UNIVERSIDADE DE COIMBRA

World energy supply and demand,
policy drivers,
the global role of energy efficiency



Primary
energy

Conversion

{m/

UNIVERSIDADE DE COIMBRA

Final
energy




UNIVERSIDADE DE COIMBRA

Final . Ener
Conversion .gy
energy service

{m/



UNIVERSIDADE DE COIMBRA

World® TPES from 191 to 2017 by source (Mtoe)
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1973 and“Z; source shares of TPES
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1. World includes international aviation and international marine bunkers.
2. In these graphs, peat and oil shale are aggregated with coal.
3. Includes geothermal, solar, wind, tide/wave/ocean, heat and other sources.
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1973 and 201 éource shares of TFC
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1. World includes international aviation and international marine bunkers.
2. In these graphs, peat and oil shale are aggregated with coal.
3. Data for biofuels and waste final consumption have been estimated for a number of countries.
4. Includes heat, solar thermal and geothermal.
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World electricity generatioffrom 1971 to 2017 by fuel (TWh)
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1973 and 2017 source shares of electricity generation’
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1. Excludes electricity generation from pumped storage.
2. Includes geothermal, solar, wind, tide/vave/ocean, biofuels, waste, heat and other.
Source:|EA 2019 3. In these graphs, peat and oil shale are aggregated with coal.
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Renewable share of final energy consumption (2017)
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Renewable share of electricity production (2017)
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Annual average change in
global fossil fuels production by fuel
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Annual Additions of Renewable Power Capacity, by Technology and Total, 2012-2018
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Global Power Generating Capacity, by Source, 2008-2018
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Wind Power Global Capacity and Annual Additions, 2008-2018
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LEVELIZED COST OF ELECTRICITY

from New and Existing Resources
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Global electricity generation by source
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Driven by continued policy support, renewables account for half of additional global

generation, overtaking coal around 2030 to become the largest power source
Source:lEA 2016
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World TFC' from 1971 to 2017 by region (Mtoe)
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1973 and 2017 regional shares of TFC'
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1. Data for biofuels and waste final consumption have been estimated for a number of countries.
2. Non-OECD Asia excludes China.
3. Includes international aviation and international marine bunkers.

Source:|lEA 2019
Energy for Sustainability Initiative |- University of Coimbra - www.uc.pt/en/efs/



UNIVERSIDADE DE COIMBRA

e
i BOPBE

World" CO2 emissions from fuel combustion? from 1971 to 2017
by fuel (Mt of CO2)

35000
30 000
25000
20000
15000
10000
5000

0

1971 1975 1980 1985 1990 1995 2000 2005 2010 2017

m Coal Ol = Natural gas Other*

Source:lIEA 2019
Energy for Sustainability Initiative |- University of Coimbra - www.uc.pt/en/efs/



UNIVERSIDADE DE COIMBRA

I.
S _d

1973 and 2017 fuel shares of CO2 emissions from fuel combustion?
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1. World includes international aviation and international marine bunkers.
2. CO2 emissions from fuel combustion are based on the IEA World Energy Balances
and on the 2006 IPCC Guidelines, and exclude emissions from non-energy.
3. In these graphs, peat and oil shale are aggregated with coal.
4. Includes industrial waste and non-renewable municipal waste.

Source:|lEA 2019
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World! CO2 emissions from fuel combustion? from 1971 to 2017

by region (Mt of CO2)
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1973 and 2017 regional shares of CO2 emissions from fuel combustion?
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2. CO2 emissions from fuel combustion are based on the IEA World Energy Balances and on the 2006
IPCC Guidelines, and exclude emissions from non-energy.
Source:lIEA 2019

3. Non-OECD Asia excludes China.
Energy for Sustainability Initiative |- University of Coimbra - www.uc.pt/en/efs/



UNIVERSIDADE DE COIMBRA

Change in energy-related CO, emissions by selected region,

2013-2014
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Energy-related CO, emissions in selected regions, 2014
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World Electricity Production
from All Energy Sources in 2014 (TWh)

Electricity Source Twh
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Total = 22433 TWh
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Mexico's electricity generation by fuel source, 2015 M eXICOo
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India installed power capacity, April 2016 .
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e].a Source: U5, Energy Information Administration, India's Central Electricity Authority, Internaticnal Energy
Agency.
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Energy policy options
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Energy policy options

Security of supply
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Energy policy options

Security of supply
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Energy policy options

Security of supply

Diversify energy
sources
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Energy policy options

Security of supply

Diversify energy Use of endogenous
sources resources
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Energy policy options

Security of supply

Diversify energy Use of endogenous Diversify imported
sources resources energy suppliers
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Energy policy options

Security of supply

Ensure
Diversify energy Use of endogenous Diversify imported energy

sources resources energy suppliers strategic
reserves
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Energy policy options

Security of supply

Ensure

Diversify energy Use of endogenous Diversify imported (tanirgy
sources resources energy suppliers Strategic
reserves

Energy for Sustainability Initiative |- University of Coimbra - www.uc.pt/en/efs/



¥ o U .
UNIVERSIDADE DE COIMBRA
A e

Energy policy options

Security of supply

Ensure

Diversify energy Use of endogenous Diversify imported (tanirgy
sources resources energy suppliers Strategic
reserves

enewable Non
sources Renewable

(maximize) = sources

Energy for Sustainability Initiative |- University of Coimbra - www.uc.pt/en/efs/



¥ o U .
UNIVERSIDADE DE COIMBRA
A e

Energy policy options

Security of supply

Ensure

Diversify energy Use of endogenous Diversify imported (tanirgy
sources resources energy suppliers Strategic
reserves

enew- Non
enewable Non able [Renew+
sources Renewable

i ources able
(maximize) = sources e

Energy for Sustainability Initiative |- University of Coimbra - www.uc.pt/en/efs/



¥ o U .
UNIVERSIDADE DE COIMBRA
A e

Energy policy options

Security of supply

Ensure
energy
strategic
reserves

Diversify energy Use of endogenous Diversify imported
sources resources energy suppliers

enew= Non
able 'Renews-

(maximize) ources able
naximizegources

enewable Non Demand
sources Renewableghanagement

(maximize) = sSources

Energy for Sustainability Initiative |- University of Coimbra - www.uc.pt/en/efs/



UNIVERSIDADE DE COIMBRA

Global Primary Energy Intensity and Total Primary Energy Supply, 2012-2017
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Changes in global energy intensity

energy per unit of GDP

0% |

i

i

i

i

!

® -1% |
(=]

c |

S :

= |

[ 3

- |

Z2 I

E 3

< |

-2% |

|

i

I

i

|

-3% T

1981-1990 1991-2000 2001-2010 2011 2012 2013 2014 2013 2016

Average annual change 1981-2010 == Average annual change 2011-2016

Energy for Sustainability Initiative |- University of Coimbra - www.uc.pt/en/efs/



UNIVERSIDADE DE COIMBRA

A bi“ potential

Energy efficiency potential used by sector in the WEO 2012
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Two-thirds of the economic potential to improve energy efficiency

remains untapped in the period to 2035
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Energy use in IEA countries and other major economies with and without energy
savings from efficiency improvements, by sector, 2000-17
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Notes: Left axis starts at 150 EJ. Countries covered are |EA countries plus China, India, Brazil, Indonesia, Russian Federation, South Africa
and Argentina. “Energy use” excludes non-energy use (i.e. feedstocks), energy supply and US freight transport (see Chapter 2).
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GHG emissions - EU target
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RTS to 2DS
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Global carbon dioxide (CO,) emissions reductions in the WEO 2017 New Policies and
Sustainable Development Scenarios
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