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Please note this long-term framework planning is not a business or operational plan, and is unconstrained to capital planning and
independent to other more detailed Transnet business and operating division (OD) plans. The LTPF is only a planning tool, to guide
Transnet and all external and public stakeholders. The LTPF is published annually atwww.transnet.net .
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CBM CoalBedMethane
CCGT Closed(or Combined)cycle gasturbine.
CQGT electricity-generation turbines have higher efficiency than OGGT due to exhaust heat recovery and use.

CEF Central Energy Fund

CNG CompressedNatural Gas

DEA Department of Environmental Affairs

DOE Departmentof Energy

EIA Energy Information Agency (or Environmental Impact Assessment)
FSRU LNGFloating Storage and Regasification Unit

GHG Greenhouse Gases

GIIGNL FrenchAcronymfor International Groupof LNGImporters

GTL Gasto Liquids

GUMP Gas Utilisation Master Plan. DOBnitiative

HH Henry Hub natural gastrading marker price for the United Statesof America
IDZ Industrial Development Zone

IEP Integrated Energy Plan

iIGAS Subsidiary of CEFresponsible for gas infrastructure development
IPP Independent Power Producer

IRP Integrated ResourcePlan

JKM JapanKorea Marker i Natural GasTrading Marker Pricefor Asia

LNG Liquefied Natural Gas

MGJ Million Gigajoule

MJ MegaJoules

mmBtu Million British Thermal Units1 a unit of energy usedinternationally for pricing natural gas US$/mmBtu.
Note ImmBtu =1,055GJ.

mtpa Million tons per annum

MW Megawatt

NBP Natural BalancePoint i natural gas trading marker price for UK/Europe
NDP National Development Plan

NERSA National Energy Regulator of South Africa

NG Natural Gas

OCGT Open Gycle Gas Turbine
PIANC Permanent International Association of Navigational Congresses. Also known as the fWorld Association for
Waterborne TransportationInfra st r uct ur e 0

PPA Power PurchaseAgreement

ROMCO  Republic of Mozambique Pipeline Investments Company

SBM Single Buoy Mooring

SNG Synthetic Natural Gas

tef Trillion cubic feet = 28,3bcm = 1 054MGJ

tcm Trillion cubicmetres = 37 239MGJ= 724,9 million ton LNG= 35, 3tcf

TNPA Transnet National Ports Authority
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1. INTRODUCTION

1.1 THE NATURAL GAS CONTEXT

South Africads energy r es ourmorethan®@0¥%eof eleotnity genérated bytEgkont is feon coalired h
power stations. To align with the global objectives of lower greenhouse gas emissions, Government aims to diversify South Afri ¢ a 6 s
energy supply mix to improve security of energy supply and to reduce the overall carbon footprint of the country. Natural gas is an
obvious significant alternative energy source for South Africa. Other sustainable energy sources include nuclear power and
renewables such as solar, wind and hydro power.

The benefits of using natural gas as an energy source include higher electricity generating efficiencies and significantly lower
emissions when compared to coal fired power stations. The potential development and use of natural gas, including Liquefied
Natural Gas (LNG), within South Africa is inevitable. This would require significant new infrastructure and it is imperative that
Transnet plan accordingly.

An updated view of developments around natural gas, both regionally and internationally, is therefore required to fully understand
the potential impact it could have on the current and future business of Transnet.

While gas is currently supplied and distributed by Sasol to north eastern parts of the country, further development of a gas
economy and infrastructure in South Africa will require significant planning and investment. The required infrastructure includes
LNG import terminals, storage and regasification facilities, primary high-pressure gas transmission pipelines and secondary
distribution pipeline networ ks.

1.2 WHAT IS NATURAL GAS?

Natural gas is composed mainly of the gas methane (95 to 99%), which is the simplest of the hydrocarbon molecules (chemical
formula CH4). Depending on the location and characteristics of the production facility, natural gas also has small quantities of
heavier hydrocarbons ethane, propane, butane and pentane and other gases such as hydrogen sulphide (H2S), nitrogen and
water.

Natural gas is processed to remove nonthydrocarbons and heavier molecules to produce a consistent quality gas, usually controlled
in terms of heating or calorific value. Production of natural gas is usually characterised as conventional or unconventional gas and
these are described in Figure 1.

Natural gas is either transported via high pressure gas transmission pipelines, or it can be liquefied under cryogenic temperatures

(-162°C) and transported by ship as liquefied natural gas (LNG). Alternatively smaller volumes can be pressurised in containers and
transported as compressed natural gas (CNG).
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Conv entional Gas

1 Trapped gas in reservoirs on-shore or off-shore which
flows easily.

1 May or may not be associated with an oil reservoir.

Land surface

Conventional
gas

Conventional
oil

Tight sand—»r
gas

Unconventional Gas

1 Not associated with a gas reservoir.
1 Gasis interspersed with rock, tight sandstone formation or

coal seams.

Unconventional gas includes:

Shale Gas

1 Gas accumulation is locked in tiny bubblelike pockets
within layered sedimentary rock such as shale.
1 Production method consists of fracturing the shale rock to

release the gas to the surface.

Tight Gas

1 Gas is interspersed within low porosity silt or sand areas.
1 Production method consists of fracturing the shale rock to
release the gas to the surface.

Coal Bed Methane i CBM
Methane gas is loosely bound (absorbed) by coal.
Coal beds can retain six to seven times more gas than
rock.

1 Production methods consist of removing water (pumping)
from coal seams which reduces pressure and releases gas

to the surface.

Shale gas extraction

Water table

Gas flows out
Water, sand and

==

‘Reduced water
pressure

Submersible
- pump

Figure 1: Characterisation of Conventional and Unconventional Natural Gas
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1.3 NATURAL GAS POTENTIA L APPLICATIONS

The primary use of natural gas globally is in the combustion of the gas for the generation of electricity and for the provisi on of
direct energy and heating for industrial, commercial and domestic processes.

Compressed natural gas (CNG) and liquefied natural gas (LNG) is used as fuel in the transportation sector in vehicles such as cars,
trucks, locomotives and as bunker fuel for ships. Natural gas is also used as feedstock for conversion processes for the production
of petrochemicals and fuels (gas to liquids plants). The various uses of natural gas are illustrated in Figure 2.
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Figure 2: Natural Gas Applications

1.3.1 TRANSPORTATION FUEL

The trucking industry uses LNG and CNGas fuel to meet environmental emission standards and to reduce fuel costs; examples
being China and the United States of America (predominantly California).

The use of LNG or CNG as vehicle fuel requires investment in refuelling stations and storage faciities. Currently South Africa is
piloting a CNG fuel network facility in Langlaagte, Johannesburg, which was commissioned in March 2014 and is run by CNG
Holdings. The customer base is a taxi fleet and other commercial vehicles. CNG Holdings also operate asecond site on the West
Rand.

1.3.2 LNG AS MARINE BUNKER FUEL

LNG is used as bunker fuel for marine transport, mainly to meet strict environmental emission standards in Europe and US.
Currently there are few vessels that are capable of using LNG as bunker fuel, but the market is expected to develop over the next
15 to 20 years. For the South African ports to provide this service, LNG importing and bunkering infrastructure will have to be
developed.
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1.3.3 SMALL-SCALE LNG SUPPLY

LNG can now also be stored and transported on a small scale in containers which can be transported by ship, rail or road. The ISO -
containers hold approximately 27 tons of LNG. The -aNiG gas&ewhe
small amounts of the LNG is vaporised to create the refrigeration effect to keep the temperature cryogenic (below -1620C). Figure

3 shows examples of small scale LNG supply.
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Figure 3: Small Scale LNG Transportation Modes

Small scale LNG is suitable for small scale powergeneration of between 20 to 50 MW. This is typically used by the private sector to
supply emergency backup power. Mid-merit or base load electricity generation typically requires LNG facilities with a capacity
greater than 1mtpa for the required economies of scale.

1.4 NATURAL GAS SUPPLY CHAIN

Total global production of gas (2012/13) was 3 370 billion cubic metres (bcm) of which 83% constituted conventional gas and 1 7%
unconventional gas (shale gas, tight gas and CBM). This is based on global natural gas sipply and demand at the end of 2013. The
unconventional gas production is based on 2012 data.

The total global gas trade (imports and exports) in 2014 was 1 036bcm, of which 69% was piped gas and 31% LNG. The overall
gas supply chain volumes are shown in Figure 4.
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Note: all figures are given in Billion Cubic Metres (bcm) at

standard temp and pressure.

The difference between global production and INTERNATIONAL
consumption is due to storage stock variations and IMPORT/EXPORT
disparities in definition and measurement.
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Figure 4. Global Natural Gas Supply Chain Volumes
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1.5 GLOBAL PIPED GAS AND LNG TRADE

North America and Europe are the dominant piped gas markets, whereas the major suppliers such as the Middle East, Indonesia,
Australia and Nigeria that connect with the key Asian markets are generally served by the LNG industry. This is illustrated in Figure
5.
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Figure 5: Pijped Natural Gas and LNG Trade Volumes in Billion Cubic Metres (bcm)

The proportion of piped natural gas trade remains more than double that of LNG trade, however, with the expected commissioning

of new LNG liquefaction plants in Australia and with United States of America LNG exports possibly entering the market over the

next five to 10 years, the LNG industry is expected to grow t o a larger portion of the overall global natural gas trading market.

Gas developments in southern Africa (Mozambique, Tanzania and Angola) will be primarily selling and transporting their gas
resources, to international markets, in the form of LNG. When gas needs to be transported less than

3 000km then pipeline options become more viable and should be considered. Both LNG and pipeline gas should be considered
when supplying South Africa with gas from Mozambique.
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Historically the prices of natural gas varied significantly between regions due to distances between gas sources, fixed off-take
points and gas markets. Due to the fact that gas supply and demand is relatively localised in regional geographic terms (as a result
of significant costs associated with liquefaction and shipping), there are various markets and price trends to consider.

The key gas trading marker prices are:

1  The Henry Hub (HH) for North America: This is a distribution hub on the natural gas pipeline system located in Louisiana
that serves as the official delivery location for futures contracts on the New York Mercantile Exchange (NYMEX);

The National Balancing Point (NBP) for the United Kingdom: This serves the UKEurope gas market; and

The Platts Japan Koea Marker (JKM): This serves the Asian market, Japan and South Korea, and are the largest importers
of LNG in Asia.

1
1l

The natural gas price has been on a steady decline since the end of 2014. Reasons for this include:

1 Lower crude oil prices which influences crude indexed pricing of natural gas;
1 Lower economic growth in China and the rest of Asia;

1 Japan is closer to restarting their nuclear reactors;

1 Lower coal pricing which prompts switching from gas to coal; and

1 Expected oversupply of LNG production over the next five to 10 years.

Figure 6 shows how the Brent crude oil and gas prices have varied over the last few years with a significant downward trend o ver
the last few months.
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Figure 6: Natural Gas Pricing Trends in the United States of America, Europe aid Asia (Price Data from Platts)

The anticipated new LNG liquefaction projects due to be commissioned are shown in Figure 7, where over 110 million tons per
annum of liquefaction capacity is expected to come online over the next five
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years, more than half of which will come from Australia. Other countries adding to this capacity include Papua New Guinea,
Malaysia, Indonesia, Russia and the United States of America. This additional capacity represents almost 50% more than the

current LNG market of 237 million tons per annum.

Figure 7: New LNG Liquefaction Capacity Due to Come Online

Many LNG liquefaction projects are delaying final investment decision due to the lower prices. However, projects already well
developed, especially in Australia, will tend to keep the supply greater than the demand, hence lower gas prices. The global market
looks to be entering a new phase of lower and more convergent regional gas prices since buyers will be able to shop for the b est
prices in a competitive market. Buyers should be able to diversify their supply sources and negotiate supply contracts that provide
better flexibility especially if their contracts involve large volumes, similar to what occurs in the crude oil supply market . According
to Platts, spot trades generally represent around 20% of the LNG volumes traded yearly. While the LNG market continues to be
dominated by traditional 20 - to 30-year long-term contracts, there is a marked movement towards shorter term and spot deals. In
the view of Platts, there is a strong call in the Asian markets to move away from oil -indexation, together with de -linking LNG prices

from other commodities.

About 80% of the landed cost of LNG relates to upstream costs in the supply chain. Typical relative costs are shown in Figure 8:
The shipping costs vary depending on the distance between source and destination market.
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