ENERGY AND ITS EFFECT ON ECONOMIC
GROWTH:

The Role of Coal in the Future Economic Environment of
Southern Africa

IR Jeffrey and 2R Falcon
lEconometrix
2University of the Witwatersrand

\ PCC Conference 2016




CONTENTS

Introduction

Major Trends in Future African Economic Growth
Electricity and Economic growth

Comparative costs of electricity

Challenges in Southern Africa

Environmental issues - IPCC, COP21 and Carbon Tax
Solutions - Clean Coal Technologies

Conclusion



_Of
the route to
Industrial isation.

€.

!
1
[
i
i
{
{

About 600 million people, and more than 10
million micro-enterprises, across Africa have no
access to electricity. There is an urgent need to

switch the light on in Africa.




GLOBAL ENERGY POVERTY

Latin America Sub-Saharan Africa

Developing Asia

- Million people without electricity
Source: IEA World Energy Outlook 2013 I Million people without clean cooking facilities




FOSSIL FUEL DISTRIBUTION IN AFRICA
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PREDICTED LIFE SPAN OF PROVEN
COAL RESERVES

GLOBAL PREDICTION: (including hard and brown

COal); [Gas 59 years and Oil 46 years] Source: World Coal Association/IEA 2011 report on
2010 data

SADC PREDICTION: under current
usage, subject to exploration, market and logistics

SOUTH AFRICA: (hard coal) under current production —

NB: an updated Coal Resource and Reserve Assessment us currently
being undertaken.
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INFRASTRUCTURE IN SUB-SAHARAN AFRICA’S
LESS DEVELOPED COUNTRIES

Sub-Saharan Africa Rest of world
Total Road density (km/km? 137 211

Paved road density (km/km? 31 134

Power generation capacity (mw/pop 37 326
in mifllions)

Electricity access (% of population) 16 41

Access to reliable water (% of pop) 60 72

Access to sanitation (% of population) 34 51




POOR GOODS PRODUCING SECTOR RESULTS IN INCREASING
IMPORTS AND INSUFFICIENT EXPORTS - AND LOW GDP

Sectors as % of GDP
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Sub-Saharan Africa 926 2185 2.4

frica 1100 2431 22
Northern Africa 208 316 145
World 7137 9727 1.4
United States 316 400 1.3
Latin America & the Caribbean 606 780 1lo2]
Asia (excl. China) 2945 3970 1.3
China 1357 1314 1.0
VWestern Europe 190 199 1.0
Southern Europe 153 146 1.0
Eastern Europe 295 260 0.9
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QES Total employment vs. Real GDP growth (%)
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agricultural industries) Estimates based on 2013 frame

----QES TOTAL (all formal and non

Real GDP Growth (%)

QES TOTAL (all formal and non-agricultural industries) Estimates based on 2009 frame

Source: Statistics South Africa



Unemployment Rate
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Rising unemployment, increasing social issues, and slow growth,

There are three major policy objectives.
POVERTY ALLEVIATION,
REDUCING INEQUALITY AND
RAISING STANDARDS OF LIVING

Is of paramount importance in the goods-producing
sectors.

IS essential to support economic growth

Emerging economies require

\



Population GDP growth and unemployment

Current Statistics 1995 2015 2030
Population 45m <5_4m> 69m
Unemployment 3.7m < 8.4m| > ?
GDP Growth 2008-2015 1.9% pa ?
Current growth rate less than 2% pal 2.5%pa?
Jobs created 2008- 2015 QLF 1.2million| 2.5 million
Job\f required by 2030 <:16 millig\ﬂ>

R Jeffrey 2016
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ELECTRICITY AND PRODUCTION

Electricity Consumiption vwvs Productionmn Inde>x 2008=—100
Electricity
oo Electricity Consumption
== Consumption overtakes production
=7 overtakes
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THE ESSENTIAL ECONOMIC TRUTHS

Economic growth is essential for raising standards of living,
reducing unemployment and reducing inequality

But economic growth can only take place with secure and
increasing electricity production

Low electricity growth

\
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WORLD ENERGY CONSUMPTION AND SUPPLY

Consumption by final sector? Consumption by fuel

Billion toe Billion toe

18 18

15 15

Industry

: Transport
1965 2000 2035 1965 2000

TPrimary fuels in power allocated according to final sector electricity consumption

Renew.?
Hydro
Nuclear

2035

2includes biofuels

Energy Outiocok 2035 12

© BP p.l.c. 2015




RELATIVE LEVELISED COST OF ELECTRICITY (LCOE)

Relative LCOE

279 280

Integrated Resource Plan (SA) Relative LCOE
Econometrix Relative LCOE

221

100 100

Nuclear CCGT gas Wind SolarCSP Solar PV Hydro Pump
Storage

m IRP Relative LCOE B Econometrix Relative LCOE with back up




Renewables are increase these costs

They only supply power approximately
Require

Until come down, these are unlikely to change
significantly in the near future.

Wind and solar CSP are not suitable for They
are too variable and expensive

R



Renewables being increase these costs and ONLY
supply power 31% of the time

Relative Real overnight capital costs (R in millions) are therefore

Wind at 31%: 200
Solar at 31%: 712
Nuclear at 92%: 244

Coal at 80%:

Wind and solar are significantly more expensive than coal and nuclear
particularly when back up power costs are added

Latest data from overseas estimate that the LCOE of wind is 48% higher

-~ R Jeffrey, Econometrix ‘16



There is increasing evidence

ENERGIEWENDE IN GERMANY have to
unacceptable and uneconomic levels

THE GERMAN GOVERNMENT have

SOUTH AUSTRALIA’S Lessons for the World:-

SOUTH AUSTRALIA’S Intermittent & unreliable renewable energy is leading to




people in Europe are affected by
people could be dying prematurely

Average real electricity prices for households and industries have increased
between 2005 and 2011.

electricity prices have increased of over since 2005.
The number of households affected by in the UK, increased from
Green-energy policies in have resulted in as many as
falling into
In the EU coal-fired power plants generate electricity at of wind turbines
and a of solar PVs

\
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The outcome of COP21 was an excellent agreement. What was important was
not what was agreed

The agreement gave a set of sound long term global objectives. It asked for no
commitments by any country.

Major countries either could not get agreement internally

Countries not going to make commitments were ASEAN countries, China,
Russia, India, Vietham, Korea and Poland

They were embarking on major expansions of coal and fossil fuels

In summary, countries were expected to do what was in their

<\\_~\ 5



S>S0Utn ATrica

)
oc
LLJ
f—
=
=
LLl
Ll
&
x
O
o
<
®,
o0
oc
<T
O

wnuue/z0?) sauuoy uoljiy




CO2 EMISSIONS IN SOUTH AFRICA

CO2 conc Mt COZIa
Coal to Liguids 85%0 21,7
Power Generation 8-12% 224.6
Other industries 8-30 31,8

\



Raising global average of coal plants from

with off-the-shelf cleaner coal technology
Would save .
More than the annual CO, emissions of India- 4th largest emitter

Initiatives needed to emissions
Run trading scheme for
Run the over

Multiply the world’s current



SOUTH AFRICA’S PROPOSED FUTURE CLEAN
ENERGY FUTURE

At the 2009 UN climate change talks, South Africa undertook to reduce
domestic greenhouse gas emisSsions trajectory by , and by
, Subject to adeqguate financial and technical support

South Africa introduced the SA Renewables Initiative in October. 2011 —
obtaining funds for climate change adaptation, energy-saving equipment,

moderating the spike in the price of electricity generated from renewable
sources

South Africa introduced the Integrated Resource Plan (IRP) in 2010 — the
IRP2010, mixed sources of energy.

\



LOW CARBON ECONOMY LEADING TO A REDUCTION IN CO, EMISSIONS
IN SA -
IRP2010 [Integrated Resource Plan 2010)

IRP2010 and after - South Africa's changing ene
-

Co-gen
= Renewables

= Hydro/pump
storage
- Gas

= Nuclear

— coaltl&*

* RENEWABLES:

wind power, solar

power, landfill and

biomass fuelled

generation.

** CO-GEN: Power

generated by

g industry surplus to
8 requirements

made available on
IRP2010 AS PUBLISHED FORECASTS BASED ON EXTRAPOLATED DATA a demand basis
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LOW CARBON ECONOMY LEADING TO A REDUCTION IN CO, EMISSIONS
IN SA -
IRP2010 [Integrated Resource Plan 2010)

IRP2010 and after - Proposed and estimated contributions to South

Africa's generatlon mix
250000 —
*** CLEAN COAL: IRP2010 allows for up
to 5000 MW of coal-fired generation by
Eskom, domestic or international IPPs
using pulverised fuels and/or carbon

I Co-gen**

= Renewables *
= Hydro/pump
storage
© Gas
= Nuclear
‘ m Coal ***
* RENEWABLES:
wind power, solar
power, landfill and
biomass fuelled
generation.
** CO-GEN: Power

generated by
industry surplus to
requirements
made available on

LAST YEARS OF COAI.-FIRED POWER GENERATION ***

END OF PLAN PERIOD

sequestration techniques to ramp up
from 2027. This contribution will
| be most felt post-IRP2010.
There are ongoing investigations into
3 the use of both technologies.
]
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IRP2010 AS PUBLISHED FORECASTS BASED ON EXTRAPOLATED DATA a demand basis
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FUTURE TECHNOLOGIES FOR A LOW CARBON
ECONOMY

(1) Reducing coal

consumption (increase
efficiency)

(2) Reducing (3) Carbon Capture
non-GHG emissions and Storage or use

> € >

‘ CO, Storage

37



CURRENT COAL-FIRED "

TECHNOLOGIES IN USE e thm
Y

combustien air

limestone

coal

dust
collectors




FUTURE COAL-FIRED
TECHNOLOGIES FOR
SOUTH AERICA

Circulating
Fluidized

Bed Selective
Furnace Non-Catalytic
Nitrogen O xide
Reduction System
(SNCH)

r lAsh
Air Remowal

Fabric Filter
Particulate Control

Dry Flue Gas
O esulfurization
System

Ash
Remowval

Selective
Catalytic
Reduction
(MO Remiowval)

Boiler

Particulate Remowval I
(Fly Ash)

Generator
Slag Disposal

Warm Warer

Condensor



CO, EMISSIONS REDUCTION THROUGH INCREASED EFFICIENCY
OF POWER PLANT — SOUTH AFRICAN SCENARIO

Coal mitigation - Emissions reduction in power generation
Efficiency gains using

foday’s technology can cut

| 1.22 CO, emissions by 33%
30 %2 i

m Medrp' State-of- CCS technology can

Average AR e V the-art produce 50%

C02
Reduction

Advanced .
world- 38 % m PC/|GCC super- reduction of CO, but
40 %

wide Eskam critical with an efficiency
average 0.74 NV )
EU loss of 7-12% points
average 2220

t CO, / MWh 300 50 % Deep cuts in
emissions

running
in world

2020
Tod

Source IEA CCC



CLEANER AIR AND REDUCING POLLUTION

Eskom’s drive for cleaner air
Our efforts to improve air quality focused on reducing emissions of particulates or ash. The relative particulate
emissions from coal-fired power stations have reduced by more than 90% over the last 35 years, as can be
seen in the graph below.

6.0
@ Matla
Completion 2
4.0 of five-year @ Arnot 4-6
enhancement
investigation
® Duvha 4-6 ® Lot
Majub: abo
3.0 ® taajuba @ Hendrina 1-5
2.0 — -
‘Camden. Grootvisi.
Komati, Ingagane..
1.0 g - = = Camden @
Colenso. Kiip. Umgeni.
Hexriver, Vaal. Vierfontein.
Vvesbank. Wilge
0.0

1982 1985

1990 2010

Relative particulate emissions, kg/MWhSO

@ Stations commissioned @ Stations decomunissioned ® SO, plantinstalled @ Fabric filter plant retrofits installed

Reduction in relative particulate minimum emissions from Eskom’s power stations from 1982 to the present, due to the decommissioning of older power stations and
commissioning of more efficient technology.




FACTORS AFFECTING EFFICIENCY OF
SOUTHERN AFRICAN COALS



COAL-BEARING KAROO BASINS OF SOUTHERN AFRICA (

TANZANIA

ANGOLA

Huab Basin
Wat,

erbe:
I-h‘\m‘tg

NAMIBIA

[ Karoo basins
[ Karoo subcrop
---- international borders

0 (km) 500
Cape Fold Belt C——




DIEEERENCESIBEINWEENINORIIHERNHEMISRHERE(FAURASIAN)
COALS ANPSOU I ERN 52 VIS P RlERE(CONPWANAEAN D)) GO A LS

EUROPEAN-USA COAL - formed in
Equatorial conditions in
Carboniferous times (300-350

Million years ago) \\

S. HEMISPHERE — GONDWANA COAL
- formed in cold to cool temperate
conditions in Permian times (280-300
Million years ago) 44




CHALLENGE OF COAL QUALITIES: LOW GRADE COALS HIGH IN ASH

LOW ASH COAL — HIGH VOLATILES HIGH ASH COAL (CLAYS) — HIGH VOLATILES
100% VOLATILES COMBUSTIBLE o 30-40% VOLATILES INCOMBUSTIBLE

= A
g Vitrinite + abundant E e
== layered clays (black)

\itrinite - no visible

" minerals
Scale - width of each.photo is 200 micrens_




CHALLENGE OF COAL oo
QUALITIES: TYPE CREASIN
AND RANK

IGNITION AND
COMBUSTION

USA and

\Variations 1In RANK and

SEM)
ANTHR (L1

European
TYPE of Coals from = Carboniferous
. ., ) . D . T l
diirerent Regions coals

ANTHRACITE

META-ANTHRACITE

100% Inert 100% Reactive

1y - ORGANIC COmNIEMN TYPE

46
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EFFECT OF VARYING ORGANIC MATTER ON

R2: 1552 COMBUSTION TEMPERATURES AND FLAME

1532 - ROI2 = = R3: 1540

B CHARACTERISTICS * C\/s -2551t0 26,9 MJIKkg

L1: 1538

L2: 1509 S ]
4 South African coals . Ash 1510 17% ad

ooooooo

Temperatures [C|

R1: 1699

11111

s B: Irregular combustion —

bl N— IRREGULAR
i S EFFICIENCY

R4: 1685
R5:1721
L1:1674

Temperatures ['C]
R1:1771
R2: 1782

|||||

C: Poor ignition on grate — Hl - = ol . .

L2:1791

D: Massive4gnition, throughout chamber. —

Source: R Taole , M Andrews 2013



CLEAN COAL TECHNOLOGIES IN SOUTHERN AFRICA

Coal beneficiation of low grade coals — dry systems
Subcritical pulverised combustion - low NOx burners , dry cooling
Ultra-supercritical pulverised combustion +FGD — two new power stations
Co-firing of coal and biomass — currently in agricultural industry
Co-generation — use of industrial waste heat
Underground coal gasification — successful demonstration

Future systems

Circulating Fluidised bed boilers - in-bed reduction of SOx and NOx



7t largest producer of coal in the world
7t largest exporter of coal

1st highest foreign exchange earnings in the country

15t highest minerals income earner , beating gold , pgms

of SA energy production
of carbon reductants in the metallurgical industry

of liquid fuel, petrol and diesel requirements

Toemagigr chemicals for 1000s of carbon-based products
49



THE TRUE VALUE OF COAL

Gas

Gas Reformer

Coal Fisher Tropsch Fuels
Gasification Process

Ammonia, Chemicals
Phenolics

Pitch & tar,
Sulphur




Introduction
Major Trends affecting Future African Economic Growth

Electricity and Economic growth

Comparative costs of electricity

Challenges in Southern Africa

Environmental issues - IPCC, COP21 and Carbon Tax
Solutions - Clean Coal Technologies

Conclusion



* [India China Bangladesh Indonesia Russia have major coal and Fossil
Fuel expansion programmes

®= COP 21 deliberately requires no commitments so that countries can
decide to do what is in their best interests

. Unless emerging countres use FoessSIlk Fuels they wWills neavily.
Prejudice thelr iuture growtn and result N INCreased unempioyment
N0 POVErtY.

. nis will aetrimentally: effect: the economic political and social
Structures ol many emerging nations

R Jeffrey 2016



Energy, Electricity leading to increased GDP and
Employment Growth are the keys to Southern
Africa’s -

Where the country and the region’s coal reserves play
a vital part.
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