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As electricity changes, coal retains an edge

Global primary energy demand under the IEA New Policies Scenario
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/S N\ /

23%
2040
Total primary energy demand
17,866 Mtoe
27%

WORLD COAL
ASSOCIATION



1.2 billion people live without access to electricity

Location of the world's main fossil fuel reserves (Mtoe)

= Today coal is foundin 70
countries and actively

mined in 5o .
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N. America Eur:e 8
= At current rates of Eurasia I
consumption, the IEA Mo chine
forecasts that coal will
last 114 years, compared - I o i vl
South & Central Pacific
to 53 years for gas and America

only 51 years for oil
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Source: BP Statistical Review of World Energy 2017 and WCA analysis 2017
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1.2 billion people live without access to electricity

= 1.2 billion people
worldwide live
without access to
electricity

= 2.7 billion rely on
traditional fuels
for cooking
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People without access to modern energy services by region
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Source: International Energy Agency, World Energy Outlook 2016
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Coal is key in addressing global energy poverty

Additional on-grid electricity generation by fuel in the “Energy
for All Case” compared with the New Policies Scenario, 2030

On-grid generation
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Source: World Energy Outlook, 2011
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Coal will drive India’s economic growth...

= Electricity demand in Indiais
expected to average 4.4% pa
over the next 25 years

India’s electricity generation by source in the New Policies Scenario
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more than doubles, while
renewables also increase
significantly to meet demand
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= |EA indicates that
maintaining an adequate
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challenge requiring $2 trillion
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Source: International Energy Agency, World Energy Outlook 2016
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... and will be critical in powering up SE Asia

= The share of coal in power Southeast Asia electricity generation by source in the New Policies Scenario
generation rises from 32% to 15
50% historical projected

= Renewables-based electricity
generation increases three and
half times from today to 2040
(481TWh)

= |EA highlights $2.4 trillion
investment is required over the
period to 2040. This represents
around 5% of the global total, or
one-third of China’s investment

Thousand TWh

1990 2000 2010 2020 2030 2040
Year

B Renewables M Gas
M Nuclear W Coal
M Oil

Source: Adapted from IEA WEO 2015
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Coal will be critical to China for decades

= China’s electricity demand China’s electricity generation by source in the New Policies Scenario

growth will be around 4.8%
to 2020, then decline to

around 2% through to 2040 —

Historical | Projected

= Electricity generation from 10000
coal will be 4.3% higherin
2040, despite its share of
generation reducing from

8000

6000

Electricity generation (TWh)

73% to 43%
4000
= Non-hydro renewables are
expected to increase 1200% 2000
over the same period (25% of
world generation) ¢
1990 2000 2010 2020 2030 2040

Year

® Renewables ™ Gas
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= Oil

Source: International Energy Agency, World Energy Outlook 2016
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Coal, not gas, leads the charge in Asia...

Coal and gas-fired power investment in Asian markets (2015)
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... because its costs are far lower

Infrastructure investment cost fora 1 GW power plant in Asia
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Source: |[EA World Energy Investment 2016
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So the global coal fleet is at its youngest in decades

Age of coal plants globally
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Source: International Energy Agency, Laszlo Varro, Chief Economist, 2016
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The Paris Agreement includes low emissions coal
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New technology dramatically reduces CO2

we get
For every 5 o
19, | | 2-3%
- reduction in
~ efficiency CO2 emissions
Improvement
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Efficiency improvements can significantly contribute to

= The most important
near-term action to
reduce CO2 emissions is
to increase the efficiency
of coal-fired power plants

= 1% increase LHV
efficiency = 2—3% points
decrease
in CO2 emissions

CO, emissions per kWh

CO2 emission reductions

CO, reduction potential of coal-fired power plants by increased efficiency

Subcritical

CO, reduction
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7438 COz/kWh i ccs "Chﬂﬂlo” 40% 2
50% But:
Efficiency loss Gas CCGT
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Cleaner coal is real but needs more action

= Japan and China have been the most active in
building USC plants.

= J-Power upgraded their 1967 sub-critical Isogo
38% efficient coal-fired power plant to an USC
43% efficiency plant with SOx, NOx, PM reduced
to less than 1/3 of previous levels.

= China's Waigaogiao plant has a capacity of
. . . J | P Station — Ultra S itical Technol

5000MW and China is relying on these larger, Courtesy of 1 - Power) 1 perciieaTeenooay

advanced units for dispatch to displace higher

emission from older, less efficient power stations.

= The units have integrated advanced air quality
control systems, yielding non-carbon air emissions
well below China’s latest more stringent
standards, and also below comparable standards
in North America and Europe.

China: Waigaogiao No3 Power Station, Pudong New Area of
Shanghai — 500MW
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WCA proposes the PACE concept to support HELE

= International platform to help drive deployment of HELE technologies in developing and
emerging economies

= Public private partnership

= Currently seeking partners to help build an initial alliance
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The potential impact of HELE is significant in a global
context

Emission reductions by policies / actions, bn tonnes CO, equivalent

Policy / Action Cumulative emissions Period Annual emissions*

Montreal protocol 135.0bn 1989-2013
Hydropower worldwide 2.8bn 2010
Nuclear power worldwide 2.2bn 2010

Increase average global efficiency of coal-fired power plants to 40%
China one-child policy 1.3bn 2005
Other renewables worldwide 600m 2010 - 600m
US vehicle emissions & fuel economy standards* 6.0bn 2012-2025 . 460m
Brazil forest preservation 3.2bn 2005-2013 . 400m
India land-use change 177m 2007 I 177m
Clean Development Mechanism 1.5bn 2004-2014 I 150m
Collapse of USSR 709m 1992-1998 I 118m
Global Environment Facility 2.3bn 1991-2014 l 100m

EU energy efficiency 230m 2008-2012 I 58m

EU renewables 117m 2008-2012 I 29m

* Annual emissions are cumulative emissions divided by the relevant period.
The estimate for the current emissions avoided under the Montreal protocol is eight billion tonnes of CO,e.
The annual figure for the collapse of the USSR refers to the years 1992-1998. *Cars and light trucks

Sources: The Economist 2014 and International Energy Agency 2013
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CCS needs policy parity

Fluctuating policy and political support for CCS

Global CCUS Institute established

|IEA Technology Roadmap for CCUS —® a ?\.,_ COPI1S5 conference in Copenhagen postpones

/ global climate change mitigation plans Quest CCUS proj <
7 ; i projectbecomes . ADB China CCUS
E;;o'eade{ ; ple-dgeltoctal’lg & Announced global Public opposition to first to reduce emissions Roadmap released
HEW. 18| Recotal LU ublic support to CCUS onshore storage in Europe from oil sands with CCUS
demonstration projects BUDIE SIDH
exceeds USD 30 billion e sorzes
Giibal finsncial cisic daepands . CSLF Ministers CQPZI reaches historic
.— P highlight progress with climate agreement
EU CCUS Directive -9 \ CCUS and the need for
CCUS included in the Clean more demonstrations
X Development Mechanism of
Shaalse;\er;iallaul:;:?n":tax:ﬁ; rw‘lea‘:?o:ast;;:: \ the Kyoto Protocol International Journal of
g CCUS project lled Greenhouse Gas Control: Special Y,
PROJECLS CaNeRTE: \ EUET8 carbon issue released ahead of COP21 .
W
) \ _ price collapses B
EU NER 300 Round 1 results in zero Boundary Dam commences . d 7
CCUS projects selected for funding operation as world’s first [} ¢ llation of UK CCUS
large-scale CCUS project anceliavona
Ihr';?qgura} CISLF " China increases focus on CCUS unfler its 5-Year Pl.an; g in power gensra{ion B Commercialisation Programme
inisterial meeting IPCC Special 12 new large-scale projects are identified & Qil price fall threat to CO,-EOR
x Report on CCUS X 2 and CCUS investment
IEA releases updated Technology Roadmap for CCUS ——@ - L US and China issue joint statement on climate
-§\< ¥ 2 g \_‘j’? change and announce CCUS collaboration initiative
Sleipner becomes first large-scale IPCC 5th Assessment Report identifies CCUS as EU NER 300 Round 2results in 1 CCUS project
CCUS project with dedicated storage critical for achieving ambitious climate goals selected for funding. 7 EU projects cancelled

1996 2003 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016

Source: IEA (2016), 20 years of Carbon Capture and Storage: Accelerating Future Deployment. Figure adapted from SBC Energy Institute (2016),
Low Carbon Energy Technologies Fact Book Update: Carbon Capture and Storage at a Crossroads.
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There are real challenges to high renewable

Power Generation and Demand, Germany December 2016
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Agora Energlewende, December 18, 2016
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ASEAN'’s Energy Equation

o ‘Coal and Cleaner Coal
Technologies’ (CCT) were
identified as a key
programme area in APAEC
2016 — 2025

ENERGY ® ‘ASEAN Energy Equat?on’
EQUATION provides a comprehensive
T analysis of the energy

security and sustainable
development opportunities
that CCT provide

ASEAN’S
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Cleaner coal is the lowest cost option among the
low-carbon technologies

ASEAN Average ASEAN Average
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Improving coal efficiency delivers cost benefits
locally and emissions reductions globally

ASEAN

Under Construction and Planned Coal
Fired Capacity (80GW)

29%
Undefined

12%
Ultra-
supercritical
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Subcritical

Supercritical

o Promoting HELE deployment across ASEAN
would result in significant carbon emissions
reduction to global benefit.

o Shifting the region’s forecast coal capacity
in 2035 from the current mix to ultra-
supercritical would reduce cumulative
emissions by 1.3 billion tonnes.
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Mobilising finance will be an important factor in

Mix per current
pipeline

Total installed coal capacity
by 2035 based on IEA
SEA-EQ'projections with

Scena.n:. linear extrapolation between
Description current pipeline of projects as
reported by the Platts WEPD 2
(percentage of subcritical
capacity through 2035 based
on current pipeline)
usc 15 ‘
Capacity Mix? SC [ 44
SubC - 63
0 30 60 90 120
GW CAPACITY
NPV* Capital Costs® $89 Billion
(s Billion)
(from 2016 through 2040)
CO, Emissions 8.9 Billion
(tCO,)
(Cumulative from 2016 through
2040, undiscounted)

L> Additional funding can reduce carbon emissions by 1.3 billion tons

realising this outcome...

Shift to Shift to Ultra-
Supercritical supercritical
Shift capacity from Shift all capacity from

subcritical to supercritical
except plant that are under
construction or planned
subcritical plant with
capacity lower than
300 MW

supercritical in the
previous scenario to
ultra-supercritical

usc 113
SCj4
SubC| 4
0 30 60 90 120 0 30 60 90 120
GW CAPACITY GW CAPACITY
$96 Billion $108 Billion

LP Additional $19 billion required to shift to ultra-supercritical

8.1 Billion 7.5 Billion
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...The benefits are significant

SEamRrp Capacity mix*  CO, emissions C0, abated equivalent to
(tcoz) .........................................................................

Subcritical  Number of new Cars removed
(over 40 years) plant closure? wind turbines® from the road*

Mix per
development 22.8
Pipeline Billion
0 30 60 90 120
GW CAPACITY
Shift to usc M 15
Supercritical ~ sC 103 l‘m
SubC I 4 leflJlan
0 30 60 90 120 20 15,000 96 million
GW CAPACITY _—
Shift to usc Il 113
Ultra- sc |4 195 ]
Supercritical  supc | 4 Billion 3p 25,000 157 million
0 30 60 90 120 | ———— | ]

GW CAPACITY
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Investment to ensure an efficient coal fleet in
Southeast Asia is vital for global climate ambitions

Assuming a 51 Billion Investment

10

(MilliontCO,)

-10

Change in Global Emissions

-15

-20

Renewables Europe
Moderate abatement / Low TWh

CCGT SubC
A1
PV M\ Offshore Onshore
C
Wind Wind uscm WS
orcrisiEwiH— Selchll Coal ASEAN
Hydro Moderate abatement /
High TWh
Renewables ASEAN
High abatement / Low TWh
2 4 6 8 10 12 14 16

Increase in Global Generation (TWh)

B ASEAN A OECD Europe

Enhanced investment in coal to improve efficiency is arguably one the
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most effective mitigation actions available
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WCA encourages ASEAN Member States to adopt
‘ASEAN'’s Energy Equation’s Call to Action’

1. Statement emphasising continued commitment to the
deployment of cleaner coal technologies

2. With necessary support from partners, member states
commit to enhanced action, ultimately leading to a
pledge to end the use of subcritical coal (where feasible)

3. Calling on the international community to provide support
for cleaner coal technology deployment
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