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= Act 1: A portfolio of action for the low-carbon energy transition
= Act 2: INDCs and the Paris Agreement

= Act 3: From 2°C to ‘well below’” 2°C

= Act 4: The decarbonization challenge in the power sector

= Act 5: Renewables and Energy Efficiency are two keys

" Act 6: Carbon Pricing in IEA models

= Act 7: Reversing the ‘lock-in’ of emissions: facing up to the
challenge of existing fossil fuel facilities

= Act 8: The world keeps changing ...

= Act 9: State-owned enterprises —important and special

WEO 2015 CC Special Report © OECD/IEA 2015
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A portfolio of actions
for the low-carbon
energy transition
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pematonal To 2 Degrees: More growth,

e More efficiency, more low carbon

Index 2010=100

GDP, Primary Energy and CO, pathways in the 2DS
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INDCs and the Paris
Agreement
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INDGs ...
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> INDC Scenario above 2DS
> INDCs will set the new ‘reference case’ (NPS)

WEO 2015 CC Special Report © OECD/IEA 2015
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= One-quarter of the world’s energy supply is low carbon in 2030;
energy intensity improves three-times faster than the last
decade

= Renewables reach nearly 60% of new capacity additions in the
power sector; two-thirds of additions are in China, EU, US &
India

= Natural gas is the only fossil-fuel that increases its share of the
global energy mix

= Total coal demand in the US, Europe & Japan contracts by 45%,
while the growth in India’s coal use slows by one-quarter

= |nefficient coal plants installed in 2030 are only marginally
lower than today

WEO 2015 CC Special Report © OECD/IEA 2015
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well beyond INDCs and 2030
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well beyond INDCs and 2030
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* “Holding the increase in the global average temperature to
well below 2°C above pre-industrial levels and to pursue
efforts to limit the temperature increase to 1.5°C above pre-
industrial levels, recognizing that this would significantly
reduce the risks and impacts of climate change;”

= ‘... Parties aim to reach global peaking of greenhouse gas
emissions as soon as possible, recognizing that peaking will
take longer for developing country Parties, and to undertake
rapid reductions ... so as to achieve a balance between
anthropogenic emissions by sources and removals by sinks ...
in the second half of this century ...”

© OECD/IEA 2015
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* “Holding the increase in the global average temperature to
well below 2°C above pre-industrial levels and to pursue
efforts to limit the temperature increase to 1.5°C above pre-
industrial levels, recognizing that this would significantly
reduce the risks and impacts of climate change;”

= ‘... Parties aim to reach global peaking of greenhouse gas
emissions as soon as possible, recognizing that peaking will
take longer for developing country Parties, and to undertake
rapid reductions ... so as to achieve a balance between
anthropogenic emissions by sources and removals by sinks ...
in the second half of this century ...”

© OECD/IEA 2015
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Where do we want to go?

Different targets: (i) INDCs, (ii) 2°C,
(iii) well below 2°C, and (iv) 1.5°C

Gt CO,
60

© OECD/IEA 2015



| et Climate target:

1ea
Secure e Sustainable e Together W h e re d O We Wa nt to O ? rg
targets
well below 2°C
Gt CO,
60
50
40 New reference case (INDC-based)
30 e e, -
_y ~ -
20 . ~
—y ~ -
_y
10 >
0 I I I I I I 1 |
2011 2020 2030

2040 zuoe

© OECD/IEA 2015



International

iea

Act 3:
From 2°C to
‘well below’ 2°C



International

jea "™ From 2°C ... to ‘well below 2°C’

Secure e Sustainable e Together

Remaining CO, emissions under 2DS
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Remaining CO, emissions under 2DS
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2050

6,721 Mt CO,
Other
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Aluminum 4%
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(i_e,a' ~ Direct CO, emissions by region in 2DS
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Global Coal Power Generation (without CCS) — 2DS
12,000

10,000

8,000 ® RoW
= m OECD
E 6,000 m ASEAN

M India

4,000 )

® China
2,000
0

2015 2020 2025 2030 2035 2040 2045 2050

© OECD/IEA 2015



International
Energy Agency

iea

Secure e Sustainable e Together

Coal: ‘High efficient-low emissions’?

We will need CCS to make coal “low-carbon’
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Gas:

Unabated Global Gas Power Generation — 2DS
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/ment prospects

Renewable Energy dej

World renewable power annual capacity additions, main vs. accelerated case
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With recent policy changes, 35% of gap between main and
accelerated case is bridged
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RM5 The animation and color coding of the figure doesnt work right now properly! Unfortunately I dont quite see how the right version

looks like.
MALISCHEK Raimund, IEA/STO/ETP/EST, 9/1/2016
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Recent announced long-term contract prices for new renewable power to be commissioned over 2016-2019

N
Utility-scale solar PV Morocco

Germany Germany
USD 67-100/MWh UsD 87 /MWh

USD 30-35/MWh

Y
Turkey

UsD 73/MWh

United States Canada
USD 47/MWh USD 66/MWh

United States

USD 65-70/MWh }

Brazil
USD 81/MWh

China
USD 80-91/MWh

India
USD 67-94/MWh

Peru

Jordan
USD 38/MWh

USD 61-77/MWh

Peru

USD 49/MWh United Arab Emirates

USD 58/MWh

Brazil
USD 49/MWh Australia

UsD 69/MWh

Chile Uruguay South Africa South Africa Egypt
USD 65-68/MWh USD 90/MWh USD 51/MWh USD 65/MWh USD 41-50/MWh

This map is without prejudice to the status or sovereignty over any territory, to the delimitation of international frontiers and boundaries and to the name of any territory, city or area
Note: Values reported in nominal USD includes preferred bidders, PPAs or FITs. US values are calculated excluding tax credits. Delivery date and costs may be different than those reported at the time of the auction.

Best results occur where price competition, long-term contracts and good resource
availability are combined

© OECD/IEA 2015
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Energy efficiency is the most
important driver to decarbonize
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Global Cumulative Investment in the New Policies and 450 Scenarios, 2014-2035

New Policies
Scenario

450 Scenario

10 20 30 40 50 60
Trillion dollars (2012)

W Fossil fuels M Power T&D W Low-carbon " Energy Efficiency

Spending on RE is 54 trillion and on EE is 56 trillion
higher in the 450 (2DS) scenario

WEO 2013 Special Report

© OECD/IEA 2015
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are linked

World primary energy demand and CO, emissions by scenario

§ 20 000 Primary energy demand:
2

== Current Policies
Scenario

15 000 wee  New Policies

Scenario
w450 Scenario

10000 Energy-related

CO, emissions (right axis):

=== Current Policies
Scenario

=== New Policies
Scenario

=== 450 Scenario

1990 2000 2010 2020 2030 2040

Source: WEO © OECD/IEA 2015
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structural change

Analysis in upcoming publication: Energy, Climate
Change and Environment: 2016 Insights



iea

Act 6:
Carbon pricing in
IEA Scenarios



International

Liea " ETP CO, price a

Secure e Sustainable e Together

ptions

(USD/tCO,) 2020 2030 2040 2050
205 5020 80-100 120-140 140-170
Note: 605 only assumes carbon pricing in the European Unian for the sectors cumently included n the ETS (electiciy generation, industry and aviation),
a5 Well 2 in Korea forthe power and industry sectors

Source: Energy Technology Perspectives,
2015

© OECD/IEA 2015
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WEO CO, price assu 'ptlons ($2014 per tonne)

—mmmm

Current European Union Power, industry, and aviation
Policies Korea Power and industry 20 30 40
Scenario
European Union Power, industry, and aviation 22 37 50
Chile Power 6 12 20
e P?Ilaes Korea Power and industry 22 37 50
Scenario
China Power and industry 10 23 35
South Africa Power and industry 7 15 24
United States and Power and industry 20 100 140
Canada
European Union Power, industry, and aviation 22 100 140
Japan Power and industry 20 100 140
450 Scenario Korea Power and industry 22 100 140
Australia and New Power and industry 20 100 140
Zealand
China, Russia, Brazil, Power and industry 10 75 125

and South Africa

Source: World Energy Outlook 2015

© OECD/IEA 2015
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‘Lock-in’ :
facing up to the challenge
of fossil fuel facilities
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)t J Y

20
Room to manoeuvre

10
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Source: WEO 2011
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issions

2017
Gt 35

30

2 °C trajector
)t J Y

20
Room to manoeuvre

15

10
Lock-in of existing
infrastructure

2011 2015 2020 2025 2030 2035

Planned fossil fuel infrastructure through 2017 will generate all
energy emissions under 2DS through 2035

Source: WEO 2011

© OECD/IEA 2015



International
Energy Agency

iea New clean energy vs. fossil fuels

Secure e Sustainable e Together

» Looking simply at clean energy side
of the equation is inadequate given
‘lock-in’

> Need to address ‘incumbent’
(existing and imminent) fossil fuel
facilities — reversing ‘lock-in’
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current/future energy demand

Three basic types of context:
> Existing coal for existing cleaner (e.g., OECD)

> Existing coal replaced by new cleaner (e.g.,
China)

> New fossil in favor of new low carbon (e.g.
Indonesia)
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Marginal cost economics of coal to gas switching compared with the
prevailing EU carbon price

200

o Coal-to-Gas Switch Price

150 Range

e fverage (oal-to-Gas Switch
Price

»

50 v @

-

o e e Prevailing EU Carbon Price

50

2008 2009 2010 211 012 2003 2014 015 2016

Source: Bloomberg LP data (2016), IEA analysis (2016)
Notes: Hard coal and gas plant efficiency of 32% and 60%, respectively, for low range. Hard coal and gas plant efficiency of 44% and 32%, respectively, for high
range.

© OECD/IEA 2015
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CO2 prices needed to make a new gas, solar PV and onshore wind plant
competitive with an existinag.nabated coal plant in 2020 (7% discount rate)

A| CO2 price required to CO2 price required to CO2 price required to
make a new gas plant make a new solar PV make a new onshore
compete with an plant compete with an | wind plant compete
existing unabated coal existing unabated coal | with an existing
plant (USD/tC0O2) plant (USD/tCO2) unabated coal plant

(USD/tC0O2)

United States $40 $50 S10
Germany $150 $130 $80
China $80 $40 S30

$160 $230 $160

Source: IEA (2015), Project Costs of Generating Electricity: 2015 Edition, OECD/IEA, Paris.

© OECD/IEA 2015
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CO, prices needed to a new make gas, solar PV and onshore wind plant
competitive with a new usmbated coal plant in 2020 (7% discount rate)

CO2 price required to | CO2 price required to | CO2 price required to

ake a new gas plant | make a new solar PV | make a new onshore

compete with a new | plant compete with a|wind plant compete

coal plant (USD/tC02) new coal plant | with a new coal plant
(USD/tC0O2) (USD/tC0O2)

United States 0 10 0
Germany 100 30 50

China 60 30 30
100 180 110

Source: IEA (2015), Project Costs of Generating Electricity: 2015 Edition, OECD/IEA, Paris.

© OECD/IEA 2015
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Possible Policy tools to unlock:

B Market mechanisms

m ETS
B Carbon taxing

B Mandates — portfolio prescriptions /restrictions

B Policy directives (e.g. to state-owned enterprises)

H Influencing relative pricing
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Cumulative energy-related CO, emissions by region —

projection in ‘BAU’
Gt 500

- M 2015-2040
300 1890-2014
20 I

_
]

United European China Russia  Japan India Africa
States

Source: based on NPS © OECD/IEA 2015
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. countries in global energy demand

Primary Energy Demand, 2035 (Mtoe)

Share of Global Growth,
2012-2035

United

Japan
States

Southeast
Asia

Non-OECD Asia

Over 95% of the projected growth in energy demand between now
and 2035 happens outside the OECD (NPS)

Source: based on World Energy Outlook 2014

© OECD/IEA 2015
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Power sector technology deployment rates in the 2DS
OECD

Solar PV

Hydro

Gas wlth CCs

Offshore wind

Muclear

Coal with CCS

Blomass

40 0 oW per yes [o] 20 40

Histaric m 2008-12 2D5 1 2013- W 20286-50

High deployment of low-carbon technologies in emerging economies needed to
keep pace with projected near-term energy demand growth.

© OECD/IEA 2015
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16
14 +
OECD Americas

12
.+':°1o i «==»0QECD Asia Oceania
o
©
2
o 8 «==sOECD Europe
o

6 e==China

4 F

e==|ndia
2
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Source: Track the energy transition (2015)
© OECD/IEA 2015
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US 2005 PPP

International G D P/ Cca p ita

in Non-OECD:

’ Energy Agency
starting low with lots of

room to grow

GDP per Capita, 2013
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GDP per Capita, 2013
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Per capita: emissions and GDP
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OECD Amerlcas

e QECD Asla Oceanla
= OECD Europe
=== (Ching
e | vl
e AfrlCa
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Act 9:
State-Owned Enterprises:
a special class of actors
that are
a big part of the story
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Select SOEs

30

- 25
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State-owned enterprises: not just
the what and how, but the who

m Other
UsS

B Mexico

M Russia

M India

m China

4 # Companies
(right axis)

Selected 50 SOEs emit about 4.4GT CO2-e



ffiieaf pematons ‘Top 10’ energy GHG emitting
‘countries’
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Emissions (Mt CO2)
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1000

0

China USA EU28 India Russian  Japan Germany Korea Canada Islamic Saudi Arabia
Federation Rep. of Iran

Selected 50 SOEs would, by themselves, constitute the
third largest emitting country

Source: |IEA 2013 energy combustion © OECD/IEA 2015
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Ownership of fossil fuel
generation capacity

3702 GW

Other
9%

Private

Private
49%

© OECD/IEA 2015
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Government
Shareholder

- Provincial Shareholders
Energy Companies

Energy Companies

Private Shareholders

Energy Companies

= Profit-maximization = Economic
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= Paris Agreement sets strong platform for action, but
with increased ambitions

= |EA adjusting modeling to match new climate goals

= Need to expand efforts — not only on clean, but also
on incumbent high-carbon

= Need to expand approaches: SOEs require adapted
tools; not just about the what and the how, but also
the who

= Continued ability of energy to support economic and
social development is key
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