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Glossary

Glossary of Acronyms Used in this Report

Acronym

Term

Context

$/m

Millions of Dollars

Monetary unit

ADO Automotive Diesel Oil Refined fuel type

ANC African National Congress Political Party

ASGISA Accelerated and Shared Growth Initiative for South Africa |Government Development Programme
AVGAS Aviation Gasoline Refined fuel type

BBC British Broadcasting Corporation Media

BBL Barrel Petroleum product quantities

BOP Balance of Payments Economic Term

BTU British Thermal Units Measure of heat energy

CCSA Competition Commison of South Africa Regulator

CTL Coal to liquid fuel conversion Secondary energy conversion

CNG Compressed Natural Gas Gas end-user format

DRC Democrat Republic of the Congo Country

FDI Foreign Direct Investment Economic Term

GDP Gross Domestic Product Economic Term

GEAR Growth, Employment and Redistribution Programme Gowvernment Development Programme
GFCF Gross Fixed Capital Formation Economic Term

GGP Gross Geographic Product Economic Term, GDP at Sub-national Level
GOS Gross operating surplus Economic Term, GDP less Remuneration
GSA Gas South Africa Regulator

GTL Gas to liquid fuel conversion Downstream Gas Application

GVM Gross Vehicle mass System of clasifying commercial vehicles
GW Giga Watts Power measurement, Billions of watts

K llluminating Kerosene Refined fuel type

LNG Liguified natural gas Gas format for long distance transport
LPG Liguifiied petroleum gas Refined fuel type

MCF Thousands of cubic feet Volumetric measurement

MMCF Millions of cubic feet Volumetric measurement

MW Mega Watts Power measurement, Millions of watts
NATREF National Refinery Inland crude oil Refinery at Sasolburg
NERSA National Energy Regulator of South Africa Regulator

PASA Petroleum Authority of South Africa Regulator

PETROSA Petroleum South Africa Gowvernment owned petroleum company
Rm Millions of Rands Monetary unit

RSA Republic of South Africa Country

SA South Africa Country

SAPIA South African Petroleum Industry Association Industry umbrella body

SARB South African Reserve Bank Central Bank

SASOL South African CTL processor Corporation

SOEKOR South African oil exploration corporation Gowvernment Exploration agency, now part of PetroSA
STP Standard Temparature and Pressure Physical standard

TBD Thousands of barrels per day Petroleum product quantities

TCA Technical co-operation Agreement Agreement between prospective prospectors and SA Government
TCF Trillions of cubic feet Volumetric measurement

UK United Kingdom Country

us United States of America Country

VAT Value added tax Form of indirect taxation
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Executive Summary

The strategic objective of this report is to present information and analysis that will provide a clear insight
into the economic opportunities that may exist if a large gas find can properly be identified in the Southern

Karoo.

1. Introduction
This chapter provides broad background information to establish a context for the remaining information in

the report.

e The Karoo region is frequently identified by the geographic extent of a region of natural vegetation.
Geologically it is much larger, extending northwards to the Democratic Republic of the Congo.

< Natural gas is made up predominantly of methane, the least complex hydro carbon molecule. It
differs from manufactured gas (aka town gas) which is distilled from coal, and also differs from
liquefied petroleum gas which is made up predominantly of butane and propane.

e The Department of Energy has issued Technical Co-operations permits to a number of prospecting
corporations, some of whom have applied to convert these into exploration permits to move their

investigations from desktop research to field research.

2. Primary Energy Resources in South Africa

The objective of this section of the report is to provide a summary understanding of energy usage in
South Africa.

e The South African economy is highly dependent upon electricity production for its industrial,
commercial and domestic energy needs. Electricity production, in the hands of parastatal utility

company Eskom, is dominated by coal as the primary energy resource.

e Installed generation capacity ahead of commissioning two new coal fired power stations at Medupi
and Kusile between 2012 and 2014, indicates that coal has a 81% share of generation capacity,
nuclear a 4.56% share, pumped storage 3.55% a share, hydro 1.5% share and gas turbines a
0.86% share. The power generation capacity outside of Eskom is recorded as 6.0% for

municipalities and 2.0% for private companies.

DOE intentions are to shift the balance of primary energy inputs to include 48% from coal, 14%

from nuclear, 16% from renewable energy sources and 9% from open cycle gas turbines by 2030.

e Open cycle gas turbines are currently run by Eskom using diesel fuel, awaiting gas pipeline

connections to Western Cape offshore fields.

e Low average rainfall (400mm per annum) and high evaporation contribute to a lack of perennial
rivers necessary for hydroelectric power generation, with water availability in a dry country acting

as a constraint to other power generation options.

e Natural gas presents as a convincing candidate to fuel peak load electricity applications with

distinct possibilities for water efficient, lower carbon emission base-load power generation as well.
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e As in the rest of the world, including the most developed economies, water and primary energy
resources combine to determine the location of energy harnessing activities, like power generation,

synfuel manufacturing, etc.

e Large shale gas deposits could augment primary energy supplies to both the electrical and
automotive power environments which dominate the South African energy economy. Ideal for peak
load electricity generation and several broad categories of downstream applications, such a large
gas play could revolutionise the energy sector, and contribute to displacing energy imports and/or

supplying additional energy exports.

Future Growth, Energy Demand and New Resources

The objective of this section of the report is to examine three possible growth scenarios as a
background to provide a backdrop depicting economic activity levels and energy demand against which
the economic impact of large gas deposits may be benchmarked. Gas exploration as at December
2011 is summarised, and the transformational potential of the suspected large Karoo shale gas reserve

is introduced.

e Three scenarios of future growth were developed for comparison in this report and to act as
scenario background against which the economic importance of shale gas may be estimated later

in this report.

e The underlying growth rates for the economy was set at 3% p.a. for the low growth case, 4.5% p.a.
for the mid growth case, and 7% p.a. for the high growth case. The low growth case lies above the
median probability of potential outcomes, while the mid growth case has previously been
estimated to represent the real boundary of potential growth for the South African economy, given

medium and long-term constraints in the profile of its assets and resources.

e The high growth case is presented for interrogation simply because it is a politically favoured target

growth rate, although planning details of how to achieve the rate are either scant or non-existent.

e The higher the overall level of growth in the three scenarios, the greater the growth emphasis is on
the fungible productive sectors of the economy, notably mining and manufacturing, and the less the

emphasis on growth being propelled by the tertiary or service sector of the economy.

e The 7% sustained growth scenario creates a profile of skill and capital requirements, that are
unlikely to be supplied by surpluses available from domestic resources, implying skilled immigration
and FDI inflow, both of very significant proportions. The transition towards this scenario is
anticipated to take years and not even medium-term plans by the SA government appear to be

based on such growth rates

e The energy requirements of the mid and high growth scenarios presented here leave little doubt
that the partial or complete attainment of either of these scenarios will be heavily dependent upon
and closely integrated with the expansion of the energy base available to the South African

economy over decades to come.
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 Work by the International Energy Agency on the subject of Energy Poverty during 2011 leaves little
room for belief that substantial energy resources can morally be ignored without proper

investigation and consideration.

e An article by Brian Kantor can be seen to conclude that the desktop assessment of the Karoo shale
gas reserve places it as a transformational opportunity for the South African economy and those

who depend upon it for a livelihood.

e Proper assessment of the reserve is necessary, with physical exploration superseding desktop
studies before economic assessment and cost benefit analysis both inside and outside of the pure

economic sphere and across other disciplines can be properly undertaken.

e These points inform the assessment of the researchers that growth and development in the South
African economy is highly likely to be energy resource hungry, even if supply and demand side
efficiencies are achieved.

Economic Opportunities and Safeguards in the Gas Supply Chain

This section seeks to provide a link between micro economic concepts, such as industry and sector
relationships with the potential gas industry, thinking relating to price formation and gas industry
economic regulation.

e Viewing the production process of extracting and converting primary energy resources to end user
products is assisted by production column analysis. The analysis forms a first step in identifying
sectoral and product value, adding opportunities downstream of the extraction activities which bring
the gas to the surface.

e There appear to be six main application clusters for natural gas within the South African context.
They include exports of the gas, use of the gas as an industrial, commercial and domestic energy
source, the generation of electricity, use as an automaotive fuel, conversion to liquid fuels and as an
energy feedstock for fertiliser production.

e Judging by existing experience in the limited natural gas market in South Africa, there is likely to be
a significant level of price regulation within any expanding gas market in South Africa from
regulators like PASA, NERSA and GSA. Commercial considerations, international benchmarking
and investment considerations all form part of the price regulation framework.

e The greater the proportion of gas that is exported, the less is the downstream value added potential
that exists.

e Suppliers of consumable items to the gas exploration and production phases should enjoy demand
increases as a result of the gas related economic activities. It appears likely that the exploration
phase will be supplied with imported capital equipment rather than locally produced equipment
because of the specialised nature of the work to be undertaken. Local content within capital
requirements should naturally evolve with any expansion of the project beyond the exploration
stage — downstream capital requirements would probably begin to receive investment funding once

resources are measured and geographically located, and gas production plans set out.
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e Economic opportunities exist downstream of the gas producers in the form of moving the gas to
wherever it is needed for end use. Methods include pipeline networks, LNG and CNG processing
and distribution.

Macro-Economic Impact Scenarios

This section of the report introduces and describes the logic and output of the macroeconomic model

created specifically for this research project.

e As noted previously, a significantly large and geographically diverse literature covering the
production of shale gas around the world exists. Where these studies do address macro-economic
concepts like contributions to gross value added, employment and fiscal revenue, those estimates
are often based on aggregations of highly detailed micro economic data, which information is
clearly available in those respective public domains.

e The combination of the information supporting such studies is ex-post rather than of a forecast
nature. This compares with the prospect that the mature phase of Karoo shale gas production may
well be a minimum of 15 years away, which makes for insurmountable hurdles in translating or
transposing approaches in the foreign literature to the South African context.

e Another major difference lies in the fact that many of the developed and some of the developing
world’s gas resources are located in economies with well-established downstream gas driven value
adding industries which are almost entirely absent from the South African economic landscape.

e With no macro-economic model structure readily transferable to the South African environment, the
researchers configured a model designed to convert conceptualised large gas finds to macro-
economic impact scenarios. The model is essentially Keynesian in structure, treating upstream
gas production values as an injection into the existing flow of income of the domestic economy.

e A multiplier effect is calculated and the value of gross production is distributed across gross value
added, intermediate consumption, compensation of employees, employment levels and fiscal
revenue generation.

e Values for variables defining the resource sizes were informed by material discussed earlier, with
values and multipliers and ratios derived predominantly from national accounts data from the
SARB, data from Statistics SA’s input end-use tables were also used, as was data relating to
employment and remuneration. Two test scenarios relating to gas resources of 20tcf and 50tcf
respectively are presented. Within each of these scenarios, a major driving assumption is the
proportion of gas that may be exported, and therefore not be available for downstream value
adding.

e Even if all the gas recovered is exported, downstream production in the economy does not reduce
to zero. This is because the economy would still produce intermediate consumption goods used by
the upstream activities and there would be rounds of induced demand generating domestic
production.

e Benchmarking the model scenarios against the projected macro-economic growth scenarios
discussed in section three of the report reveal the macro economic impacts of such large potential

gas resources to be substantial, relative to both the last known full year of macro-economic data
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(2010), and relative to projected macro-economic values by the midpoint of mature production

assumed in these scenarios (2035).
The modelled scenarios offer some quantitative support for the contention that large gas finds

could be “transformational,” for the South African economy. Similar expressions of it being a

“potential game changing” development are also supported.



Test scenario summary of macro-economic model output

0% Gas Exporis 50% Gas Exports 100% Gas Exports
Scenario Label A B A B A B
Upstream Production
Resource Assumption TCF 20 50 20 50 20 50
Production Years 25 25 25 25 25 25|
Average Mature production MMCF/YT 959697 2424242 969697 2424242 9609687| 2424242
Project turnover 3m 180000 400000 180000 400000 160000 400000
Project turnover Rm 1162480 25921200 1162480 2521200 1168430) 2921200
Project intermediate congumption Rm 408068 778988 403968 773988 408068 772988
Project Value added Rm 759512 2142212 759512 2142212 799512 2142212
Project Employment - Man years 1377485 3885241 1377495 3885241 1377455 3885241
Waximum Employment 67278 189758 87278 189758 67278 189758
Project Employment Remuneration Rm 177795 501473 177795 501473 177795 501473
Downstream Production
Project turnover Rm 2863293 6599068 1901347 4194202 93%401| 1789337
Project intermediate consumption Rm 1616759 3726184 1073595 2368257 530433 1010349
Project Value added Rm 1246535 2872904 827751 1825945 403958 7789588
Project Employment - Man years 5851114 13715606 3951790 8717296 1952465 3718985
I aximum Empleyment 288539 664999 191602 422857 94665 180314
Project Employment Remuneration Rm 623267 1435452 413876 912573 204434 359454
Combined Upstream and Downstream
Project Turnover Rm 4031773 9520268 3069527 7115402 2107881|  4710537|
Project Intermediate Consumption Rm 2025727 4505152 1482564 H4aT244 939401 1785337
Project Value Added Rm 2006045 5015116 1587263 3968158 1168480) 2921200
Project GFCF Rm 444350 1133625 365869 935822 286748 738019)
Project government Revenue Rm 386808 2223494 705394 1771208 524979 1318922
Project Employment - Man Years 7328608 17600845 5329284| 12602538 3329950| 7604225
I aximum Empleyment 355817 854757 258880 512415 161943 370073
Project Employee Remuneration Rm 801062 1937924 581671 1414445 382279 8500566
Project Household Consumption Generated 991314 2398182 732192 1750376| | 4730701477 1102570.9)
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Key Conclusions

Desktop estimates predict that the shale gas of the Southern Karoo area could be a reserve of 450 trillion

cubic feet, which would make it the fifth largest shale gas field in the world.

Test scenario Summary of macro-economic model output

Scenario Label A B

Upstream Production

Resource Assumption TCF 20 50
Production Years 25 25
Project Value added Rm 759512 2142212
Project Employment - Man years 1377495 3885241
Maximum Employment 67278 189758

Downstream Production

Project Value added Rm 1246535 2872904
Project Employment - Man years 5951114 13715606
Maximum Employment 288539 664999

Combined Upstream and Downstream

Project Value Added Rm 2006046 5015116
Project Employment - Man Years 7328608 17600846
Maximum Employment 355817 854757

Upstream value added in scenario A represents 31% of total mining sector value added in the year 2010.
Scenario D represents value added equivalent to 334% of the entire mining sectors contribution to GDP
during 2010. Combined upstream and downstream value added in scenario A is equivalent to 8.3% of the
GDP of South Africa during 2010, while scenario D, produces estimates of GDP contribution equivalent to
83% of the entire GDP of South Africa during 2010. All modelled calculations are at constant 2010 prices.

Total upstream and downstream employment in scenario A (0.44% of desktop reserve estimates) peaks at
48 070 jobs, while the highest resource scenario tested (4.4% of desktop reserve estimates) indicates peak

total employment at 355 817 jobs.

Recent experiences with electricity supply and pricing developments have brought home to most South
Africans the inseparable relationship between usable energy and economic performance. The economy

simply cannot grow at any reasonable sustained rate without using additional energy resources.

A common assertion in South Africa is that the country possesses abundant cheap coal. Abundant, yes,
but the Rand price of coal has kept pace with the Rand price of crude oil very closely over the past three

decades. Nobody asserts that oil is cheap.

Un-exported natural gas has five major downstream uses. Apart from being a safe industrial, commercial
and domestic fuel, it may be used to generate electricity with low water consumption, it may be converted

into liquid fuels as is done at Secunda, it may be used as a transport fuel with minimal adjustments to
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existing engines and it may be used to provide the energy necessary in manufacturing fertiliser products.

All these options provide substantial value adding, employment and remuneration opportunities.

The first step in harnessing such a potentially transformational economic resource has to be either proving

or disproving its size and location. Only after that do prospects become bankable projects.

Four test scenarios, with consumed gas resource sizes ranging between 0.44% and 4.44% of the

suspected 450 trillion cubic foot gas reserve were examined.
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1. Introduction
1.1 Obijectives of the report

The emergence into the public information domain of a number of applications for permission and rights to
undertake exploratory work in terms of deposits of natural gas trapped in shale beneath the surface of the
Great Karoo, globally and generically referred to as “shale gas,” has led to heated public debate in South
Africa, which has so far tended to focus on environmental issues. This report, while not ignoring the
existence of that side of the debate, is intended to set out information and analysis that will provide a clear
insight into the economic opportunities that may exist if a large gas find can properly be identified. With
little currently being known about the size of the resource, it is difficult to make proper assessments of risk-
reward ratios with only one component of that ratio having received prominent public attention, namely the
risks perceived for the environment. This report seeks to outline quantum of the potential rewards of such
a gas find as an input to decision making on the subject. With large rewards, environmental protection

becomes financially empowered.

While the environmental risk focus that has already been applied to discussions of shale gas prospecting
and production and the economic focus of this report provide insights into aspects of the project from two
different but related vantage points, recognition must be made of their respective relationships with at least
four other major business environment perspectives. These are the social, political, regulatory and
technological environments that operate alongside the economic and ecological points of view in building a
macro-planning framework within which to assess the strengths, weaknesses, opportunities and threats of

such a project.

The main body of this report contains descriptive analysis and argument on economic aspects of the
Karoo gas project as it is already known, and various avenues of logical expectations that might ensue
from viable reserves of gas being discovered and later extracted for use in the South African economy. An
econometric model is presented which provides a quantitative insight into important macro-economic
indicators such as contribution to gross domestic product, employment and fiscal revenue potentials
associated with gas resource size scenarios. Both the discussion portion of the report and the modelled
scenarios consider the upstream and downstream economic activities associated with such a gas find.
The appendices contain mainly tabulated and graphic data presentations supporting points made in the
discursive material of the report, as well as research material considered too long to be conveniently

included in the main body of the report.

% & # s - C
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1.2 What is the Karoo?

As a background to the discussion of the economics of the Karoo gas project, the information below is
presented to describe the geographic environment within which the bulk of the proposed natural gas
exploration will take place. Most South Africans will be aware of the division of the Karoo in areas
commonly referred to as the Great Karoo and the Little Karoo. The latter also often being referred to as
the wet Karoo. The Little Karoo is not directly related to the extensive area proposed for shale gas

exploration, which is confined mainly to the Southern reaches of the Great Karoo.

The Great Karoo is a semi-desert natural region of South Africa. The High Karoo forms a distinct
geological division of the country. The Karoo basin has existed for 250 million years and has not always
been a dry area. Wetlands and forests during earlier periods of geological history have provided the basis
of rich coal deposits, and there remains rich archaeological evidence of them having been populated by

dinosaurs.

During more modern times, herds of large game wandered the grasslands, with the first human habitation
having been made by the Koi San people, the last of the Stone Age tribes. The grassland was too poor to
support cattle, which probably prevented its habitation by the Bantu peoples of the region. Western
European settlers arrived in the Cape during 1652, but largely ignored the dry Karoo areas until the
beginning of the 19" Century. When they did move into the area, they farmed sheep, which could more
easily survive in the sparse grassland. Over the past 200 years, the vegetation has generally deteriorated

because of changing farming methods and climatic changes.

The extension of the railway line from Worcester in the South East through to and beyond Kimberley in the
North West, after the discovery of diamonds and gold in the SA interior, created a transport spine for the
Karoo. Sheep farming remains the dominant economic pursuit, with other forms of farming where
irrigation is possible. Most recently, game farming has developed as has ecotourism. North of the rail link

from the Cape to Kimberley, mining provides the bulk of economic activity.

% & # s - C
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Exhibit 1: Location of the Karoo within Southern Africa

The area of the Karoo depicted in Exhibit 1 is clearly contained predominantly within the borders of the
Republic of South Africa. This tends to follow the confines of a geographic natural region as defined by
climate and vegetation. In geological terms, the Karoo basin is much larger than the area depicted in
Exhibit 1, extending northwards (with some interruptions) as far as the Democratic Republic of the
Congo (DRC). The area pertinent to the natural gas exploration project is most frequently referred to

as the southern Karoo basin in detailed geological analytical reports.
What is Natural Gas?

Natural gas® is a gas consisting primarily of methane, typically with 0%-20% higher hydrocarbons
(primarily ethane). It is found associated with other hydrocarbon fuel, in coal beds. Most natural gas is
created by two mechanisms: biogenic and thermogenic. Biogenic gas is created by methanogenic
organisms in marshes, bogs, landfills, and shallow sediments. Deeper in the earth, at greater

temperature and pressure, thermogenic gas2 is created from buried organic material.

During the first decade of the 21% century, Sasol, the South African synthetic and petro-chemical
manufacturing giant, invested in an 800km gas pipeline connecting gas fields in Northern Mozambique
with its liquefaction plants in Secunda. Along the route, several industries have tapped into that supply
pipeline, and after the pipeline reached Secunda, the Johannesburg Metropol became the first city to

link into the supply chain, replacing its town gas supply with natural gas.

Another possible point of confusion may lie between natural gas, which is predominantly made up of
methane, and liquefied petroleum gas (LPG) which is a refined product, made up predominantly of

butane and propane gasses, derived from crude oil.

! Gas found in disused mines in the Virginia region of the northern Free State province is suspected of being biogenic in
origin. See section 2.4 of this report for comments made by Petroleum Authority of South Africa (Pasa) CEO Mthozami

Xiphu.

2 One of the few pieces of information regarding the suspected shale gas reserve that is the focus of this report that the
shale is located at depths of 4 to 5km below the surface of the earth.

% & #
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While a handful of cities have historically provided manufactured gas to residences via pipelines, South
Africans are far more familiar with a third type of gas product namely liquefied petroleum gas. This is
predominantly made up of butane and propane, and is produced while refining crude oil and

synthesising petroleum fuels from coal and natural gas.

Southern Africa possesses off-shore proven gas reserves of commercially viable proportions, stretching
southwards from Angola, (which also produces around 1.9 million barrels of crude oil per day) along the
Namibian shoreline and onwards to the shoreline of the Northern Cape province of South Africa.
Northern Mozambique also possesses viable gas fields, which have already been connected to South
Africa’s industrial complex, notably the liquid fuel production facilities of Sasol (producing around
193,000 barrels per day of mainly petrol and diesel, as well as other fuels and petrochemical
feedstocks) and the city of Johannesburg. During the last months of 2011, new exploitable gas fields
were reported in offshore locations along the north east coast of Mozambique. During the 1980’s,
Mossgas was established at Mossel Bay to manufacture approximately 35,000 barrels per day of diesel
from natural gas condensate obtained from small gas fields off the coast of the Southern Cape.

Mossgas now forms part of PetroSA.

Natural gas as a primary energy source for electricity generation is, as yet, a fledgling energy chain
development in the South African context. Offshore gas from the Northern Cape coast will be brought
to an open cycle turbine and generation set situated at Koeberg (the home of the country’s only nuclear
powered electricity plant) by pipeline. This is a peak load supplementary power generation initiative
which is already installed, using diesel fuel as its primary energy source, at a rate of 60 kilolitres per
hour. The pipeline will be extended from Koeberg some 500km eastwards to Mossel Bay to feed a
second, similarly sized open cycle generator which will supplement electricity supply to the Southern

Cape.
What is Shale Gas?

Shale gas is natural gas extracted from underground shale deposits. Shale gas has become an
increasingly important source of natural gas in the United States over the past decade, and interest has

spread to potential gas shales in Canada, Europe, Asia, and Australia.

Some analysts expect that shale gas will greatly expand worldwide energy supply. A study by the
Baker Institute of Public Policy at Rice University concluded that increased shale gas production in the
US and Canada could help prevent Russia and Persian Gulf countries from dictating higher prices for
the gas it exports to European countries. The Obama administration believes that increased shale gas

development will help reduce greenhouse gas emissions.

Shale gas is one of a number of “unconventional” sources of natural gas; other shale sources of natural
gas include coal bed methane, tight sandstones, and methane hydrates. Tight gas is natural gas held in
rock pores up to 20 000 times narrower than a human hair. Often the gas will not flow freely into a well

or it flows at a much slower rate than n normal gas reservoirs.

Shale gas has been produced for many years from shales with natural fractures; the shale gas boom in
recent years has been due to modern technology in hydraulic fracturing (fracking) to create extensive
artificial fractures around well bores.

% & #



$ B @

Horizontal drilling is often used with shale gas wells, with lateral lengths up to 10,000 feet (3,000 m)

within the shale, to create maximum borehole surface area in contact with the shale.
15 Proposals for Exploration®

Three foreign-owned companies have been granted permission by the Government (through Petroleum

Agency SA) to explore for gas.

The first stage of such exploration takes place under an arrangement known as a Technical
Cooperation Permit with government and consists of nothing more than desktop research. Applications
to convert these Technical Cooperation Permits (TCP’s) to physical exploration permits have been
halted by a moratorium imposed by the department of energy, which has subsequently been extended
to March 2012. They are Royal Dutch Shell, Falcon Oil & Gas from America, and Sunset Energy (also

called Bundu), from Australia.

e Shell wants to extract gas from about 90,000 square kilometres (kmz). That is an area the size of

KwaZulu-Natal. It stretches from Bedford in the east to Sutherland in the west.

- Falcon Oil & Gas have got a permit to explore 30,000 km?” for gas, an area one and a half times the
size of the Kruger National Park. It includes the mohair capital of Jansenville, as well as Aberdeen,

Rietbron, Merweville and Leeu Gamka.

e Sunset Energy has a slightly larger area — 35,000 km? — including Pearston and areas around

Graaff-Reinet.
Together they make up an area as big as the entire Eastern Cape.

In addition, a consortium made up of Sasol*, American Chesapeake Energy and Statoil ASA has applied
to explore an area similar in size to Shell's — about 88,000 km?. It includes a large portion of KwaZulu-

Natal and most of the Free State.

The US Energy Information Administration (EIA) confirms the list of TCP holders, adding Anglo Coal to

the list. The summary is reproduced in Box 1 below.

* Information regarding the companies involved in the early phase of exploration was drawn from the article entitled
“Fracking 101" (see bhibliography). This article described the position as it existed towards the end of 2010. An updated list
of shale gas contenders, as well as other gas explorers and producers in the wider South African context is contained in
Section 2.4.

4 On the 1% of December 2011, the local media reported that Sasol had announced that it would not seek to extend the
deadline for conversion of its existing arrangement with the Department of Energy (DOE) to transform it to exploration rights,
due to the moratorium on such rights for shale gas exploration. The reports indicated that the company may return to
negotiations with government once greater certainty regarding exploration rights had become available.

% & # s - C -



Box 1: List of TCP holders

Falcon Oil and Gas Ltd. Was an early entrant into the shale gas play of South Africa, obtaining an 11,600 mi?
(30,000 kmz) Technical Cooperation Permit (TCP) along the southern edge of the Karoo basin. Shell obtained a
larger 71,400 mi® (185,000 km?) TCP surrounding the Falcon area, while Sunset Energy holds a 1,780 mi® (4,600
km?) TCP to the west of Falcon. The Sasol/Chesapeake/Statoil JV TCP area of 34,000 mi® (88,000 km?) and the
Anglo Coal TCP application area of 19,300 mi? (50,000 km2) is to the north and east of Shell's TCP. See exhibit
below.

Exhibit 2: TCP areas®

T T

Ecca Group
- Karoo Basin

Operator

: Anglo Ceal

I Faicon CEG

| sasolistata/Chesapaake

[

- -
Sources: I Sunssl Enargy
0 40 &0 160 240 320 PA South Africa, 201 0] Advanced Ressurees)
— Miles USGS. 2000 Inbemational, beg. b cy

Shale gas exploration intentions indicated during the first half of 2011 stretch across five of the nine
South African provinces, mainly the Western Cape, the Eastern Cape, the Northern Cape, the Free State
and Kwa-Zulu Natal.

In the event of commercially viable reserves of shale gas being discovered, the prospecting activity
would transform itself into development of gas extraction from the identified reserves. This part of the
overall gas supply and use chain is conventionally referred to as upstream production. In its most narrow
sense, downstream production would include distribution and application activities directly related to the
natural gas produced by upstream activities. It is important to note, for the purposes of macroeconomic
modelling outputs referenced in this report, downstream activities are taken to include these generally
accepted concepts of downstream activity, but also include suppliers to the upstream producers, as well
as suppliers to household and government consumption, and government and business fixed capital

formation, dependent upon the value of upstream gas production.

® Exhibit sourced from EIA report: “World shale gas resources: an initial Assessment of 14 Regions outside the US, EIA
April 2011.

% & # , - C9



$ B, 4 @

2. Primary Energy Resources in South Africa

The objective of this section of the report is to provide a summary understanding of energy usage in South
Africa, and to establish the existing relationship between energy resources and end user fuels like
electricity and automotive fuels. The importance of water in the fuel production chain is also highlighted, as

is South Africa’s international trade balance relating to energy.

Table 1: Energy Production, Consumption and Density Statistics of Top 30 Producers (Mt Crude Oil equivalents)

Energy

Production Energy Energy

Mt Oil Consumption GDP 2007 |Energy/GDP |Population - |Cons. Per |Area - SQ. [Energy/Area
Country Equivalent |Prod Rank |Mt. Qil Equiv Cons Rank |$ Bn Mt Qil/sbn___ [Millions Capita Km T Qil/Sq. Km
China 1641 1 1717 2 2645.00 0.65 1 323.60 1.30] 9560 900 179.6]
United States 1631 2 2340 1 13164.00 0.18 301 7.77| 9372610 249.7|
Russia 1185 3 647 3 987.00 0.66 1425 4.54] 17 075 400 37.9)
Saudi Arabia 577 4 140 14 349.00 0.40 25.2 5.56] 2200 000 63.6)
India 419 5 537 4 912.00 0.59 1119.50 0.48] 3287263 163.4
Canada 401 6 272 7 1272.00 0.21 32.6 8.34] 9970610 27.3]
Iran 304/ 7 163 12 218.00 0.75 70.3 2.32] 1648000 98.9)
Brazil 288 8 210 9 1068.00 0.20 188.9 1.11] 8511965 24.7|
Ausralia 271 9 122 16 781.00 0.16 20.4 5.98] 7682300 15.9
Indonesia 263 10 180 10 365.00 0.49 225.5 0.80] 1904 443 94.5]
Mexico 259 11 177 11 839.00 0.21 108.3 1.63] 1972545 89.7|
Norway 234 12 335.00 4.6 0.00 323 878
Nigeria 232 13 104 17 115.00 0.90 134.4 0.77 923 768 112.6]
Venezuela 205 14 61 20 182.00 0.34 27.2 2.24 912 050 66.9)
United kingdom 204 15 234 8 2377.00 0.10 59.8 3.91 242 534 964.8]
Algeria 175 16 115.00 33.4 2381741
United Arab Emirates 168 17 130.00 4.7 83 600
South Africa 159 18 128 15] 255.00 0.50 47.6 2.69] 1225815 104.4]
Kuwait 146 19
France 137 20 276 6 2248.00 0.12 60.7 4.55 543 965 507.4
Germany 135 21 345 5 2897.00 0.12 82.7 4.17 357 868 964.0)
Kazakhstan 122 22
Japan 100 23 4368.00 128.2 377727
Irag 96 24
Libya 95 25
Malasi 94 26 61] 21 151.00 0.40 25.8 2.36 332 665 183.4
Argentina 81 27 64 19 214.00 0.30 39.1 1.64] 2766 889 23.1]
Ukrane 81 28 143 13 106.00 1.35 46 3.11 603 700 236.9)
Poland 79 29 93 18 339.00 0.27 38.5 2.42 31268 2974.3
Egypt 76 30 61] 22 107.00 0.57 75.4 0.81] 1000250 61.0)

Source: Econometrix

By the year 2009, the size of the South African economy was ranked number 32 in terms of the size of its
GDP converted to US Dollars. Its production and consumption of energy, however, rank much higher in the
sample of 30 countries summarised in Table 1 above, indicating a relatively high use of energy relative to

overall economic production, and on both a per capita and geographic surface area basis.
2.1 End User Energy - Electricity

One of the initial objectives of establishing Eskom, namely the provision of cheap electricity, provided the
basis for economic development in the country until the 1980's when installation of too much new
generating capacity created an oversupply of electricity, with the resulting low prices creating significant

diseconomies, including:

e  Wasteful applications of electricity in industrial, transport and household settings.
e Distribution of surplus capacity to poor consumers, at zero or very low prices.

e  Scant regard for maintenance requirements in a regimen of cost saving.

e Lack of foresight at top political management level, which clearly lost the thread of the relationship

between GDP growth and power consumption.
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e Reduction of reserve margin for power generation to well below the 15% desired level (8 — 10% by
early 2008).

e  Capacity build programme therefore delayed, emerging in 2008 but should have been in place by 2003.

The comparatively low level of GDP produced for each unit of energy consumed within the South African

economy has three main causes.

Firstly, and probably most importantly, has been the fact that electricity has historically been very cheap
within South Africa — until 2007, the generation price of electricity was estimated as being the cheapest in
the world, and some 30% cheaper than the next economy, namely Australia. After 2007, the electricity
pricing position changed significantly, with annual average electricity price increases in excess of 25%
having taken place each year, with another already regulated for 2012, and Eskom being on record as
having indicated that it will apply for a further three increases in this order of magnitude to bring their price to

an equitable cost based pricing level.

Secondlyﬁ, the physical size of the South African land mass is equivalent to the whole of Europe, west of the
Russian border. In US equivalent terms, it is roughly the size of the state of Texas, but the GDP of South
Africa is considerably smaller than that of Belgium. This results in energy losses in the distribution of
electricity, and intermediate consumption of energy products in the distribution of other energy carrying

products such as petroleum and coal.

Thirdly, the diseconomies resulting from cheap electricity referred to above have led to intense energy use
in productive sectors (e.g. mining and downstream mineral beneficiation) relative to the value added by

those sectors and industries.

The table below provides a summary of dominant primary energy sources as they occur in the generation of
electricity around the world. Within each primary energy resource class, the numeric values alongside each

country listed within the class shows the proportion of electricity generated from the primary energy source.

! Country profile table at the end of the Pocket World in Figures 2012 (and earlier editions), published by the Economist
Newspapers.
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