization of Petroleum Exporting Countries (OPEC) was estab-

lished in Baghdad, with the participation of five member countries:

Saudi Arabia, Iraq, Iran, Kuwait, and Venezuela.14 The original aim of

OPEC was to prevent its members from lowering the price of oil, by

coordinating their production and export policies. During the 1970s,

some of OPECmembers also had the aim of nationalising their petro-

leum resources to preserve sovereignty.

OPEC’s geopolitical role of became clear as the Arab–Israeli

War – also known as Yom Kippur War – erupted in October 1973.

Arab members of OPEC imposed an embargo against the United

States, the Netherlands, Portugal, and South Africa in retaliation of

their support to Israel. A ban of oil exports to the targeted countries, as

well as oil production cuts, were introduced byOPEC. This resulted in

a sharp rise in oil prices, and in severe oil shortages and spiralling

inflation across theWest. AsOPECkept raising prices in the following

years, its geopolitical and economic power grew.

In the aftermath of the 1973 oil crisis, and upon proposal of then-

US Secretary of State Henry Kissinger, the IEA was established in

November 1974 as a platform for oil-importing countries in the West

to coordinate a shared response to major disruptions in the supply of

oil.15 This also allowed the introduction of a requirement for all IEA

member countries tomaintain strategic petroleum reserves equal to at

least ninety days of their previous year’s net oil imports.16

14 Other countries have since been added: Libya (1962), United Arab Emirates (1967),
Algeria (1969), Nigeria (1971), Ecuador (1973), Gabon (1975), Angola (2007), Equatorial
Guinea (2017), Democratic Republic of the Congo (2018). Indonesia, which joined in
1962, left the organisation in 2007. Qatar, which joined in 1961, left in 2019.

15 The original founding members of the IEA in 1974 were Austria, Belgium, Canada,
Denmark, Germany, Ireland, Italy, Japan, Luxembourg, the Netherlands, Norway,
Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States.
Joining in the following years were Greece (1976), New Zealand (1977), Australia
(1979), Portugal (1981), Finland (1992), France (1992), Hungary (1997), Czech
Republic (2001), Republic of Korea (2002), Slovak Republic (2007), Poland (2008),
Estonia (2014), and Mexico (2018).

16 Interesting insights on the IEA’s inception and early developments can be found in
Kissinger (2009).
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A second oil crisis erupted in 1979, as a result of the Iranian

revolution and the following 1980–8 war with Iraq, which brought the

region into turmoil. By 1981, the price of oil stabilised at USD

32 per barrel, a level ten times higher than before the 1973 oil crisis

(BP, 2018a).

In the following decades, other oil price shocks occurred, nota-

bly in relation to major geopolitical developments in the Middle East.

For instance, in 1990, an oil price shock took place in the aftermath of

the Iraqi invasion of Kuwait, with a doubling of oil price in a matter of

a few months that contributed to the early 1990s recession in the

United States.

But energy geopolitics is not limited to oil. Natural gas, nuclear

energy, and even renewable energy sources such as wind and solar do

have – more or less critical – geopolitical aspects.

In certain areas of the world natural gas is even considered to be

more geopolitical than oil. This certainly is the case of Europe, where

natural gas markets have been developed since the 1960s on the basis

of large pipeline infrastructures connecting key suppliers such as

Russia and Norway to European consumers. This situation has led

to Europe’s over-reliance on a fewmajor suppliers. In 2017, natural gas

imports from Russia still provided a third of Europe’s total natural gas

supply mix (EIA, 2018a).

For decades, this situation has not raised energy security con-

cerns in Europe. During the 1970s and the 1980s, in the midst of the

Cold War, Europe decisively pursued the construction of the long

pipelines connecting the large Siberian natural gas fields and Europe,

which still today represent the main avenues of Russian natural gas

export. Europe pursued these projects notwithstanding the strong

opposition of the Reagan Administration, which even sanctioned

German and French companies engaged in the construction of the

‘Brotherhood’ pipeline, which still today represents the major natural

gas supply route to Europe (European Parliament, 2016).

The (over-)reliance on Russian natural gas supplies started to be

considered as a major geopolitical threat in Europe when, first in
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January 2006 and then in January 2009, natural gas pricing disputes

between Russia and Ukraine led to the halt of Russian natural gas

supplies to Europe via Ukraine – its primary transit route. This caused

economic damages to Europe, notably in Southeastern European

countries heavily dependent on Russian natural gas for both electri-

city generation and residential heating. Europe responded to these

natural gas crises by adopting an energy security strategy mainly

focused on reducing its dependency on Russian natural gas supply.

In the midst of the 2014 Ukraine crisis, concerns about a potential

politically motivated disruption of all European natural gas supplies

from Russia lifted this issue to the top of the European agenda again,

leading to renewed efforts to lower the European dependency on

Russian natural gas supply under the umbrella of the European

Union (EU)’s ‘Energy Union’ initiative (Tagliapietra and Zachmann,

2016).

Nuclear energy presents both security and geopolitical con-

cerns. Issues like safety of nuclear facilities and nuclear waste

management represent serious security concerns. The concerns for

nuclear safety have particularly amplified after the Chernobyl acci-

dent in 1986 and the Fukushima disaster of 2011. These events

sparkled, particularly in Europe and in Japan, broad public debates

on nuclear energy. In certain cases, these debates led to radical energy

policy shifts. For instance, after the Chernobyl accident, Italy held

a referendumonnuclear power,which resulted in the decision to close

down all operating nuclear power plants in the country. More

recently, after the Fukushima disaster, a surge of anti-nuclear protests

in Germany pushed Chancellor Angela Merkel to announce the

closure of around half of the operating reactors in the country and

the complete phase-out of nuclear by 2022. These concerns have been

most recently accompanied by the emergence of new risks concerning

potential terrorist attacks at nuclear power plants.

From a geopolitical perspective, proliferation is the main risk

associated with nuclear energy. Elements of the nuclear fuel cycle can

in fact be used to develop nuclear weapons, either through uranium
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enrichment or through reprocessing (i.e., the separation of plutonium

from the highly radioactive spent fuel). It was precisely the close link

between the civil and military use of nuclear energy that led to the

establishment in 1957 of the International Atomic Energy Agency

(IAEA), a United Nations organisation tasked with promoting the

peaceful use of nuclear energy. In 1968 (i.e., in the midst of the Cold

War), the General Assembly of the United Nations also approved the

Nuclear Non-Proliferation Treaty, aimed at the disarmament of coun-

tries with nuclear weapons, as well as at the prevention of nuclear

weapons adoption by countries still without them.

Finally, it should be underlined that energy geopolitics is here to

stay even in a low-carbon world. A radical transformation of the

current global energy architecture would indeed have profound geo-

political implications. First of all, a large-scale shift to low-carbon

energy would disrupt long-lasting socio-economic models, notably

in oil and gas producing countries. For instance, producing countries

in theMiddle East and North Africa (MENA) are still overly reliant on

the oil and gas rent. Notwithstanding the adoption of elaborate eco-

nomic diversification strategies, countries in the region have

struggled to diversify their economies, and this might represent an

element of vulnerability in times of global energy transition

(Tagliapietra, 2017a). Secondly, it is important to outline that the

rapid development of wind and solar energy, alongside electric cars,

has recently sparkled concerns over the potential security of supply

risks related to the minerals underpinning the low-carbon transition.

These concerns certainly echo the broader energy security risks

associated to oil and gas resources, but they also reflect past experi-

ences of mineral supply disruptions, such as the 1978 ‘Cobalt crisis’.

As today, at the time, the Democratic Republic of the Congo (DRC,

then named Zaire) was the world’s leading producer of cobalt. In

May 1978 a conflict broke out in the copper-cobalt–rich province of

Katanga, as a separatist militia tried to force the province’s secession

from the regime of Mobutu Sese Seko. The political unrest caused

a global cobalt supply shortage, leading international cobalt price to
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more than quintuple. Should something similar happen today, the

consequences for the global supply chains for electric cars would be

substantial. Cobalt is indeed a key component of electric cars’

batteries, which are themselves the core components of electric cars.

This is just an example of how the minerals underpinning the low-

carbon transition (e.g., just to mention few of them, cobalt, lithium,

graphite, nickel, rare earths) are likely to have their own geopolitical

risks, exactly as oil and gas have had their own ones.

1.6 key takeaways

Global Energy Trends

& Energy is a key prerequisite for modern life and is the lifeblood of modern

societies.
& Global energy demand has more than doubled over the last fifty years.
& Led by China, global energy demand growth shifted from developed to

developing countries.
& Coal, oil, and natural gas continue to provide 80 per cent of global energy

supply.
& Wind and solar energy currently contribute to just 2 per cent of global

energy supply.
& Energy supply mixes greatly differ among countries, also due to different

resource endowments.
& Energy policy has three aims: security, cost-competitiveness, and

environmental sustainability.

Energy and Climate Change

& Climate change: energy is responsible for about 70 per cent of global

greenhouse-gas emissions.
& Until 2000, global emissions were driven by developed countries; after, by

emerging countries.
& Among all fuels, coal is by far theworst offender as far asCO2 emissions are

concerned.
& The Paris Agreement aims at holding the increase in global temperature to

well below 2 degrees Celsius.
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& The world is currently not on track to meet the targets set under the Paris

Agreement.

Energy Access

& Energy access is a key prerequisite for eliminating poverty and reducing

inequalities.
& 840 million people lack access to electricity, notably in sub-Saharan Africa.
& A US refrigerator consumes ten times more electricity than a person in

many African countries.
& 2.9 billion people lack access to clean cooking facilities, notably in Asia

and Africa.
& 3.8 million people die prematurely every year due to indoor air pollution

associated with cooking.

Energy Geopolitics

& Energy has long shaped global geopolitics, defining great powers, alliances,

and wars.
& Oil has been at the centre of the twentieth-century international relations.
& In Europe, natural gas is viewed as being even more geopolitical than oil,

notably due to Russia.
& Nuclear energy presents both security and geopolitical concerns, such as

proliferation.
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