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Shale Gas

Shale gas is natural gas that is found ftrapped within shale for-
mations. Shale is a fine-grained sedimentary rock formed by the
compaction of silt, clay or sand that accumulates in deltas and on
lake and ocean bottoms. It is the most abundant of all sedimen-
tary rocks and can be a rich source of petroleum and natural gas.

Composition of shale gas is similar to that of natural gas in con-
ventional reservoirs. Shale gas contains 75-95% methane, which
is the most valuable component for extraction. Other compo-
nents include nitrogen, ethane, propane, oxygen, carbon dioxide
and the noble gases. Shale gas is used for generating electricity,
heating and cooking, and as such is no different from other natu-
ral gas.

Shale gas is classified as an ‘'unconventional' natural gas. The
term unconventional relates to the technology needed to extract
the shale gas. This is different from the technology used to
extract ‘conventional’ natural gas. Shale gas is considered as a
safe, reliable and clean energy source, emits 50% less carbon
dioxide than coal, and has a relatively low sulphur content. It was
first extracted as a resource in the US in the early 1800s, but
was never extracted economically until 1980's. At present, the
US and Canada are recognized as the only fwo countries that can
utilize shale gas resources efficiently and economically.

Extraction of Shale Gas

Unlike most natural gas, shale gas is held in rock pores up to
20,000 times finer than a human hair and for this reason will not
flow freely into a well. Special technology has to be employed to
extract shale gas safely and economically, and the method is
known as hydraulic fracturing or ‘fracking’. Almost all shale gas
wells drilled in the US at present are using this method of ex-
traction.

The principle of fracking is to create small fissures in the shale
formation near the wellbore to release the natural gas inside the
rock. The process involves pumping a fluid into a borehole at a
constant rate and at high pressure to fracture or open disconti-
nuities. As the existing pathways within the shale formation are
connected, natural gas can flow more easily from the formation
to the wellbore. Water and sand make up 98% of the fracking
fluid; water is used to open the pores in the rock and inject sand
into it, while the sand is used to keep the fissures open. The
remaining 2% of fracking fluid consists of different kinds of
additives like acid and antibacterial agents. Waste water that
comes back out of a shale gas well is called flowback fluid, which
amounts to 20% to 40% of the original fracking fluid.

Fracking is used together with horizontal drilling. In horizontal
drilling, a well is drilled from the surface downward to a point
where the borehole is furned and the well drilled along a horizon-
tal plane. Although the cost of horizontal drilling can be 3 times
more than that of a vertical well used in the extraction of con-
ventional natural gas, a horizontally drilled well allows greater
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exposure o the shale reservoir which then allows more natural gas to
migrate intfo the wellbore. This largely solves the problem of the low
permeability of shale formations.

Fracking is a highly sophisticated and complex technological operation
with a high cost.

Social and Environmental Issues

Although shale gas is considered as a clean and green energy, the extrac-
tion of shale gas raises social and environmental concerns in relation to:

Groundwater contamination - Groundwater could potentially to be con-
taminated during the extraction by the shale gas itself, the fracking
fluid and the flowback fluid released. A recent study has identified 65
chemicals that are probable components of fracking fluids. These include
benzene, glycol-ethers, toluene, 2-(2-methoxyethoxy) ethanol and nonyl-
phenols. Also, large amounts of flowback fluids have to be stored, dis-
posed and freated to minimize their negative impacts fo the environment.
Groundwater that is contaminated is likely to have severe effects on the
quality of surface water and drinking water, and may affect natural habi-
tat.

Leakage of Methane - During the extraction of shale gas by fracking,
there is a possible risk from the leakage of methane into the atmos-
phere. Methane is estimated to be 72 times more potent than carbon
dioxide as a greenhouse gas on climate change. The leakage of methane
may offset the benefit of shale gas as a green energy.

Land and community - The development of shale gas can significantly
change landscapes and the character of rural and residential areas.

Selsmic Activity - There has long been a concern that fracking could
induce seismicity, although it is currently believed that there are no
significant effect.

US Shale Gas Boom

The US shale gas industry has experienced an extraordinary boom in the
past decade. Shale gas made up just 1.6% of the country's total natural
gas production in 2000, but this increased significantly to 23.1% in 2010.
Starting in the late 1970s, the US government implemented a series of
policies fo promote the development of shale gas and other unconven-
tional natural gas. These policies included incentive pricing, tax credits,
R&D programs for unconventional natural gas and policies promoting in-
dustry restructuring.

Another factor that triggered the rapid development of shale gas was
high natural gas prices in the early 2000s. The increased profit margin
attracted existing firms and new entrants to invest into existing or new
shale gas projects. Eventually, the increase in supply of shale gas has
driven down natural gas prices.

The US had already fulfilled two prerequisite conditions before the
boom of the shale gas industry. First, sufficient water is generally avail-
able for fracking. Second, the network of pipelines to transport natural
gas to the markets had been extensively developed before the rapid
development of shale gas. Countries new to shale gas should look at the
American success story for generating attractive policies and a favor-
able market environment.

Shale Gas Resources

According to the US Energy Information Administration (ETA), China has
the largest shale gas resources in the world (1275 t.c.f.), followed by the
US (862 t.c.f.), Argentina (774 t.c.f.), Mexico (681 t.c.f.) and South Af-
rica (485 t.c.f.). - Note t.c.f. is trillion cubic feet.

The Sichuan and the Tarim are two large sedimentary basins in China
that contain shales with excellent potential for shale gas development.
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China also has other five sizeable but less prospective shale gas basins.

The Sichuan Basin is located in south-central China and covers a large
area of 211,000 km? The structure of Sichuan Basin is quite complex
with extensive folding and faulting, which increases the difficulty in
drilling the horizantal wells needed to extract shale gas.
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Left: Map of 48 major shale gas basins in 32 countries; Right: Major shale gas basins and pipeline system of China (Source: EIA)
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The Tarim basin is located in Xinjiang Uyghur Autonomous Region in
western China, and covers a total area of 607,000 km? The main chal-
lenge for extraction is that much of the shale is relatively deep for shale
gas development (>450 m).

Current Development of Shale Gas in China

The Chinese government believes that the development of shale gas will
greatly benefit the environment. Natural gas is a cleaner source of en-
ergy than coal, which is the main energy source of the country at pre-
sent. If shale gas production can meet its 2015 targets, annual carbon
emissions will be reduced by 10 million tonnes.

The 12th Five-year Plan issued in March 2012 sets out a development

plan which lays out an overall target and four milestones to be achieved

during 2011 to 2015. These include:

x  Completion of a nationwide shale gas survey and appraisal

x  Production output to reach 6.5 billion cubic metres by 2015

x  Development of suitable methods, technologies and equipment for
Chind's shale gas survey, appraisal, exploration and production

x  Establishment of technical standards, rules and polices regulating
the following activities in relation to China's shale gas development,
such as reserve survey, appraisal and certification, test and analy-
sis, exploration and production, and environmental measurements

On 1 November 2012, the Ministry of Finance and the National Energy
Administration jointly announced that a subsidy of RMB 0.4 / cubic me-
tre will be granted for shale gas produced in China during 2012 to 2015.
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Although China has held two rounds of auction of exploration rights
which include 23 exploitable shale gas blocks in total, at present the
country is producing ho commercial quantities of shale gas.

Risks of Investing in Shale Gas in China

China's shale gas industry is still in its infancy stage and there are
several risks that need to be taken into account for an investor.
These are as follow:

Lack of extraction technology - Lack of drilling technology and domes-
tic expertise are key obstacles to China to exploit its shale gas re-
sources, although the government would like to introduce foreign
technology by encouraging domestic firms fo cooperate with foreign
firms.

Geology challenges - The geology of most US shale basins is rigid,
making the fracking technology for the extraction more effective and
efficient. On the other hand, Chinese shale formations are deep and
have much higher clay content. Such geology is less susceptible to the
existing fracking technologies. The cost of drilling a single shale gas
well in China is estimated to be US$ 5 - 12 million, while that in the
US is US$ 3 - 5 million.

Water shortages - Most shale gas basins are located in regions that
are facing problems of water shortages. Lack of water greatly re-
stricts the size of production since fracking requires vast quantities
of water. Chesapeake Energy states that depending on the depth of
the well, 65,000 to 600,000 gallons of water is required for drilling of
a typical shale gas well.

Natural gas pipeline system - China lacks a widespread pipeline infra-
structure to transport the shale gas produced across the country
efficiently. The gas pipeline network of China is 50,000 km, while that
of the US is 400,000 km.

Lack of clear policy - There is still no clear policy on technological and
environmental requirements for shale gas exploration and extraction,
which poses high uncertainties in shale gas projects' profitability.

Lack of incentives - The current level of subsidy at RMB 0.4 / cubic
mefre may not be attractive. Also, natural gas prices are partially set
by the government, and can dissuade shale gas investments.

Some Notable Shale Gas Companies in the World

ExxonMobil is an American multinational oil and gas company headquartered in
Texas, US. It is the largest publicly traded oil company in the world and is con-
sidering buying a stake in the Bowland shale gas project in Lancashire, UK.

Royal Dutch Shell is an Anglo-Dutch multinational oil and gas company headquar-
tered in the Hague, Netherlands. It has signed a production sharing contract
with China Nation Petroleum Corp, the largest oil gas company in China, and will
spend at least US$ 1 billion to explore, develop and produce shale gas in the
Fushun-Yongchuan block in the Sichuan Basin.

Chesapeake Energy is an Oklahoma-based oil and natural gas company and is the
second-largest producer of natural gas in the US. It is one of the major shale
gas players in the US.
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Encana Corporation is headquartered in Calgary, Canada and is focused on grow-
ing its portfolio of diverse resource plays producing natural gas, oil and natural
gas liquids. It has partnered with foreigner companies such as Mitsubishi and
PetroChina to develop shale gas projects in Canada.

BP PLC is a British multinational oil and natural gas company headquartered in
London, UK. In 2010, it teamed up with a Sinopec subsidiary to explore shale gas
in Guizhou Province, China.

PKN is a major Polish oil refiner and petrol retailer. It has 10 shale gas explora-
tion licenses in Poland.

Disclaimer

The content and comments in this newsletter are provided for educational and
marketing purpose and for general distribution only and cannot apply to any
single set of specific circumstances. We publish this newsletter only for or sub-
scribes in Hong Kong. All care is taken in producing this newsletter; however, we
accept no responsibility for accuracy of info supplied.
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