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Structure of the Presentation égﬂ"o

Energy and climate change — conflicting imperatives

Climate change scenarios

Coal fired route to near zero emissions

vy v v ¥

Clean Coal Technologies (CCT) - coal upgrading, dealing
with particulates, acid rain and other pollutants

Global greenhouse gas emissions
Coal fired plant efficiency and CO, emissions

» Carbon Capture and Storage (CCS) - its contribution, the
technology, costs and recent developments

» Anglo Coal — approaches to and examples of process and
product stewardship
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Energy and Climate Change imperatives
cannot be seen in isolation

We live in a world where the contrast between energy abundance and
energy poverty is stark

g:have to

simultaneously address | j"~'*‘
energy demandasa .~
driver of development

and climate change
imperatives to reduce

CO, and other GHG’s
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Immutable Force meets Global Imperative i

.. . T oy
COMMENTARY BY Sir Richard Branson Samucl W, outc WEEKLY | NEWS IDEAS INNOVATION 'l“ INSIDE GRADUATE CAREERS SPECIAL

Leonardo Maugeri Vinod Khosla Rodrigo de Rato Jamos Schlesinger

Michael Howard Bill Ford Rex TillersonEvo Mo P N ews ci e nti St
CLIMATE CHANGE

AGUIDE FOR THE PERPLEXED

Energy boom!

mic rays to blame?

Are
Wouldn't a little more | L

Climate bust! .20 oy meve uesions

e great?
answered
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Economic growth?
Energy provision and Energy security?

Environmental stewardship? TUNA-FLAVOURED  osmwcusioy
' CASTANETS " e |
([T E e i ¢ How will we respond? Erare o=
World Energy Outlook 2007 — IEA Nov 2007 IPCC Fourth Assessment Report — Nov 2007
» World faces a fossil energy future to 2030 P Warming of the climate system is unequivocal
» Primary energy needs grow by 55% 2005 to 2030 > CO, is most important anthropogenic GHG
(BAU) P Very likely increase in frequency of weather extremes
P Developing countries contribute 74% of the increase in P Adaptation and mitigation options are available but
global primary energy use the pace of adoption and scale of application needs to
P The resurgence of coal driven by power demand in increase markedly
China and India is a marked departure from past P Cooperative efforts, a price for carbon — market pull
WEOQO’s and a research driven technological push are
P Rising demand poses a real and growing threat to imperative
energy security P Macro-economic costs are considered tolerable if we

P Unchecked fossil fuel use will hasten climate change act early
P Urgent action on CCS and related technologies by all
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Climate Change Policy Scenarios — @ ANGLO

where are we now? COAL
« Superficial co-ordination . US leadership
* Some countries work actively to Co-ordination - China and India join a Kyoto 2
undermine international policy
framework * Global carbon market

» Widespread technology transfer

“STRICTLY
BALLROOM”

Strong Political Wil

Stern + IPCC 2007 + G8+5 + Bali CO.

“DIRTY MOP 3
DANCING” “DIFFERENT shortimedium

* No agreement on climate change term with

* International tensions DAN C E S” prospects over

- Energy security overrides climate time for linkage

Weak Political Will

change concerns . between schemes
N . Fragmentation
* Resource nationalism & protectionism
« Immediate concerns dominate * Varying efforts to reduce emissions
 Confusion in the science community * Unconnected carbon markets
* Initial warming impacts seen as « Higher cost mitigation
positive * Unsustainable in longer term
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Coal Fired Route to Near Zero Emissions i

Under the direct
control of utilities;
open to influence by
producers and
technology advance
by equipment
suppliers

L D
The need for
collaboration
by coal producers,
equipment suppliers
Under the direct agd X it
control of coal power utilities is
producers paramount
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CCT - Coal upgrading

» Washing raw coal in a
processing plant

» Removes a portion of the
non-combustible material

e Reduces the ash content —
can be by up to 50%

» Reduces the sulphur
dioxide (SO,) subsequently
emitted by the coal

» Improves thermal efficiency
— so reducing CO,
emissions

Source : WCI — Coal Meeting the
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CCT - Particulates, Acid Rain and Other COAL D

» Particulates - finely divided
solid and liquid (other than
water) substances emitted
from a power station

Electrostatic precipitators

Fabric filters or bag houses

Wet particulate scrubbers
Hot gas filtration systems

vvyyey

» SO, and NO, emissions

» Flue gas desulpherisation

» Low NO, burners and burner
optimisation

» Selective catalytic and non-
catalytic reduction

» Other — Trace Elements,
Mercury and Ash

Source : WCI — Coal Meeting the
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Global Greenhouse Gas Emissions — ANGLO
Activity Sources and Fuels COAL

Other 9% Coal 9%
Agriculture 50% \
Land use & CHa 14% Waste 23%
agriculture Oil & gas 18%
Set Land use

change 24%

Energy CO:2 <
production & 77% Oil 30%
consumption
61%
Coal

. 31%

GHG by Sector GHG by Gas C02 & CH4 by GHG from Fossil
End-Use/Activity Fuels & Other
Sources
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Coal Fired Plant Efficiency and ANGLO
CO, Emissions COAL

CcO2 2000
emissions
1500
L
=
o)
o 1000
(@)
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SUBCRITICAL ULTRA-

e fleet averages
+ single plants

25%

SUPERCRITICAL /IGCC

H\HH
Lh |n

35% 45% 55%
Plant Efficiency

Source : IEA/WCI and CURC/EEI/EPRI
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Carbon Capture and Storage (CCS) - where ANGLG
does it fit and how does it contribute? COAL

ANNUAL EMISSIONS
In between the two emissions paths is the “stabilization triangle.” It represents the total
emissions cut thatclimate-friendly technologies must achieve in the coming S0 years.
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THE WEDGE CONCEPT

The stabilization triangle can be divided into seven 1 billion tons a year

“wedges," each areduction of 25 billion tons of carbon

emissions over 50 years. The wedge has proved to be a 25 billion

tons total

useful unitbecause its size and time frame match what
specific technologies can achieve. Many combi-
nations of technologies can fill the seven wedges. |J¢—————— 50 years ——————»|

CCS is one of a number of key
technologies to be developed
and deployed at large scale

IPCC 2005 Study on CCS : “...
could contribute 15 — 55% of the
cumulative mitigation effort
worldwide until 2100”

Source : RH Socolow & S W Pacala
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Global Storage Capacity COAL

Potential global CO, storage capacity is huge.
10,000
Estimated CO, Storage Capacity and Annual Emissions
9,000 (Gigatons of CO,)
8,000
7,000
6,000
5,000
4,000
3,000
2,000
Enhanced Coal
Bed Methane
Deep Saline Deep Basalt Depleted Gas Deep Unmineable Depleted Oil Annual Emissions
Formations Formations Reservoirs Coal Seams Reservoirs
Source: Battelle Memorial Institute, “Carbon Dioxide Capture and Geologic Storage: A Core
Element of a Global Energy Technology Strategy to Address Climate Change,” April 2006
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CCS - the basic concept - 1 ANGLD
Key components COAL

CO2\CRC

CRC for Greenhouse Gas Technologies
© CO2RC

/ Various Alternatives

* Post Combustion
* Pre-combstion
° Oxyfuel

* Other s ’ s
CO, capture CO,

& separation plant compression unit ~ CO- transport  CO, injection

‘ > >& > > > >

= 1

m
CO, source
(eg. power plant) H CO, storage
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CCS - the basic concept 2 @ ANGLO
Geological Storage Options

Overview of Geological Storage Options =
1 Depleted oil and gas reservoirs |
2 Use of CO, in enhanced oil and gas recovery

3 Deep saline formations — (a) offshore (b) onshore
4 Use of CO, in enhanced coal bed methane recovery

Produced oil or gas
Injected CO,
i Stored CO,

Alaska Business Roundtable on Climate Change — February 2008 Source : CO2CRC - Australia



Why does CO, stay underground?

» When pumped underground it is compressed to a
higher pressure and becomes a liquid

» The liquid is trapped between the spaces (pores)
between the grains of rock by several means

® Structural storage
»Initially more buoyant than water, it rises up and is

trapped by an impermeable layer or cap rock

Residual storage
»Reservoir rocks act like a tight, rigid sponge trapping

the CO, within the pore spaces

Dissolution storage

»CO, dissolves in salty underground water and being
heavier than the surrounding water sinks to the
bottom of the reservoir

Mineral storage

»CO, dissolved in salty underground water is weakly
acidic and can react with minerals in the
surrounding rocks to form new minerals and
create coatings on existing rocks. Sometimes
slow and sometime fast, this binds the CO, to the
surrounding rocks

Trapping contribution %

1 10 100 1,000 10,000
Time since injection stops (years)

Figure 5.9 Storage security depends on a combination of physical and
geochemical trapping. Over time, the physical process of residual CO,
trapping and geochemical processes of solubility trapping and mineral
trapping increase.

¢ Additional R&D on
microalgae, ocean
fertilisation and other
methods

Source : WC/?IEA : Storing CO2
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Geological storage of CO, — Project ANGLO
locations

CO, Storage Demonstration Projects

e: IEA Greenhouse Gas R&D Prog

Snohvit @

Sleipner @
® Penn West

Alberta ECBM © K-12B @

® Weyburn Co,SINK® & Recopol )
Teapot Dome @& L ® Hokkaido

Rangely @ @® Mountaineer ® Sibilla
Burlington @ Nagaoka
e ® West Pearl Queen QinshuiBasin @ g
@ Fric
@ InSalah

Gorgon @

® Enhanced Coalbed Methane (ECBM) Projects

@ Cerro Fortunoso
® Enhanced Oil Recovery (EOR) Projects
e Gas Production Fields

® Saline Aquifer

Source :IEA GHG Programme;
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CCS technology is at varying states of ANGLO
maturity COAL

Maturity of CCS technology

Oxyfuel
combustion

Mineral Y

\ carbonation 4

Enhanced
Coal Bed
@&chat& storaég«’* Methane
S Enhanced Oil
Recovery
Research Demonstration Eemomicaly Mature
feasible under
phase phase specific conditions market
\:.L*";' "s INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC) \'.G; 3
\;ﬁ;) i TSRS o R S—N E’;
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CCS Cost estimates vary éoNfLLO

Tech Support, IPCC - IEA GHGP Financing Workshop July 2007
Power plant capture US$/tCO, net captured 15 - 75
Capture (gas proc/amm prod) US$/tCO, net captured 5 — 55
Capture ex other ind sources US$/tCO, net captured 25 - 115

Transportation per 250 km US$/tCO, net 1 -8

Geological storage US$/tCO, injected 0.5 — 8

Ocean storage US$/tCO, injected 5 — 30

Mineral carbonation US$/tCO, net mineralized 40 - 100

RWE Scenario Analysis - IEA GHGP Financing Workshop July 2007
(Euro millions/MW)

Investment cost Hard Coal Lignite
Without CCS 1.2 1.35
With CCS 1.68 1.75
Efficiency after 2020 in % Hard Coal Lignite
Without CCS 52 51
With CCS 44 43

urce : IEA; Vattenfall GLOBE Feb 2007

Alaska Business Roundtable on Climate Change — February 200%A GHGP Expert Workshop on financing CCS — Jul 2007



The need for faster progress is clear, and ANGLO
there are pitfalls to be avoided ... COAL

Government

: .

Basic R&D \ Applied R&D Fully
commercial

Market
Uptake

R&D Grants

Source: Grubb M (2002) Submission to

Alaska Business Roundtable on Climate Change — February 2008 UK Energy White Paper for The Carbon Trust



Important recent developments égﬂ"o

» July 2007 - Ospar Commission (Protection of the Marine Environment for the
North East Atlantic) decision to permit C0,storage under the seabed

» July 2007 - CDM Methodology panel : CCS for CDM projects — decision now late
2008

» EU decision to support CCS — EU Technology Platform on Zero Emission Power
Plants (ETP ZEP) — going beyond Norway and the Netherlands

» Gleneagles Plan of Action — G8+5
® GLOBE; IEA GHGP and CSLF working on accelerated development of
policy to promote commercial deployment - G8 summit in Japan in 2008

 Bali Climate Conference

Alaska Business Roundtable on Climate Change — February 2008
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Coal Stewardship in Anglo Coal

@ ANGLO
COAL

Key Elements
Secure supply
Quality

Clean technology
CO, Markets

Stakeholders
Customers
Regulators

Industry

Product Stewardship Process Stewardship

Return to Demand for reliable,
environment : affordable, clean energy

Exploration

The key climate Relative to many

change impact other industries,

arises from the use [® metals and raw Mining
of coal materials, the climate

change impact of coal
exploration, mining,
processing and

marketing is low to

moderate

| This requires a
\ more intense, if
Products indirect, focus on

Flectricity product
Steel stewardship

Cement

. Processing

.. Discard disposal

Blend %

requirements i Transportation sales LT

* Adopted from the ICMM — Model of Material Stewardship
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Key Elements
Safety

Health
Environment

Community

Stakeholders
Employees
Suppliers
Community

Regulators
NGOs

21



Responses to Climate Change imperatives i

Product Stewardship Process Stewardship

Clean Coal HIV / AIDS Programs

Promotion and
Technology

Projects
J Safety and

Culture Programs

Power
generation and
emission
reduction from
mine gas

Working with
indigenous
communities

Understanding the
impacts of climate

Energy change

efficiency and
carbon mitigation

Scare resource protection/
supplementation
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Energy Intensity and Carbon Emissions
Intensity Reduction — RSA Example

Energy Management matrix on each
operation:

* Energy Champion

+ Baseline establishment and metering
+ DSM Projects and DMP with Eskom

* Energy and CO, targeting

- Ene
* Project portfolio - matters to

you

A tachmical puide
o savieg arerpy

Haul Truck Diesel Consumption Landau Haul Road Lighting
0 Project * 55000 CFL Eco-
03a N —gggg ™| ¢ Diesel saving 17% (reduced lights at Operations
g'g = = =2006 Ade.......<S SAVING=SORMINEN rolling resistance and ® 37 000 CFL Eco-
03 M ........................ gradient) lights at Mine Village
2 H
é 8'; ® Improved safety (less dust ouses
- 02 and reduced wet weather ®* R 10 million
0.2 impact — able to haul after investment
0.2 28mm rain)
0.1
0.1
0.14 v v T T T T T T T T T
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
Month
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Policy Engagement and ANGLO
Technology Development COAL

» Global World Coal
World Coal Institute \;, (: I A B Institute

IEA Coal Industry Advisory Board (+ regional inputs)

IEA Clean Coal Centre and GHG Programme °%'e®

ceS0' s

GLOBE G8+5 and GROCC L GLOBE g :v.i_;_:_.:_::»:;,'ziozr)
Conferences 4 A= Ao Gl m/\; V|Z<u):|m>1,-\nl [
Organised by ON CLIMATE CHANGE

. ofiIL ruqL B
b Reglonal WFE‘UNDMNN &
Fossil Fuel Foundation (RSA) B b omii o D i AUSTRALIAN BUSINESS
Chamber of Mines (RSA) & CLIMATE GROUP

Australian Coal Association — Clean Coal Initiative

Australian Business and Climate Group

Asia — Pacific Partnership (AP7) Working Groups r
i
f l!,, )

P CO, Emission related initiatives

International Emissions Trading Association (IETA)

IETA

INTERNATIONAL EMISSIONS TRADING ASSOCIATION

Carbon Sequestration Leadership Forum (CSLF) — global r‘O CRC

and regional \¢¢—
I 1 1w D 300 e 3. ot U 08 Lo
T o

CO2 Co-operative Research Centre (Australia) BTN T el G s

ATV RESEARCH CENTH LR EGAS TECHN

P CCS Legal, Regulatory and Technology Development
Aus/RSA/EU/USA

Alaska Business Roundtable on Climate Change — February 2008 24



Coal Related Climate Change Projects égﬂ"o

' Monash and
Otway Pilot

> Monash Energy/Otway Pilot Project
> Callide Oxyfuel firing and CCS pilot

> FutureGen — 275 MW Zero Emission
plant

> Xiwan Coal project in China — possible
CCS link

> Johnson Matthey - Anglo Coal Low
Carbon Technologies Programme

»> Methane conversion to Power at
Australian mines —-reduction of 1.2
Mt CO.e pa

> Coal industry levy contribution to CCT
and CCS projects in Australia

> Additional CCS demo project with
involvement with customers being
sought

Alaska Business Roundtable on Climate Change — February 2008



Award Winning Projects in RSA @ ég,ﬂ"o

Basa Magogo Njengo Project My fire works best,

i !
* 10 000 low income households targeted for 2007 in5 easy steps!

» Aims to reduce particulate emissions from domestic
burning of coal
* Methodology developed by DME o oo 6 a Q

\ll??"’ ® gives less fmoke ‘ burns longer s
Emalahleni Water Treatment Plant B, Whoaty quicher @ bt N

® Winner of the prestigious Mail and Guardian' Greening the future award’

® The division's Emalahleni Water Reclamation Plant (EWRP) was recognised for its
innovative approach to turning waste into water, and received top honours in two
categories: Companies with Innovative Environmental Strategies that Improve Business
Performance and Water Care

Isibonelo Wetlands Project

¢ Isibonelo colliery recently lived up to its name (which

means ‘an example to others’) when the colliery’s wetland 40
rehabilitation project won the environmental category in
the Nedbank Capital Green Mining Awards competition

Additional Initiatives

® Key Customer seminars on SD
® CCSAtlas in RSA
® Coal Industry Roadmap in RSA

Alaska Business Roundtable on Climate Change — February 2008



To conclude — Can coal be clean ? égﬂl-o
» The world needs coal as a secure, ﬁwwm

abundant and cheap energy source
@ CLEAN coD
U

the environmental footprint of coal will

» To meet the climate change challenge W
have to be improved £

» The costs of doing so will not be cheap

» Technological development is vital but
without supporting policies and
financial assistance for R&D, success
will be elusive

“We at the IEA love coal. It's cheap and widely available, but we have to have carbon
capture and sequestration.”
(Claude Mandil, executive director of the IEA)
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