ENERGY CHALLENGES IN SOUTH-AFRICA
- UCG AS TECHNOLOGY OPPORTUNITY IN
A DEVELOPING COUNTRY
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A global view on coal usage

South-African demographics

Energy mix and major coal consumers in South-Africa

Challenges and opportunities

Introduction to AFRICAN CARBON ENERGY and Theunissen UCG
Project

In conclusion, why UCG is the next generation technology for
South-Africa?



World coal usage
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Top Ten Coal Consumers Worldwide, 2003 (Mt)
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Coal isthewo r Inwgi s
Important  source  of
energyé fuelling almost
40% of electricity
worldwide

In South Africa 92%

1/3 of South Afr i c
liquid fuel is supplied by
Sasol (gasify  >30
Mt/annum)

THE COAL RESOURCE, www.worldcoal.org



http://www.worldcoal.org/

Regions with very large coal reserves @S
billion tons arrIcARY




Importance of coal in 2030
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Total World Electricity Generation (% by Fuel, projected for 2030)

W Coal 38%

W Gas 30%

Bl Hydro 13%
Muclear 9%
Other* 6%
il 4%

* Other includes solor, wind, combustible renewables, geothermal and waste

Sawce IEA 2004

C Coal meets approximately 30 % of wor |l dbés primary ¢
C Coal used to produce approximately .

C Price of coal relatively stable compared to other fossil fuels due to its

abundance
THE COAL RESOURCE, www.worldcoal.org
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South-African Demographics @
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C Surface area of 1 127 000 km?
C 1/8 of the size of the USA
C 5 times the size of the UK

C Population of 43.5 million (official)
C 30% of population unemployed



Population statistics
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50000 |
. 45000
Population: 49,991,300 (July 2010 ef4)
Growth rate: -0.051%4 40000 va
. ) 19.61 births/1,000 population /
Birth rate: (2010 est) 35000 /_/
Death rate: 16.99 deaths/1,000 population /_/-/'
' (2010 est.) 30000
Life expectancy: 49.2 years (2010 est.) /
¢male: 50.08 years (2010 est.) 25000 /rr"/l
cfemale: 48.29 years (2010 est.) rr.,r‘
. 20000 T
Fertility rate: 23?3) children born/woman (201( ",.,r"'
|
Infant mortality rate: 43.78 deaths/1,000 0 T 65 1970 1075 1980 1985 1990 1995 2000 2005

0-14 years:

1564 years:

65-over:

Age structure

28.9% (male 7,093,328/female
7,061,579)

65.8% (male 16,275,424/female
15,984,181)

5.4% (male 1,075,117/female
1,562,860) (2010 est.)

http://en.wikipedia.org/wiki/Demographics_of_South_Africa

2001 34 93 ¢.?5.1.-:-
2011 40 21 4_5;H1:27
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http://en.wikipedia.org/wiki/File:Ethnic_groups_of_South_Africa,_2000-10_stats.png

Coal Utilization in South-Africa
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| Local Use 27.4 Mt I
23.5 Mt

180 Mt
@as i)t
61.2 Mt 2 Mt 45 Mt
Discards Synfuels Electricity
‘ 65 Mt 41 Mt 110 Mt
Run-of-Mine 4.8 Mt 39 Mt 65 Mt
Production
307 Mt
€ e
127 Mt 18.2 Mt

Xavier M Prévost, Chief Mineral Economist, MINERALS BUREAU, Coal and Hydrocarbons, e-mail: xavier.prevost@dme.gov.za
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Coal usage per sector in South-Africa
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Xavier M Prévost, Chief Mineral Economist, MINERALS BUREAU, Coal and Hydrocarbons, e-mail: xavier.prevost@dme.gov.za
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Coal usage per sector in South-Africa

Producers Mtce / annum

China 2971
USA 919
India 526
Australia 335
Indonesia 263
South Africa 247
Russia 229
Kazakhstan 96
Poland 78
Colombia 73
Rest of World 253
World 5990

Metallurgical
3%

Industries 5%

Source: IEA (2010)

Merchants &
residential 2%
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Exporters Mtce / annum

Australia 262
Indonesia 230
Russia 116
Colombia 70
South Africa 67
USA 53
Canada 28
Vietnam 26
China 23
Kazakstan 23
Rest of World 47
World 944

Xstrata

Sasol




Increasing energy cost in South-Africa &
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Prices and cost for energy
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290 hoeér

kragprys sal
sake verlam

Werkverliese gevrees

1

Johan Eybers

, Skokverhoging van so-
wat §2% in elektrisi-
teitspryse kan op 1 Ju-
1ie op ondernemings in Ekurhu-
leni wag.

Die ondernemings vrees nou
dat die verlammende verhoging
tot grootskaalse werkverliese en
“n ulttog van ander cnderne-
mings aan die Oos-Rand gaan
leil

Volgens die raad se konsepbe-
groting, wat volgende maand
goedgekeur gaan word, sal on-
dernemings wat 700 kWh krag of
meer per maand gebruik, van 1
Julie af 81,8% meer daarvoor
moef betaal.

In teenstelling hiermee word
'n gemiddelde verhoging van
7.4% vir inwoners en ander on-
dernemings voorgestel. Onder-
nemings of huishoudings wat
tussen 600 kWh en 700 KkWh ge-
bruik, sal 8% meer betaal, Dit is
hoér as die Nasionale Energiere-
guleerder van Suid-Afrika (Ner-
sa) se voorgestelde tariefverho-
ging van 7% vir munisipaliteite.

“Die verhogings is belaglik.
Geen ondernemings sal dit kan
hanteer nie," sé Attie Kolver,
voorsitter van die Ekarhuleni-

Die raad fokus
geweldig op die
ontwikkeling van
klein sake-
ondernemings,
maar ontmoedig
dit nou met
hierdie

verhogings.

sakevereniging (EBA).

Volgens hom gaan die metro-
raad bloot ondernemings uit die
gebled dryf, wat tot reuse-werk-
verliese gaan lei.

“Die elektrisiteitsheffing be-
hoort minder te wees vir onder-
nemings wat meer krag gebruik
omdat hulle werk skep en n be-
legging is vir die steek. Die raad
doen nou die teenoorgestelde
deur ondernemings te straf wat
meer krag gebruik.” sé hy.

Kolver Kkritiseer ook die me-
troraad omdat hy nie met die
georganiseerde sakesekior cor



Electricity supply (Eskom) i @
bexond the borders et

Not only is Eskom the
biggest electricity producer in
Africa, it is also the seventh
largest in the world. Our 24
power stations around the
aeme COUNLry are fueled by either
:«;4-%& coal, water, gas or nuclear

and together they keep the
lights burning throughout
Southern Africa.

Molowi Mosambique
Transmission line

—  Planned Expansion
Under Construction

www.eskom.co.za



Domestic use of coal ‘\‘"‘»

AFRICARY

C N2 Mt Bituminous coal
C Space heating + stoves

C High sulphur + particulate emissions
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Challenges in South-Africa ﬂ
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C n S| pragress on solving township smoke p o | | @ 8 Beptr2002,

Mineweb

C Domestic coal use the main culprit of pollutioné Y Scorgie.

C Emissions from power plants stabilized and decreased over recent
years.

C Coal burnt in poorly ventilated houses and shacksé particulate
pollutioné winter months.

C 1 Mt of coal burnt annually in townships causes high degree of
particulate emissionsé CF Reinecke.

C N Pol Ichokes $ A&6/12/2004, Ananzi News

C The burning of lower-grade coal is systematically poisoning South-

Africans in large parts of the country, while the ¢ o0 u n ttop gré&de coal

(clean coal) is being exported to Europe and Japan



SA environmental challenges / targets ﬂ
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C RSA Renewable energy source targets are set:
C Increase from 200206s 9% renewabl e

C RSA Energy efficiency strategy March 2005/ Energy efficiency

accord signed 29 April 2005
C  Energy demand reduction target (industry and mining) of 15% by
2015

C Both can also support the GHG reduction targets that will be set

for developing countries beyond 2012 (Kyoto)
C  Current EU non-compliance penalty 40E/t, beyond 2008 = 100E/tCO,,



SA environmental challenges / targets ﬂ
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Particulate emissions both direct & indirect, with tightening
standards - PM 2.5um (2010) later PM 1um

Acid rain emissions - NOx & SOx 1 strong evidence of
additional contribution to fine particulates in atmosphere

Other hydrocarbon emissions into the atmosphere

Control of emissions of 11 hazardous trace elements (Be, Cr,
Mn, Co, Ni, As, Se, Cd, Sb, Hg, Pb) i most problematic
being mercury (HQ)

Total management of detrimental discharges to land & water
from mining, transport AND end use

Greenhouse gas emissions, principally CH, and CO,



Why coal will remain important?
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Proven reserves of fossil fuels will sustain the world for just over
300 years at current production rates

Figure 56. World Coal Consumption, 1970-2025
10 Eillion Short Tons

High
Economic Growth

ACrude Oil 42 years .

ANatural gas 62 years .
Acoal :

0
1870 1980 1880 a0 20 2025

Referanca Casa

Low
Economic Growth

Source : Chiyoda



Afri can Car bon Ener@
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C African Carbon Energy was established in 2007 as a BBBEE South
African mining and minerals solutions company in order to fulfil the
need for a alternative energy and commodities technology supplier in
Southern Africa

C The company has available expertise in mining, exploration,
gasification and specifically Underground Coal Gasification (UCG)

C Africary bought the Theunissen Coal field of 1 billion ton Inferred
resource from BHP Billiton

C Africary completed the designs an permit applications to build and
operate the first commercial 50 MW UCG power generation project in
South Africa and will participate in the Base-Load coal PPA from the
recently announced DoE programme



What is UCG? @
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NReplace mechani cal mi ning
nNChanges a coal field 1iIn

Essentially, UCG is a process which unlocks the energy potential of
stranded deep coal reserves
C through the injection of air and oxygen delivered via an injection well

In-si tu coal conver sibyogas@G,o Synthesi s
C which is a fuel feedstock for power generation

This method utilises directional drilling technigues proven in the oil and
gas industry

Has numerous environmental, safety and financial benefits

Requires very little of the infrastructure associated with large scale mines



Typical UCG Setup
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UCG Surface Facility 30m 1000m panel Ignition
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UCG Gas Engines in commercial operatiofacan




