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fuel poverty
would you choose heating over eating? 

More than 30% of excess winter deaths* were directly related to cold 
housing in Europe in 2011. —WHO (2011)
*winter deaths minus average non-winter deaths
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fuel poverty
Countries with cold winters require home heating 
for comfort and health. For the poorest households, 
the cost of heating uses a significant proportion of 
their income. In the UK, when paying for fuel leaves 
a household with an income below the national 
poverty line, that is fuel poverty. This is associated 
with increased deaths within the most vulnerable 
populations (Fig 1). 

America’s lower- and middle-income families are 
also being hit by rising energy prices and declining 
family incomes (Fig 2). The social implications of 
fuel poverty are drastic, especially for children, the 
elderly and those with disabilities or suffering from 
long-term illness. They include educational under-
achievement, social exclusion and physical and 
psychological ill health.

Fuel poverty is linked to poor housing stock, 
inadequate insulation and inefficient heating 
systems. Income support, fuel subsidies and other 
energy assistance programmes are used to assist. 
Making homes more energy efficient is an effective, 
important and urgent component of any strategy to 
reduce fuel poverty and its consequences.
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Fig 1: Excess UK winter deaths attributed to cold housing
[Association For The Conservation of Energy, 2015]
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Fig 2: Percentage of US income spent on home and 
transport energy in 2012. 29% of households earn 
less than $30,000 
[ACCC, 2015]
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Nearly one-fifth of the world’s population, more than a billion people, had no 
access to electricity in 2015. —ONE (2016)

electricity access
what does electricity allow you to do?
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Fig 1: Proportion of African population without access 
to electricity in 2012 
[IEA, 2016]

Fig 2: Literacy improvements with household  
electrification in rural India
[Tohoku University, 2008] 
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electricity access
About 1.3bn people, almost 20% of the global 
population, still have no access to electricity, and 
most Sub-Saharan African countries have national 
electrification rates below 50% (Fig 1). Lack of 
electricity is a barrier to development and prosperity 
that severely effects quality of life, increases death 
rates and represses economic growth. More than 
4m deaths per year, mainly women and children, are 
caused by inhaling smoke and fumes from wood 
and dung used to heat homes and cook meals. 
The provision of electricity for lighting, running 
household appliances and operating equipment can 
free large amounts of time for labour and to promote 
better health and education (Fig 2), which can 
ultimately lift people out of extreme poverty.

Business growth is also dependent on access to  
affordable and reliable lighting and power. 
Countries with electrification rates of less than 80% 
of the population consistently suffer from reduced 
economic activity, owing to a lack of investment 
and employment opportunities. Without access 
to a reliable electricity grid, businesses must use 
expensive diesel generators. In the past decades, 
China has successfully extended modern electricity 
access, a key contributor to its rapid economic 
development. 02

Electrification rate (%)
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affluence
how much do you consume? 

By 2030, Asia’s share of the global middle class will double from 30% to 
60+%, accounting for more than 40% of global middle-class consumption. 
—Reuters (2012)
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Fig 1: Growth in residential energy consumption 
[IEA, 2013]

Fig 2: Evolution of energy use in US homes showing an 
increase in appliances, electronics and lighting 
[US Energy Information Administration, 2009]
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affluence
The global middle class is expected to expand from  
2 to 5bn by 2030, exceeding half the world’s 
expected population. Rising standards of living will 
increase energy consumption, particularly in Asia, 
where middle-class purchasing power is growing 
most rapidly (Fig 1). Furthermore, by 2050, nearly 
70% of the world’s population is expected to live in 
cities. Households in urban environments tend to be 
smaller, using more energy per person for heating 
and cooling, household appliances and electronics. 
Together, growing urbanisation and affluence will 
contribute to increases in energy use in the residential 
sector, particularly in rapidly growing countries such 
as China, India and other parts of Asia and Africa. 

Global use of residential energy is expected to  
increase by 20% by 2050. This takes into 
consideration energy efficiency measures, without 
which a steep 50% rise could be expected. However, 
in the US, Japan and Europe, declines in residential 
energy use are projected through 2050, due to 
more energy efficient technologies and appliances 
as well as switching energy sources to electricity. 
It remains to be seen when energy increases in 
emerging economies will taper off, but many believe 
these countries will follow a similar pattern to the 
developed world, and start to level out by 2050. 03
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personal travel
how do you get around?

About 10% of the global population accounts for 80% of total motorized 
passenger-kilometres (p-km), with much of the world’s population hardly 
travelling at all. —IPCC (2014)
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Mobility is synonymous with personal liberty. Safe 
and reliable options enable us to make independent, 
flexible choices about how and where we live and 
work. In developing countries, rising affluence, 
urbanisation, improved road transport infrastructure 
and reduced vehicle production costs is changing 
how people travel (Fig 1). More affordable cars 
(passenger light duty vehicles) have enabled a rapid 
growth in ownership. There were more than 1.2bn 
cars on the world’s roads in 2015, and projections 
suggest this could rise to 2bn by 2035.

Car use contributes to congestion, noise and air 
pollution, especially in urban areas. The public 
provision of roads for cars is disproportionate to their 
use by a small section of the population. Car use 
also degrades roads for other users (e.g. cyclists and 
pedestrians), and discourages walking and cycling 
as a result. 

Comparing carbon emissions by mode (Fig 2), 
passenger air travel has the highest emissions 
per passenger-km. Globally, the aviation industry 
produces about 2% of all CO2 emissions. 

04

personal travel

Fig 1: Evolution of global travel as passenger-km  
by mode of transport, contrasting OECD and  
Asian countries 
[IPCC, 2014]

Fig 2: Global average and range of greenhouse  
gas emission intensity per passenger-km for  
different modes (2005)
[IEA, 2009]
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NIMBYism
local context or national need?

In 2015, the use of renewable energy received 78% support (5% opposed) 
from British people in a government survey. —Crown (2016)
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NIMBYism
National surveys reveal consistent support for 
renewables over conventional power generation 
(Fig 1). However, this opinion doesn’t necessarily 
prevail in communities affected by wind farm or 
solar panel construction. Protests are increasing 
the number of planning objections and delays (Fig 
2), giving rise to the term “NIMBY” (Not In My Back 
Yard) to represent this form of opposition. 

There are many reasons why local communities 
object. Visual impact is frequently cited for onshore 
wind, followed by loss of property value (perceived 
as well as actual), noise, flicker or the impact on 
birds and wildlife. Resistance might also be directed 
at the decision-making process, if neighbours feel 
that a national-level decision has been imposed.

Winning community consent is now acknowledged 
as essential for delivering green energy in the long 
term. Cooperative ownership and community 
energy schemes can help reduce opposition. 
They offer local people opportunities to invest 
in developments and receive benefits, such as 
discounted energy bills and revenue from the sale 
of energy outside the community.

05

Fig 1: UK survey response of “favourable” for electricity 
sources (2005–2013) 
[Ipsos MORI, 2015]

Fig 2: UK planning application rejection rates for 
onshore wind farms
[Clean Technica, 2015]
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dynamic demand
would you help reduce peak power?

Dynamic demand could save up to 1.2m tonnes of carbon in the UK  
by 2030. —Houses of Parliament (2014)
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Actual demand (without storage)

Effective demand (with storage)

Storage charges, buying power at lower 
overnight prices

Power at higher daytime prices

Effective (flattened) load

dynamic demand
Utilities have tried to use dynamic demand-side 
management since the first energy crisis of the 
1970s to reduce the reliance on traditional sources 
of power generation. But load shifting (in time) and 
load reduction are limited by measurement and 
verification, both time-consuming and expensive.

New technology transforms this outlook. “Smart 
meters” in homes alter the relationship between 
energy customers and suppliers. Suppliers could 
offer flexible pricing with time-of-use rates (Fig 1), 
enabling consumers to make informed decisions to 
adjust usage, such as when solar and wind energy 
are plentiful and rates are less expensive. Load 
shifting reduces peaks in electrical demand (Fig 2),  
enabling suppliers to operate generators more 
efficiently. There would also be less need for back-
up capacity and network reinforcement.

Smart metering verifies inducements for load 
reduction, so that “negawatts” have value and 
can be traded. Smart grid networks on open 
platforms allow third-party development of energy 
management applications. Curtailment and direct 
load control, currently only for the largest electricity 
users, could be extended to all commercial and 
industrial customers with smart metering. 06

Fig 1: Daily electricity demand and day-ahead power 
prices reflecting the cost of standby generation 
[EIA, 2012]

Fig 2: Demand management where charging and  
discharging of user’s electricity storage responds 
to hourly price variation (Fig 1) to flatten the  
effective demand (as “seen” by the generator) 
[EIA, 2012]

Po
w

er
 d

em
an

d 
(G

W
)

00:00 6:00 12:00 18:00 24:00

Da
y-

ah
ea

d 
po

w
er

 p
ric

e 
($

/M
W

h)

Time of day (hours)

80

70

60

50

40

30

20

10

0

60

50

40

30

20

10

0

Po
w

er
 d

em
an

d 
(G

W
)

00:00 6:00 12:00 18:00 24:00

Time of day (hours)

70

60

50

40

30

20

10

0

te
ch

no
lo

g
ic

al
en

er
g

y



grid parity renewables
should every home have solar panels on 
the roof?

In the US, the cost of residential and commercial solar photovoltaic (PV) 
systems fell an average of 6 to 7% a year from 1998 to 2013, and by 12 to 
15% from 2012 to 2013. —McKinsey & Company (2015)
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grid parity renewables
Renewable power was regarded as expensive and 
needing subsidies until the mid-2010s when  
costs started to fall dramatically (Fig 1). The goal 
for cost reduction is “grid parity,” when renewables 
can compete on an equal footing with conventional 
sources of generation.

Solar photovoltaics (PV) and wind power are 
capital intensive, while the cost of running fossil 
fuel generation is mostly fuel purchase. They can 
be compared using a “levelised cost of electricity” 
(LCOE), which includes a payback time, typically 
20 years for PV, and a prevailing interest rate for the 
investment. Fig 2 shows that for a LCOE for PV of 
1.4€/Wp (2014) and taking into account the solar 
conditions, this value is already less than the cost 
of electricity in many countries.

Solar technologies have the largest potential 
capacity, followed by wind power. Advances in 
technology and manufacturing still have potential 
for ongoing cost reductions. However, as 
renewables’ penetration into the grid increases, 
their generation intermittency must be addressed, 
such as by electricity storage and demand 
management.

07

Fig 1: 2015 US utility-scale electricity generation costs 
(mature renewables and conventional power)  
[Deutsche Bank, 2015]

Fig 2: Household electricity costs in 2013 (bubble 
height) to a LCOE of PV of 1.4 €/Wp depending 
on solar conditions (horizontal position) 
[Solar Novus, 2013]
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distributed generation
how far has your power traveled?

1.54GW of US micro-grid capacity in 2015 is set to grow to 3.71GW by 
2020, with an increasing proportion from renewables. —TGTM (2016)
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<8% >34%

distributed generation
Most power is produced by large, centralised 
plants and is transmitted over high-voltage cables 
to centres of demand, where local distribution 
networks deliver it to consumers. The amount of 
power lost between sources of supply and points of 
consumption averages 8% worldwide. In developing 
countries this can be higher than 20%.

Generation referred to as distributed means it is 
decentralised and connected to a distribution rather 
than transmission network. It incorporates more 
flexible generation technologies located close to the 
load they serve (e.g. small businesses/communities). 
This significantly reduces losses. Viable distributed 
generation technologies include small-scale 
renewables and combined heat and power, where 
the heat is used rather than lost in the cooling towers 
of centralised plants.

Combining distributed generation with real-time 
data provides opportunities for system optimisation. 
When consumers can actively manage their own 
demand and balance the load on the system, this 
reduces grid balancing costs. Distributed generation 
offers local system resilience and efficiency, reduced 
greenhouse gas emissions and lower cost extension 
of grids to unconnected communities.

Fig 1: Electric power transmission and  
distribution losses
[The World Bank, 2014]

Fig 2: Projected installation of distributed  
generation capacity
[Energy Manager Today, 2014]
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electricity storage
when will every home store electricity?

Battery research is proceeding at a steady pace. The average annual gain 
in capacity is typically 6%. —Newcastle Systems (2015)
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electricity storage
Electricity storage at grid scale is little used, with the 
only mature technology being the pumped storage 
of water. Increased grid-scale storage offers many 
benefits. For renewable generators, it solves the 
problem of intermittent generation. Currently, output 
from wind turbines and PV panels is curtailed when 
it exceeds demand. For conventional generation, 
storage enables peaks in demand to be met without 
having to keep spare capacity on idle or build more 
capacity. For the distribution system, storage prevents 
transformers from overheating at times of high load. 
All of these benefits reduce costs, increase reliability 
and improve the economics of renewable power.

Many approaches are in development. For storing 
electricity itself, there are scaled-up battery chemistry 
systems, capacitors and magnets. Other technologies 
include transforming electricity into compressed air, 
liquefied air, flywheel motion and high temperature 
heat (Fig 1). A major barrier to the mass uptake of this 
storage is the capital cost. A prime candidate is lithium-
ion technologies (Fig 2), whose costs have decreased 
by an average 14% year-on-year over 2007 and 2014.

Fig 1: Capital cost projected for developing 
technologies in comparison to established 
pumped-storage hydro
[IRENA, 2015]

Fig 2: Projected cost and demand for Li-ion batteries  
in electric vehicles
[Bloomberg, 2016]
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which hydrogen niche will succeed first?

The US produces about 9m metric tonnes of hydrogen annually, mostly for 
refining and chemical production. If used in fuel cells, it would be enough to 
power 20 to 30m cars or 5 to 8m homes. —Eco Global Fuels (2012)
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hydrogen
For many years pure hydrogen, as a gas or liquid, 
has held promise in energy systems as a store, 
a carrier and a converter at point-of-use in an 
engine or fuel cell, with only water as the product. 
Hydrogen has a range of production options (Fig 1)  
with differing levels of carbon impact. Current 
methods include chemical extraction from natural 
gas (methane) and using electricity to electrolyse 
water. Zero-carbon processes with future potential 
are direct solar splitting of water using light energy 
and biological production by microbes using 
sunlight or organic matter.

Hydrogen already fulfills some niche applications. 
In Germany, wind power generation that exceeds 
demand goes to electrolysis. The hydrogen produced 
is added into the distribution system for natural gas, 
though the level must be kept below 15% to avoid 
changing household appliances. Fuel cells powered 
by hydrogen are used in forklifts inside warehouses 
and provide reliable power backup for remote cell 
phone towers. Hydrogen fuel cell vehicles offer 
faster refuelling and longer ranges compared to 
battery electrical vehicles. Hurdles include producing 
hydrogen on large scale at reasonable cost, installing 
sufficient infrastructure for fuelling, improving on-
vehicle storage (Fig 2) and reducing vehicle cost. 10

Fig 1: Current and future methods for producing 
hydrogen fossil fuels, materials or water 
[Energy.gov, 2016]

Fig 2: Status of hydrogen storage technologies in 2008 
compared to 2010 US Department of Energy 
policy goals
[IOP, 2016]
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oil prices
how exposed is your business?

The marginal cost of oil production, which is the cost of producing  
one barrel, varies from a low of US$3 in Saudi Arabia to US$120 in the  
Russian Arctic. —Knoema (2016)
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Fig 1: International crude prices compared to global  
GDP growth (reduced growth tends to follow  
price spikes)
[Business Integrity Ltd., 2012, OECD, 2015,  
The World Bank, 2016]
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oil prices
The future price of oil is uncertain and its variability 
can crucially influence the health of any economy. 
Price spikes have arrived shortly before global 
economic recessions, as in 1973, 1979-80 and 
1990 (Fig 1), suggesting a causal relationship. A 
price dip, as in 2008, can also be a symptom of 
reduced economic activity rather than a cause.

Falling oil prices contribute to economic growth. Oil 
prices directly affect the cost of transporting goods, 
the production of materials based on oil products, 
and human travel. Business production and 
distribution costs decline, which boosts investment 
and employment. As cost savings are passed on 
to households, increased consumer spending is an 
additional boost to the economy. Lower transport 
costs change passenger travel and the dynamic 
of trade, making both exports and imports more 
attractive over long distances. In contrast, oil 
exporting countries often depend on tax revenues 
(Fig 2). The oil and gas industry is a substantial 
equipment buyer and employer, and low prices 
force cutbacks. Major oil companies are blue chip 
investments, and their falling share price impacts 
pension fund investors. Fig 2: Dependency on oil exports shown by oil rents 

(export price – production cost) as a proportion 
of GDP (2011–2015)
[World Bank, 2015]
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building performance
how much energy does your  
building waste?

The potential to reduce energy consumption in existing and new 
commercial buildings is enormous. On average, 30% of the energy used in 
commercial buildings [in the USA] is wasted.  
—Department of Energy, USA (2016)
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building performance
A significant percentage of all energy is consumed 
in buildings for heating, air-conditioning and lighting 
(Fig 1). Therefore, building design and operation is 
as important as the means of energy production. 
New buildings typically consume less than 50 kWh/
(m².y), while older buildings average 250 kWh/(m².y).

In addition to how occupants use buildings, 
numerous factors play a part. Insulation and 
controlled ventilation manage heat loss, while 
solar shading and natural ventilation manage heat 
gain. Appropriately placed glazing and LED lamps 
reduce lighting loads. Modern control electronics 
reduce power loss of pumps and motors. Building 
standards (e.g. Passivhaus) and certifications (e.g. 
LEED and BREEAM) assess, rate and certify the 
sustainability of buildings, and are seen as positive 
green marketing tools. 

Buildings are long lived, and replaced at typically 
1% per year. Existing buildings often need 
ambitious and intrusive retrofits to improve their 
performance, taking them out of operation for long 
periods or inconveniencing homeowners. Once 
efficiency measures scale up, the twin benefits of 
cost reduction and greater familiarity will enable 
them to become the norm. 12

Fig 1: How energy is used across buildings in the US  
in 2011 
[United States Department of Energy, 2011]
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should the polluter pay? 

A revenue-neutral carbon tax in the US, where income is used to 
subsidize energy costs to consumers, could increase GDP by  
US$1.3tr by 2035. —REMI + Synapse (2014)
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carbon pricing
Carbon taxes can artificially raise the cost of 
fossil fuels responsible for CO2 emissions. This 
tax approach leaves details of how and when to 
switch from fossil fuels to low-carbon alternatives 
to the market. Companies can avoid tax liability 
by investing in energy efficiency and low-carbon 
energy. Government tax income would be revenue 
neutral when used to reduce higher energy prices 
on lower income households, soften the impact 
on coal workers, or simply reduce other taxes. 
However, the tax might impact economic growth, 
and also there is no control on the amount of 
carbon emitted. 

An alternative is a cap-and-trade market. Total 
emissions are capped, with emitters free to buy and 
sell emission permits in a market. Many countries 
have implemented one or both schemes (Fig 1).

Difficulties exist, however. The price can vary  
(Fig 2), causing investment uncertainty. If a cap is 
set too high, the market price will be too low for any 
influence. Trading nations need similar schemes to 
avoid competitiveness issues. Negotiations can be 
slow. Political support can also wane, like in 2014 
when Australia repealed its carbon tax. 

13

Fig 1: Implementation of carbon tax and cap-and-trade 
schemes (2015) 
[WRI, 2015] 

Fig 2: Price of carbon in the EU Emissions  
Trading System
[www.man.com, 2015]

Carbon tax implemented or scheduled for implementation

Cap-and-trade implemented or scheduled for implementation

Both

0

15

20

25

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

10

5

Ca
rb

on
 s

po
t p

ric
e 

(€
/C

O
2e

-t
on

ne
)

ec
o

no
m

ic
en

er
g

y



c
 T

on
y 

W
eb

st
er

 

divestment
are you underwriting the carbon economy?

In 2015, 500+ institutions representing more than US$3.4tr in assets 
committed to divest from fossil fuels investments. —350.org (2015)
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Fig 1: Divestment of US$2.6tr from fossil fuel 
companies (436 institutions and 2,040 
individuals) in 2015 
[Arabella Advisors, 2015]

divestment
Divestment is about selling assets specifically as 
a business strategy or for social goals. Started by 
university students in the US in 2011, the campaign for 
divestment from fossil fuels has gathered support from 
thousands of institutions and individuals around the 
world, including high profile backers such as Norway’s 
Sovereign Wealth Fund and the Church of England.

The campaign began by arguing the moral and 
environmental imperatives of keeping fossil fuel 
reserves in the ground to avoid dangerous global 
climate change and discourage companies from 
profiting from ecological degradation. As the campaign 
has grown, reputational impacts and financial 
incentives have added to these pressures. 

Quantifying the economic impacts remains  
challenging, as short-term discounts in share prices  
may be acquired by neutral investors, counterbalancing 
the effects of divestment. However, the campaign 
is undoubtedly gaining prominence and influence, 
creating widespread debate on how money (e.g. from 
pensions) is and should be invested.

14
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which renewables generate their build  
energy soonest?

The environmental lifecycle assessment of 2-megawatt wind turbines with a 
working life of 20 years will offer a net benefit within 5 to 8 months of being 
brought online. —WUWT (2014)

ec
o

no
m

ic
en

er
g

y



Fig 1: Energy return on invested (EROI) ratios 
for ethanol and diesel from bio-sources 
(switchgrass and algae only in development) 
[HLPE, 2013] 

Fig 2: How the energy payback time (EPBT) of 
multicrystalline silicon PV varies across Europe, 
depending on annual sunshine levels (irradiation) 
[Fraunhofer ISE, 2013]
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energy payback
Embodied energy is the energy consumed in making 
a product. This is based on a life-cycle analysis 
of all the raw materials. For any energy-providing 
products, it is essential that their value is lower 
than the total energy they contribute, otherwise 
they are not fulfilling their purpose. This condition 
is expressed by either energy return on energy 
invested (EROI) or energy payback time (EPBT). 

EROI analysis is appropriate for biofuels (Fig 1) 
where the ratio needs to be greater than 1. While 
sugar cane ethanol in Brazil has a high return, corn 
ethanol in the American Midwest has a poorer return 
due to its high use of agri-chemicals, processing 
and transportation.

EPBT is appropriate for capital-intensive 
renewables. Wind turbines in windy locations 
typically pay back in around 6 months. Sunny 
climates enable short payback times for solar 
technologies (Fig 2). The trend in manufacturing 
thinner photovoltaics using less material contributes 
to reducing their payback time. Marine technologies 
tapping into the tides and waves have to survive 
the harsh environment. Their heavy build leads to 
payback times of 7 years or more.
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what legacy will we leave behind?

Nuclear plants supply more than 11% of the world’s electricity. The world 
produced as much electricity from nuclear energy in 2015 as it did from all 
sources combined in 1960. —NIA (2016)
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Fig 1: Level of radioactivity of isotopes in high-level 
radioactive waste and its decay over time to 
safe levels 
[EGU, 2015] 

Fig 2: Layout of deep geological facility for disposal of 
high-level nuclear waste 
[European Community Research, 2004] 

Bq
/k

g 
U 

W
as

te

1E+13 

1E+12 

1E+11 

1E+10 

1E+09

1E+08 

1E+07 

1E+06 

1E+05 

1E+04

1E+03 

1E+02

137Cs
90Sr

238U
129I

240Pu

Total radiation over time

239Pu

93Zr
135Cs

242Pu

244Cm
99Tc

14C
243Am

36Cl
3H

1 10 100 1,000 10,000 100,000 1M 10M

Time (years)

Radioactivity equivalent to a kilogram of coffee

Buffer

Additional 
container

Conditioned waste 
in container

Underground
tunnels

Access
shafts 20

0 
/ 1

00
0m

Surface
facilities

241Am

radioactive waste
Radioactive waste is a necessary by-product of 
nuclear power generation. The radiation given 
off by this type of waste can be damaging to the 
environment and human health, requiring careful 
containment and disposal. Waste needs to be safely 
stored until it decays to an acceptable concentration, 
comparable with natural background radiation levels.  

Radioactive waste is categorised according to its 
radioactivity and heat generation characteristics. 
Though low-level waste comprises the largest 
volume of waste, its treatment and storage is well 
managed, often in specially designed landfill type 
facilities. Intermediate and high-level wastes are 
more difficult to deal with (Fig 1). Three options for 
storage exist, each with their own challenges and 
complexities: 1) in a deep underground geological 
repository (Fig 2), 2) near surface disposal, and  
3) above ground in secure storage. Waste can also 
be reprocessed to reduce the amount of high-level 
waste prior to storage.  

Finland’s Olkiluoto disposal facility, scheduled to 
open in 2020, is one of the first deep underground 
geological repositories for high-level waste. Once 
full and closed off it is intended to remain sealed for 
100,000 years. 16
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are some areas too special to develop?

The US Geological Survey estimates that around 13% of the world’s 
undiscovered oil could lie north of the Arctic Circle. —Science (2009)
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Fig 1: Area north of the Arctic Circle has an estimated 
90bn barrels of undiscovered oil  
[US Geological Survey, 2008]
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extreme production
Production from existing oil and gas reserves is 
declining while global demand continues to rise. 
Attention has turned to new areas of production, but 
there are issues of environmental sensitivity in the 
Virunga National Park in the Congo Basin, waters 
along the US Atlantic seaboard, the Arctic National 
Wildlife Refuge (ANWR) in Alaska and the Arctic. A 
large blowout in Santa Barbara in 1969 prompted a 
California moratorium on offshore drilling, which is 
still in place. 

In 2015, President Obama sought wilderness 
protection for the ANWR while opening the Atlantic 
coast to unprecedented drilling. As the ice retreats, 
untapped reserves in the shallow waters of the 
Arctic (Fig 1) are becoming accessible. There are 
active claims by the US, Canada, Denmark and 
Russia despite the huge technological challenges 
of operating in such a harsh, remote location 
with low temperatures, flowing ice and stormy 
conditions. Great uncertainty also exists around 
the environmental impact of a large oil spill on the 
delicate ecology of the area, since oil would be 
slower to disperse or break up than in the warmer 
waters of the Gulf of Mexico.
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is the air fit to breathe?

Poor air quality contributed 1 out of 8 of all global deaths, or nearly  
7m in 2012. —WHO (2014)
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air quality
Human health is severely affected by air pollution 
(Fig 1) with high levels in many major cities (Fig 2). 
Air quality is degraded mostly by human sources 
which dominate over natural sources, such as 
pollen and wind erosion. Burning of fuels is the 
most significant followed by factory chimneys and 
chemicals from agriculture and in the home. Vehicle 
exhaust contains particulates and dangerous 
gases such as carbon monoxide, oxides of 
nitrogen and hydrocarbons. Burning of coal and 
biomass by industry and households also produces 
fine particulate matter (PM), which aggravates 
respiratory and cardiovascular illnesses.

Transport measures to solve air quality issues 
involve low sulphur fuels, catalytic convertors on 
exhausts and retiring older vehicles. There is also 
benefit from changing fuels to LPG, hydrogen and 
natural gas fuels, and going electric. In cities where 
wood, charcoal, crop waste, dung and coal are 
burnt for cooking and heating, women and children 
who spend the most time indoors are particularly 
affected. Preventative measures include more 
controlled combustion and switching to cleaner 
sources, such as gas and electricity.

18

Fig 1: 2014 global deaths from air pollution  
attributable to specific diseases  
[WHO, 2014] 
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Fig 2: PM10 levels for mega-cities (>14m inhabitants) for 
the last available year in the period 2011–2015 
[WHO, 2016]
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bioenergy
should farmers grow food or fuel?

Since 2009, bioenergy has made up more of Sweden’s energy mix than 
hydropower and nuclear power combined. —Renewable Energy World (2013)
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Ethanol

Biodiesel

Fig 1: Growth in production of biofuel used  
for transportation (projected for 2007–2016) 
[OECD, 2008]

Fig 2: Biomass cycle including production of second 
generation biofuels via enzyme breakdown  
and fermentation  
[Nature, 2008]
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bioenergy
Bioenergy refers to materials derived from biological 
sources, which are renewable, since they store 
sunlight in the form of chemical energy. Sources 
range from by-products of agricultural processes 
to short rotation coppice (SRC) trees or sugarcane 
grown specifically for bioenergy. The final products 
come in all forms: solid, as wood and other types 
of cellulose; liquid, as biodiesel and processing to 
ethanol (Fig 1); gas, as from anaerobic digestion. 

The main attraction of bioenergy over fossil fuels 
is that they absorb carbon dioxide to grow, so 
there are no net emissions. However, they are not 
emission-free if CO2 locked in soils is released, 
agri-chemicals are used or they are transported 
for processing and final use. If crops for bioenergy 
can be grown on marginal or degraded lands, this 
reduces competition with land for food or need  
for deforestation. 

Second generation processes promise to increase 
the amount of biofuels by using non-food crops and 
parts of crops. They involve fermenting the useful 
sugars locked in lignin and cellulose. The resulting 
bio-ethanol would be used in transportation (Fig 2).
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emission-free fossil fuels at any cost?

Building a sizeable coal plant, without carbon capture, might cost US$1.4bn, 
but including CCS adds another US$1bn. —US DOE (2015)
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Fig 1: Geological storage options for CO2 when  
captured from fossil power generation 
[BBC, 2008]

Fig 2: Construction and operational costs in the US  
for gas- and coal-fired generation with 
(bars) and without (lines) carbon capture and 
sequestration (CCS). 
[Global CCS Institute, 2015]
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carbon capture 
Carbon capture absorbs carbon dioxide gas (e.g. 
emitted by fossil-fuelled power stations), in order to 
decarbonise fossil generation. Methods for capture 
divide into post-combustion separation processing, 
the fuel to remove CO2 pre-combustion, or burning 
the fuel in oxygen so that only CO2 is produced. 
Technologies also exist for capturing the gas from 
the surrounding air.

After capture, the gas must be locked away either 
by storage (sequestration) or by re-use in new 
material (utilisation). Storage involves injection 
into geological depositaries that must be sealed 
to avoid leakage back into the atmosphere, which 
often include redundant coal, oil or gas reservoirs 
(Fig 1). Utilisation involves locking it away in  
useful products, such as a feedstock for plastics 
and chemicals, and carbonate mineralisation  
for building and industrial uses.

All these options would add a significant expense to 
fossil power generation (Fig 2), and the technologies 
need demonstration at full scale. Not only would 
a high carbon price be necessary to subsidise 
capture costs, but assurance is needed that 
sequestered gas would remained locked away from 
the atmosphere for centuries. 20
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tdsubsidies
would you say “no” to cheaper bills?

Fossil fuel companies benefitted from an estimated US$5.3tr in global 
subsidies in 2015, more than the health spending of all the world’s 
governments combined. —The Guardian (2015) and IMF (2015)
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Fig 1: Fossil fuel subsidies as a proportion of full cost 
of supply in 2014 (for consumers and producers) 
[Thomson Reuters, 2012 and IEA, 2015]
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subsidies
An energy subsidy is any measure that reduces energy 
costs for consumers or producers (Fig 1). Countries 
don’t always agree what constitutes a subsidy, and 
they can remain ‘hidden’ in tax rebates, exemptions 
and concessions. Subsidies often help introduce 
new technology and infrastructure (e.g. renewables 
and cleaner fuels) and help them compete against 
incumbents by levelising the cost of generation. The 
OECD is calling for subsidy transparency to ensure 
fairness and clear exit strategies to avoid introducing 
market instability and uncertainty.

For mature fossil fuel industries, subsidies can distort 
inter-fuel competition, for instance making renewables 
less able to compete. The cost of energy to an 
economy is not reduced by subsidies, but redistributed 
via taxes or austerity in other areas. Thus subsidies do 
not always benefit the poorest, for instance. Subsidies 
can also create a cycle of under investment or a culture 
of reckless consumption. Subsidised fuel can reduce 
the perceived savings from energy efficient devices  
or buildings.

Subsidy change is closely linked to sensitive political 
issues (e.g. trade competition, poverty alleviation 
and the sovereignty of governments over natural 
resources), making them difficult to remove. 21
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who owns your country’s energy assets?

Estimates put upstream energy capital expenditure by Chinese NOCs 
outside China at US$18bn in 2013, mostly spent in North America and the 
Middle East. —OECD/IEA (2014)
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Fig 1: Annual UK gas generation capacity added since 
electricity privatisation in 1990 
[IEA, 2014] 

Fig 2: Nationality of ownership of largest UK  
energy companies  
[UK Power, 2016]
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foreign asset ownership
Energy infrastructure (e.g. power stations, 
distribution cables and gas pipe systems) has a 
high capital cost. When owned publicly, funding 
expansion and replacement is difficult, especially in 
developing countries that need to simultaneously 
improve all parts of often immature energy 
infrastructure. Privatisation and intergovernmental 
investment can solve funding issues. 

When utilities are denationalised, company 
ownership efficiently taps into capital markets for 
funding and is incentivised to control costs and build 
on schedule. The UK’s privatisation in 1990 initiated 
a major expansion of gas-powered combined-
cycle turbines (Fig 1). However, private ownership 
is subject to mergers and acquisitions that reduce 
competition (Fig 2), and the priorities of foreign 
owners might not align with the immediate needs of 
a local community.

Developing countries depend upon 
intergovernmental investment for projects that 
exceed their national budgets. Certain conditions 
are often demanded, such as long-term contracts 
with fixed electricity prices necessary to guarantee 
returns over decades. These prices might become a 
burden on future consumers. 22
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who controls your supply?

Europe imports as much as 70% of its gas, with some 40% from  
Russia alone. —Bloomberg (2015), Eurostat (2015)
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Fig 1: 2014 International trade in natural gas comparing 
terrestrial pipeline with marine liquefied natural  
gas (LNG), in bn m3 
[BP, 2014]
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gas security
Gas has many advantages as a fuel source, as it is 
relatively clean burning with low CO2 emissions. For 
many countries, gas plays a significant role as an 
intermediary fuel source when transitioning from fossils 
to renewables. There is a constant global competition 
for reliable (uninterrupted), affordable supplies. 
Conventional pipelines are the longest-established and 
most common method of transporting natural gas from 
field to consumer, although increasingly popular LNG 
(liquefied natural gas) shipments accounted for 30% of 
gas exported in 2014. 

The most significant gas sources are clustered in a small 
number of countries/regions. Their stability is critical to 
reliable supply, as international markets are vulnerable 
to disruptions. Natural disasters (e.g. Fukushima nuclear 
radiation leak) and geo-political conflict (e.g. Iraq) have 
immediate and long-lasting implications on competition 
for supplies and impact price and security. The shale 
revolution and LNG shipping has provided more market 
options, but traditional producers and pipelines have 
longer prospects for dominating supply and significant 
infrastructure in place. Russia has used Europe’s 
dependence on its gas supplies as an influential political 
lever (e.g. multiple Ukraine gas crises), and might affect 
the current market balance by its new pipelines of Altair 
to China and South Stream to southern Europe. 23

en
er

g
y

p
o

lit
ic

al



c
 J

er
em

y 
B

uc
ki

ng
ha

m
 

Hydraulic fracturing and other new technologies have helped the US unlock 
vast reserves and enabled it to become more energy independent.  
—Financial Times (2016)

unconventional hydrocarbons
should new sources be exploited?
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Fig 1: Map of basins with assessed shale oil and shale 
gas formations  
[EIA, 2013]

Assessed basins with resource estimate
Assessed basins without resource estimate

Fig 2. Impact of unconventional production on global 
output of oil and US output of gas 
[Art Berman, 2015, EIA, 2016]
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unconventional hydrocarbons
Crude oil and natural gas are conventionally 
extracted by drilling into permeable rock 
formations where hydrocarbons concentrate. The 
term “unconventional hydrocarbons” refers to 
comparatively new extraction methods from source 
or low-permeability rocks. These reserves are tar and 
oil sands, tight oil and gas in shales and sandstone, 
and coalbed methane. Extraction techniques include 
open cast methods for oil sands and horizontal 
drilling in combination with hydraulic fracturing 
(‘fracking’) in tight formations. The resulting oil and 
gas are no different, but their extraction raises both 
opportunities and concerns.

These reserves are found worldwide (Fig 1), offering 
the attraction of energy security and economic 
benefits to many countries. Low capital costs 
have enabled their rapid scale up (Fig 2). However, 
because production costs are high, they rapidly 
become uneconomic when global prices fall, as 
in 2015. Tar sands majorly impact the landscape 
and risk contaminating rivers from their wastewater 
containment ponds. Environmental concerns from 
fracking include the risk of contaminating ground 
water, seismic disturbances reaching the surface and 
additional surface activities serving production. 
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China accounts for 22% of African oil exports and 30% of infrastructure 
funding in the continent. —The Economist (2013)
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Fig 1: Maritime shipping routes, key chokepoints and 
daily transit volumes for oil 
[EIA, 2014]

Fig 2: Wars and other armed conflicts 
[ConflictMap.org, 2016]
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foreign dependencies
Energy resources have long been of major strategic 
concern. Oil and gas are found in a few countries, 
yet needed by all. Access to secure sources and 
control over supply lines (Fig 1) are issues of 
economic viability and national security. The scarcity 
of energy supplies and the energy imbalance 
between nations threatens prosperity and causes 
conflict. As resources contract, oil-hungry economies 
will compete for dwindling supplies of hydrocarbons. 
Another energy factor on the international stage 
is differing access to nuclear power that vies with 
countering nuclear weapons proliferation.

Foreign policy initiatives supporting new democracies 
and promoting sustainable development can be at 
risk because of over-dependence on fossil fuels. 
Importers need to stay on friendly terms with 
exporters, perhaps even helping to ensure stability 
of their regimes. Importers also have a collective 
concern to contain conflicts (Fig 2) and prevent any 
impact on energy supplies.

Oil exporters can also flex their oligopoly muscle. 
Though OPEC sought to bring stability to the price 
of oil since the 1980s, the oil price slump in 2015 
has changed the balance of power and objectives of 
“petro-politics.” 25
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