
1General Summary

Natural gas is an efficient, easy to use fuel. There
are abundant resources, and advances in tech-
nology have brought increased supply and lower
costs. The golden age of natural gas has arrived,
and in the future it will play an even greater role
in the global energy system. In China, the
development of the natural gas industry must be
promoted as part of the optimisation of energy
resources to control atmospheric pollution while
meeting the energy needs for economic growth.
Efficient, safe and sustainable development of the
natural gas industry requires the rationalisation of
the structure of the industry, greater demand,
increased supply, improved safety, higher effi-
ciency and the creation of a modern natural gas
industrial system and government management
system. This will lead to natural gas becoming
one of the main energy sources in China.

1.1 Global Trends in the Natural
Gas Industry

1.1.1 Abundant Resources,
and a Greater Role
for Natural Gas
in the Future

According to International Energy Agency
(IEA) statistics, global current natural gas
resources stand at 751 trillion m3, and at the
present levels of production, these can be
exploited for more than 200 years. These
resources include 420 trillion m3 of conventional
gas reserves and 331 trillion m3 of unconven-
tional gas reserves, with the latter including
206 trillion m3 of shale natural gas, 76 tril-
lion m3 of tight natural gas and 47 trillion m3 of
coalbed methane. The proven reserves (resources
which can be extracted under current economic
and technological conditions) are estimated at
185.7 trillion m3 and can be exploited for more
than 50 years. Moreover, the new resources
discovered every year exceed consumption, and
natural gas resource to production ratio of 55.1 is
showing a steady upward trend. It is, therefore,
safe to conclude that in the future gas reserves
will remain abundant.

The importance of natural gas in the global
energy structure is growing all the time. The
global consumption of natural has grown by
approximately 2.7% between 2005 and 2014, the
fastest of any fossil fuel (BP 2014). Assuming
continued strong consumption growth in the
future, natural gas consumption may increase at
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approximately 2% per annum until 2030, and by
2035 it will become the largest primary energy
source (IEA, Current Policies Outlook). The total
supply and demand for natural gas is expected to
have grown from 3.1 trillion m3 in 2010 to
approximately 5 trillion in 2030 (Fig. 1.1).

Recently, due to factors such as sluggish
economic recovery, the low price of coal and
large subsidies received by the renewable energy
sources industry, the growth in the demand for
natural gas in developed countries such as the
EU, the USA and Japan has been limited.
Demand in non-OECD nations is much higher,
and is expected to continue to be so: in the period
up to 2030, non-OECD countries are expected to
account for 80% of the increase in global natural
gas consumption.

1.1.2 Changes to the Global Trade
and Pricing, and a More
Interconnected Market

Advances in liquefied natural gas (LNG) tech-
nology have greatly changed the global natural
gas trade, and the proportion of LNG in global
trade is gradually growing. In 2013, the volume

of the international gas trade stood at 1 tril-
lion m3, of which 320 billion (32%) was LNG
(IGU 2014). This share has grown and diversi-
fied dramatically over the last few decades. In
1990 there were eight LNG-exporting countries
and nine LNG-importing countries. The numbers
have now grown to approximately 30 and 20
respectively, and future estimates are that this
will continue to grow, creating a much more
liquid global market. There have also been
extensive changes in which nations export LNG.
Australia’s production capacity has been growing
rapidly, and recent investments into seven LNG
projects there will bring its total annual capacity
to 85 billion m3 (95 billion m3 if projects under
construction in neighbouring Papua New Guinea
are included). The success of the shale natural
gas industry in the USA has turned the country
into another potential exporter. The capacity of
LNG projects now under construction worldwide
is now estimated at 130 billion m3, and if these
projects become operational as planned, total
global annual production capacity of LNG is
expected to rise from 390 billion m3 in 2012 to
approximately 520 billion by 2017. Exports from
Australia, the United States and Canada are
expected to affect the global LNG trade structure
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the most, and with this change come both ben-
efits and risks to China’s LNG imports.1

The pricing of natural gas has also been
changing. Formerly dominated by linkage to oil
price and by long-term supply agreements, now
there is a diversity of methods in modern markets
for setting the price for natural gas, and there is
also regional variation in prices.2 The 2014
report by International Gas Union (IGU) showed
that just 19% of natural gas was linked to oil
price (Fig. 1.2).

Changes in the natural gas trade and pricing
methods have increased the interconnectivity of
natural gas markets. Previously, gas markets
were regional—Europe, Asia and North America
were the three main regional markets, and the
was a large price differential between them,
caused by the regional differences in resources,
transportation methods and pricing methods.

North American prices were the lowest, followed
by Europe and then Asia. In extreme cases, Asian
prices were double those in Europe and quadru-
ple those in North America. With the changes in
trade and pricing mechanisms, the interaction
between the markets will strengthen, reducing
the price gap, and putting the global market on
the road to greater integration.

1.1.3 Falling Oil Prices and Their
Effect on Natural Gas
Markets—but no Great
in the Price of Imported
Gas in China in the
Medium to Long Term

International oil prices, which in June 2014 stood
at over 100 $/bbl (Brent), have more than halved,
and in October 2015 were below 50 $/bbl.
Where gas price is linked to oil price, this has
meant a substantial fall in gas price. In Japan,
LNG prices fell from 20 $/MMBtu in 2014 to the
current level of 7 $/MMBtu. Gas-importing
countries whose supply agreements are based
mainly on spot prices or short-term contracts
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1For Australia, the United States and Canada, LNG
development has an influence on Chinese imports. Further
discussion is provided in Sect. 8.3.
2Contracts linked to oil prices can also be competitive, but
it is fixed-price gas contracts that are generally more
competitive, and are able to more rapidly respond to
changes in the market.
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have also seen a fall in the cost of imports. As for
the gas supplier countries, the largest impact was
on current projects under construction, as many
of those had been launched with the expectation
of high oil prices, and the profitability of such
projects will have reduced, with some perhaps
becoming no longer profitable. Falling oil prices
have also greatly affected planned natural gas
projects in the long term. The total capacity of
projects where final investment decision has been
made is 30 billion m3, and for those at the
Front-End Engineering Design phase is 370 bil-
lion, while the capacity of projects at even earlier
phases has reached 500 billion (IGU 2014).
Falling oil prices have affected the investment
process for several of these projects. The final
investment decision has been postponed, for
example, for the Browse gas project in Australia
and for Canada’s Pacific Northwest Project. The
global fall in oil prices is caused adjustments in
natural gas markets. The falling oil prices have
resulted in natural gas supply being lower than
predicted, and this will, to a certain extent, pro-
vide a limit to how low international natural gas
prices can sustainably fall.

Causes of the Current Fall in Oil Prices
and Future Trends
The shale oil and gas revolution in the
United States has changed the global oil
and gas supply structure and changed the
international balance of power as regards
price control.

The breakthrough in the shale oil
industry stem originated in advances in
the US hydraulic fracturing technology,
and in 2011 the supply of natural gas
overtook demand, leading to a fall in
prices. The effects of the shale revolution
the made themselves felt in oil, and there
was a large increase in US oil output in
2011, with supply rising from 5.5 million
barrels per day to 9.3 million in 2014, an
increase of 3.8 million barrels per day in
just three years. This increase allowed the

United States to overtake the output of
both Iran and Iraq, the number two and
number three OPEC producers, the
equivalent of the United States having
become, in the space of three years, a
major OPEC nation.

More importantly, the shale oil and gas
revolution has changed the international
balance of power in price control. Previ-
ously, oil supply capacity and demand
were such that Saudi Arabia was able to
regulate market balance using its spare
capacity of 2–3 million barrels per day—
they were effectively able to set oil prices.
Currently US shale oil output is 4.2 million
barrels per day and production is able to
respond rapidly to higher market prices.
The result is a flattening of the global oil
supply curve and a reduction in the ability
for Saudi Arabia to use its capacity to
manage international oil prices.

The slowdown in Chinese demand has
also greatly affected the global demand for
oil. Demand in China grew by an average
of 6.5% per year between 2004 and 2013,
an annual increase of 500 million barrels
per day, accounting for 45% of the annual
global increase of 1.1 million barrels per
day. In some years the increase in demand
for oil in China exceeded 1 million barrels
per day, and the oil bull market of the past
10 years is to a certain extent attributable
to this rapid growth of Chinese demand.
However, recently there has been a slow-
down in the growth of China’s oil demand,
with growth falling to 3.7% or 0.39 million
barrels per day. In 2014, growth fell fur-
ther, to 2.3% or 0.22 million barrels per
day, slipping below the past 10-year aver-
age. The slowdown in the growth of the
Chinese economy might have become the
norm, and the situation of demand
exceeding supply caused by high-speed
Chinese economic growth might never
return.
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The medium- to long-term view is that the oil
prices may recover to 70–80 $/bbl, with the
average cost of US shale oil at 60–70 $/bbl. As
global demand gradually grows, it will absorb
the spare capacity we see now, and international
oil prices will again exceed the cost of supply of
shale and other unconventional oil.

Therefore, in the short and medium term,
natural gas supply will exceed demand.
Asian natural gas spot prices may slide to below
7–8 $/MMBtu. This can be an opportunity for
China to expand natural gas usage, provided
there is timely liberalisation of imports. In the
medium to long term, if there is to be increased
use of natural gas this will require improvements
in the efficiency of usage and a rationalised
pricing system. Also, the costs of natural gas
exploitation, liquefaction and transportation in
Australia, the United States and East Africa are
high, and, once delivered to Chinese ports, the
price is expected to exceed 10 $/MMBtu.

1.1.4 China’s Share of the Global
Natural Gas Market Is
Slowly Growing—China
Must Become an Active
Player in the
International Natural Gas
Market

In 2014, China’s consumption of natural gas
stood at 183 billion cubic metres—less than 5%
of the world’s total—but it is expected to rise
quickly in the future. According to several dif-
ferent development strategies, by 2030 China’s
consumption of natural gas will rise to 450–
570 billion m3 (9–12% of total global con-
sumption) and account for 15–25% of the global
increase in natural gas demand.

The increase in China’s natural gas con-
sumption is not expected to lead to a marked
increase in global prices. First, China has abun-
dant resources of natural gas, and domestic

production can cover part of the increase in
consumption. Second, global natural gas resour-
ces are plentiful. If China sends out a clear
demand signal to global markets, this can stim-
ulate upstream investment to expand future sup-
ply capacity, without having a significant impact
on global gas price. Third, ending the national
reliance on coal will cause Chinese coal prices to
fall, and, as China accounts for over 50% of
global coal consumption, this could have a
material impact on international coal prices.
Developing countries, more sensitive to eco-
nomic costs, may increase their coal consump-
tion and reduce their consumption of natural gas,
thus triggering a global crowding-out effect and,
to a certain extent, hedging against the rise in
price caused by the increase in Chinese demand.
Quantitative model analysis shows that active
measures to increase the consumption of national
gas would only lead to an approximately 4%
increase in international gas prices.

China must stop being a natural gas consumer
nation, passively accepting natural gas market
prices, and should, using trade and investment,
play an active role in the international natural gas
market. Chinese enterprises could play this role
via equity investment, joint development and
provision of technical services. By implementing
the ‘One Belt, One Road’ development strategy,
China will have an opportunity to establish an
in-depth partnership with major natural
gas-producing countries such as Russia, Turk-
menistan, Qatar and Iran. This is undoubtedly a
great opportunity for China to connect to the
global natural gas industry. Moreover, China can
actively move forward the core natural gas con-
struction projects, raising its status both in the
domestic market and in the East Asian market.
By 2030, the demand for natural gas from
developing countries, such as India, is expected
to enter a phase of explosive growth and China
would be able to be proactive, yet operate from a
position of security, in the face of global market
competition.
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1.2 China’s Natural Gas Supply
and Demand and Its Primary
Challenges

1.2.1 The Chinese Economy’s New
Normal

The characteristics of China’s new economic
normality are as follows. First, the speed of
economic growth has shifted from fast to med-
ium. According to forecasts, GDP growth during
the 13th Five-Year Plan period is expected to be
in the region of 6.66%, followed by 5.56%
between 2021 and 2025, and 4.64% in 2026–
2030. It is hoped that in 2020 GDP per capita
will reach $10,000 (using 2013 fixed prices and
basing the calculation on an annual appreciation
rate of yuan renminbi of 0.5%), rising to 20,000
in 2030. The second characteristic is the struc-
tural change in the Chinese economy. Currently
the Chinese economy is in the late stage of
industrialisation, which is expected to be com-
pleted by 2020. The industrial structure is
expected to change—the proportion of the ser-
vice industry in the economy is expected to rise
to 53.1% in 2020 and 61.2% in 2030, while the
contribution of secondary industry will shrink to
39.8% and 33.4%, respectively. In the industrial
sector, the contribution of heavy chemical
industry will decrease, with the demand for steel,
cement and other heavy chemical industry
peaking around the period of the 13th Five-Year
Plan. As far as energy is concerned, China’s
demand will go back to medium growth from fast
growth. Model predictions tell us that in 2020 the
total energy consumption will reach 5 billion
tons, a 3.4% average annual increase between
2010 and 2020, and in 2030 the energy con-
sumption will increase further to 5.7 billion tons.

1.2.2 Growth Natural Gas Demand
in China

Even though there has been a slowdown in
economic growth and energy demand, the
demand for natural gas will continue to increase
for a period of time in the future. The first reason

is the low contribution of natural gas to total
energy consumption. In 2014 Chinese con-
sumption of natural gas stood at 183 billion m3,
which, according to the latest statistics, accoun-
ted for 5.8% of total energy consumption that
year. Globally, that proportion stands at 23.8%,
with more than half of countries at 20–40%.
During the 30-year period between 1982 and
2012, the United States, Japan, Germany and the
United Kingdom saw the part played by natural
gas in their energy consumption grow from 23, 9,
12 and 27%, respectively, to 40, 33, 29 and 45%.
The same statistics for the emerging economies
of Turkey, Malaysia and Egypt show an increase
from 1, 2 and 9% to 41, 48 and 63% respectively,
a huge increase for both the developed and the
emerging economies.

The second reason is that the expansion of the
services industry, growing urbanisation and the
control of atmospheric pollution all spur on the
continuing growth of natural gas consumption.
The data for the developed countries shows that
for each 1% increase in the service industry there
is a corresponding 0.84% increase in the contri-
bution of natural gas to the total energy con-
sumption. One cause for such a close link
between the growth of the service industry and
the increase in natural gas consumption is that
the demand for high-quality energy sources rises
with economic development, and especially with
the growth of the services industry. The second
cause, and an important one, is the people’s
demand for clean air, a consequence of growing
urbanisation, accompanies the growth of the
services industry. The experience of developed
countries shows a close relationship between
natural gas consumption and fine particulate
atmospheric pollution—as the role of natural gas
in energy consumption rises, it is followed by a
large drop in the airborne concentration of fine
particles.

We have carried out a quantitative scenario
analysis on the future demand for natural gas.
The results of the analysis are as follows. Under
the “business as usual” scenario, in 2015 the
demand for natural gas approaches 200 bil-
lion m3. In 2020 it will break the 300 billion m3

barrier, and in 2030 it will exceed
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450 billion m3. The fastest growth is expected to
occur in residential usage: gas, heating, transport
and electricity generation. Despite the predicted
fast growth in natural gas consumption under the
“business as usual” scenario, the targets for nat-
ural gas industry development stipulated in the
12th Five-Year Plan and the Medium- to
Long-Term Energy Resources Development
Strategy will not be met. This clearly illustrates
that, in order to meet these targets, more effective
policies must be adopted to further boost the
growth of the demand for natural gas.

Using model testing we have concluded that
the most effective economic measures are the
strengthening of environmental regulation and
the setting of carbon prices by introducing car-
bon trading and carbon tax. Under the conditions
of stronger environmental regulation and carbon
pricing, the Chinese demand for natural gas may
indeed reach the 12th Five-Year Plan targets of
consumption of 350 billion m3 by 2020 and
580 billion by 2030. These policies will lead to
the proportions of natural gas in national energy
consumption of 10.8 and 15.4% respectively, a
large increase on the 2014 figure of 5.8%
(Fig. 1.3).

Under the policy scenario, the areas where the
increase in natural gas consumption is expected
to be the fastest are those sensitive to changes in
the coal prices and in the environmental costs.
These include gas heating, gas electricity gener-
ation and transport. Compared with the “business
as usual” scenario, in 2030 the consumption of
natural gas for electricity generation will rise to
45 billion m3. Gas heating is another area with
great demand potential, which is also very sen-
sitive to cost changes, and under the policy sce-
nario, the consumption of natural gas for heating
is expected to rise to 30 billion m3. For the other
areas, such as the residential use of gas, the
changes in demand are relatively small
(Table 1.1).

1.2.3 Potential to Expand Domestic
Natural Gas Supply
and Import Capacity
in China

The statistics tell us that China is rich in coal,
lacks oil and is poor in natural gas—but in fact
China has rather abundant natural gas resources.
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According to Ministry of Land and Resources oil
and gas data for 2013, China’s conventional gas
resources stand at 68 trillion m3, of which
40 trillion m3 are recoverable. China also pos-
sesses extensive unconventional gas resources,
comparable in size with its conventional resour-
ces—25 trillion m3 of recoverable shale natural
gas and 11 trillion m3 of recoverable coalbed
methane. As for newly discovered proven
resources, in 1986–1990 less than 40 billion m3

of natural gas deposits were confirmed, in 1991–
1995 this figure rose to almost 100–150 bil-
lion m3 in 1996–2000, to 300 billion m3 in
2001–2005, to 320 billion m3 in 2006–2010, and
in the three-year period between 2011 and 2013
the proven geological reserves exceeded
600 billion m3, reaching the 1.1 trillion m3 mark
in 2014. The volume of the recoverable newly
confirmed reserves exceeds 500 billion m3, and,
based on the data from the previous years, we
can expect proven resources to continue to grow
in the future. China’s production of conventional
natural gas billion cubic metres in 2014 was
128 billion m3 with, in addition, 2.6 billion m3

of coal seam gas and 1.3 billion m3 of shale
natural gas.

China might possess abundant natural gas
resources, but even so, natural gas extraction in
China is very difficult and the costs high. One
third of all the recoverable natural gas in China is

tight natural gas, deemed to be an unconven-
tional resource outside China, and its extraction
is more difficult and expensive than that of the
common natural gas. Many of the conventional
gas deposits in China lie very deep, are rich in
sulphur and have high extraction costs. China has
very rich shale natural gas resources, but, apart
from few locations such as Fuelling in Chongq-
ing, most of the deposits of shale natural gas are
situated at great depth with difficult surface
conditions, and the exploration and exploitation
costs are thus higher than in the United States.
Innovation, both in technology and in organisa-
tion, is needed to exploit the full potential of
these resources.

Analysis has shown that, with things organ-
ised as they currently are, by 2020 conventional
gas output may reach 180 billion m3, shale nat-
ural gas 40 billion m3 and coal seam gas
10 billion m3, bringing total natural gas output to
230 billion m3. In 2030, conventional natural gas
output will rise to 260 billion m3. The total
output of shale natural gas is expected to rise to
80 billion m3, as the output from Southern
Sichuan and East Sichuan’s Longmaxi shale
formations is expected to increase, and output
breakthroughs are expected at other shale natural
gas fields. Rough estimates predict that the out-
put of coal seam gas will reach 40 billion m3,
with coal seam gas contributing 20 billion m3,

Table 1.1 Natural gas consumption under the different scenarios

Business as usual scenario Policy scenario

2015 2020 2025 2030 2015 2020 2025 2030

Extractive industry 151 169 138 115 150 188 161 141

Petroleum processing and coking
industry

143 216 286 356 144 228 304 384

Non-metal mineral industry 132 179 179 180 137 236 251 265

Metallurgical industry 79 101 97 98 82 138 140 148

Natural gas power generation 249 499 766 1120 257 673 1057 1574

Natural gas heating 57 252 415 589 59 349 601 887

Transport 269 435 623 787 268 446 652 842

Chemical industry 316 402 420 456 314 396 415 454

Other industries 168 177 205 233 176 246 287 326

Residential 405 576 683 742 397 548 662 734

Total 1968 3005 3811 4678 1985 3447 4531 5756
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and coal bed tight natural gas and shale natural
gas another 20 billion m3. The total gas output in
China will thus reach 380 billion m3. If an
organisational reform is carried out, more players
are attracted to open up and exploit the resource,
and further technological breakthroughs are
achieved, then in 2020 the output of shale natural
gas could reach 60 billion m3, coal seam gas
15 billion m3, and coal bed tight gas and shale
natural gas 15 billion m3, bringing the total to
270 billion m3. By 2030, conventional gas out-
put could rise to 280 billion m3. An output of
150 billion m3 of shale natural gas can be
achieved by 2030 if the new system used in
Southern and East Sichuan production proves to
be effective, and is used successfully at other
shale formations. Rough estimates predict the
coal seam gas output to reach 40 billion m3, thus
pushing the total natural gas output to 470 bil-
lion m3. Moreover, the coal gas industry can also
grow, and may reach production capacity of
30 billion m3 by 2020 and 50 billion by 2030.
The methane hydrate industry is expected to
remain at the research and development and
experimental and demonstration stages in 2030,
as large-scale commercialisation of this energy
source remains very difficult.

Turning to consider imports from overseas,
China’s import capacity is undergoing rapid
growth. Central Asia–China Gas Pipeline
Lines A, B and C are already operational, with
total capacity of 55 billion m3/year. The capacity
of Line D of the same pipeline is 30 bil-
lion m3/year and this is estimated to become
operational in 2016. The Myanmar–China Pipe-
line became operational in 2013 and has a
capacity of 12 billion m3/year. The contracts
have been signed for the construction of China–
Russia East Route pipeline, which is estimated to
start operations around 2018, and have capacity
of up to 38 billion m3/year. The Memorandum
of Understanding was signed in November 2014
for the western China–Russia pipeline route,
planned to start operations before the year 2020,
and its capacity is expected to reach 30–60 bil-
lion m3/year. In total, by 2020 China’s import
capacity via pipelines will reach approximately

100 billion m3/year, rising to 135–165 billion
m3 by 2030.

As far as LNG imports are concerned, according
to the already signed contracts, including sales and
purchase contracts, letters of intent and memoran-
dums of understanding, the import volumewill rise
from the current 25 billion m3 to approximately
57 billion in 2020. The Australian contribution to
LNG imports will increase greatly, from the current
5 billion m3 to approximately 25 billion in 2015.
Other major contributors to this import growth are
Canada (8 billion m3), Russia (4 billion m3),
Papua New Guinea (3 billion m3) and other third
parties (9 billion m3). Regarding LNG terminal
construction, the capacity of China’s LNG termi-
nals may reach 85–225 billion m3/year, greatly
surpassing the expected future volume of LNG
imports. Based on these facts, and considering the
long-term LNG and pipeline contracts that China
has already signed, in the coming fewyears China’s
capacity for natural gas imports is expected to grow
quickly, from 53 billion m3 in 2013 to over
160 billion m3 in 2020 and is expected to reach
210–240 billion m3 in 2030.

If both domestic supply and imports are added
up, the estimation is that the total supply capacity
will reach 425–495 billion m3 by 2020, rising to
640–800 billion m3 in 2030. It is important to
make it clear that these capacities can only be
reached if breakthroughs are made in the devel-
opment of the domestic natural gas, and espe-
cially non-conventional gas, resources, and if the
international contracts are fulfilled. The annual
capacity and import capacity depend on growing
demand, opening up of domestic resources,
progress made in the construction of international
projects, and changes in the domestic and the
international supply prices.

1.2.4 Key Problems Facing
the Development
of the Natural Gas
Industry

The past 10 years saw a rapid growth of natural
gas demand, with demand exceeding supply, but
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in the coming five to ten years the situation is
expected to be different. As domestic output
grows and import capacity increases, the supply
and demand for natural gas will have reached a
broad general equilibrium. According to model
analysis, even under the scenario of strengthened
environmental regulation and levying of carbon
tax, the demand for natural gas will reach
approximately 350 billion m3 in 2020 and
580 billion in 2030, but the supply capacity will
exceed 400 and 600 billion m3 in the same years.
Supply is no longer the key factor in inhibiting
the growth of natural gas industry, as the prob-
lems facing the industry have changed greatly.
The increase in natural gas consumption that we
saw over the past few years has slowed down
greatly, and the current problems that have
gradually emerged are low efficiency, high pri-
ces, problematic transportation and organisa-
tional inflexibility. The key problems at all the
links in the industrial chain—resource extraction,
transportation, sale and usage—must be system-
atically identified understood and addressed.

First, the environmental benefits and the
economic value of natural gas must be realised in
order to boost its consumption. Natural gas is an
ideal substitute for other fuels—it is a clean,
environmentally friendly, efficient and easily
regulated energy source. However, the problem
when comparing it with coal is its persistently
higher price. Burning of natural gas does not
produce SO2 and soot, but this environmental
benefit is not factored into the cost equation.
When used in electricity generation, natural gas
has a great advantage—its capacity for regulation
and response—but its potential to be used for
peak shaving has not yet been exploited either.
The thermal efficiency of natural gas when used
for CCHP generation is twice that of coal, but we
are having difficulties realising this potential to
save energy and reduce greenhouse gas emis-
sions. Failure to externalise the economic and
environmental benefits of using natural gas will
make the maintenance of the previously fast
consumption growth problematic. Now that total
Chinese resource consumption has entered a
medium growth period of 3–4% per annum, an
increase in the natural gas consumption cannot

come solely from the demand for new energy
sources, but must also, to a great extent, come
from coal and oil substitution. Currently, the
surplus production of coal in China is extremely
severe, with prices at their historical minimum,
and, if we cannot exploit the environmental and
economic benefits of natural gas, it will have
difficulties competing with coal and the slow-
down of its consumption growth will continue.

Second, we can, using a rational price,
achieve a sufficiently stable supply. According to
our modelling, compared to current levels, by the
years 2020 and 2030 China’s consumption of
natural gas will double and treble respectively.
Failure of domestic production to keep up will
lead to gas imports quickly rising to over 50%,
and supply security issues will then impede the
sustainable development of China’s natural gas
industry. In addition to the protection of natural
resources, price levels and market stability are
also critical. Currently, the upstream exploration
and exploitation of national resources are not
competitive with imports. This results in irra-
tional resource allocation and rapidly rising
upstream natural gas costs. The price in the
contracts signed recently is relatively high. There
is an objective reason for this—currently demand
is higher than supply on the international natural
gas market—but another reason is the misplaced
belief by the three largest players in the oil
industry that their market superiority allows them
to pass the high price downstream. Allowing the
upstream costs of natural gas to grow further may
result in exceeding the potential for end user
switching and thus running the risk of making
natural gas unsellable at this high price.

Third, we must achieve safe, fair and trans-
parent interoperability of natural gas transmis-
sion and distribution. In recent years China’s
natural gas pipeline network has grown greatly
and the construction of the unified pipeline net-
work framework is already at preliminary stage.
The length of the network stands at 80,000 km,
three times the figure for 2004. However, taking
the medium- to long-term view of natural gas
consumption and demand, the transmission and
distribution capacity of the network are far from
sufficient, and we need to mobilise and apply the
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capacity of all forces for its development,
investment and construction. Looking at the
market structure, there is a lack of overall plan-
ning, pipeline transmission and sales services are
bundled together and there is a severe problem of
market monopolisation. There are also a whole
series of problems, from insufficient branch lines
and peak storage facilities to pipeline network
operational safety.

Fourth, we must standardise markets and
pricing. Pricing mechanisms are key if we want
to co-ordinate the benefits which extend down,
up and mid-stream on the industrial chain, and
they will have direct relationship with healthy
sustainable economic development in China.
There is currently a great deal of government
intervention in price setting in China, and with
the pricing management arrangements as they
stand, the government is over-regulating in some
areas, while other areas are left completely dis-
regarded. Currently, in pricing, the net present
value method is being gradually replaced by the
“cost plus” method, but the situation still exists
when only the upstream urban gate price can be
set, without a way to solve the problem of dis-
connecting oil and gas prices. The midstream
pipeline transmission services are bundled with
terminal sale services, there is a lack of stan-
dardised fees for pipeline transmission and, due
to lack of supervision, provincial and
metropolitan networks artificially inflate their
prices. The downstream sales market is monop-
olised by local gas companies, and also there is a
cross-subsidy issue between industrial clients and
private residential users. The inverted situation
has arisen, where the price for industrial clients is
higher than that for private individuals, which
absurdly contradicts the international principle of
large customers enjoying lower prices. This is
also detrimental to coal substitution and envi-
ronmental protection.

Fifth, a modern natural gas industrial system
and government regulatory mechanism must be
formed. A reconstruction of Chinese natural gas
industry setup and market management system
must be carried out in order to support and
benefit the growth of Chinese natural gas market.
Looking at the market situation, it is clear that the

market is currently dominated by single large
players—state-owned enterprises. No matter
where you look, at the ownership of resources or
the pipeline construction and operation, the
market share of the three large oil companies
exceeds 90%, with the share of PetroChina alone
at over 70%. There is currently virtually no
market competition in the industry and there is
no sign of rising efficiency. It will, therefore, be
extremely difficult to sustain the predicted future
output of 580 billion m3. In the past, the gov-
ernment relied primarily on administrative com-
mand when it came to managing the natural gas
industry, which is not suited to a diversified,
competitive and flexible industrial system. We
must gradually explore the transition from the
“full control” to the “standardised regulation”
method, set clear regulation content and
methodology, and assess its cost and feasibility.

1.3 China’s Natural Gas Industry
Development Strategy
for the Next 15 Years

1.3.1 National Strategy and Policy
Are Crucial for Natural
Gas Industry
Development in China

We have developed two scenarios for the future
development of China’s natural gas industry.
According to the “business as usual” scenario,
influenced by expensive natural gas, cheap coal
and oil and weak environmental policies, the
growth of the demand for natural gas will slow
down, and natural gas will remain a niche energy
source. In the event of there being no break-
throughs in non-conventional gas sectors such as
shale and coal seam gas, growth in supply will
also slow. With natural gas being currently
widely available on the international market,
imports into China will rise rapidly, but volatility
in international markets will start raising prob-
lems of supply security. Without extensive
restructuring of natural gas production and
management systems, the industry will lack
dynamism, have low operational efficiency and,
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as the price for both imported and domestically
produced gas remains relatively high, growth in
the natural gas market will be restricted, and the
entire development of the natural gas industry in
China will enter a bottleneck.

The other scenario is a “transformation” or
“revolution” scenario. On the demand side, the
relevant policies must be formulated and imple-
mented, levying environmental and carbon taxes
to reflect external environmental costs. Concur-
rently, stronger competition will drive the cost
markedly down, leading to rapid expansion of
the market, with natural gas gradually becoming
the main energy source. For supply, as new
players are attracted to the market, the output of
shale and coal seam gas will rise greatly, with
most of the supply becoming domestic, and the
domestic market, via the influence of the inter-
national market, will undergo optimisation and
adjustment. The new players on the market will
bring with them a greater degree of competition,
markedly driving down supply costs, and push-
ing development into an optimal cycle. A multi-
faceted, highly competitive market will then
emerge, together with a modern, rationally
structured industrial system. The industrial sys-
tem will be adapted and transformed—the role of
the government, which previously gave priority
to planning and direct instructions, will give way
to regulation fundamentally by the market itself.
A modern regulatory system will emerge—the
role of the government will be reduced to
ensuring environmental protection, production
safety and fair competition in the market.

It must be emphasised, however, that the two
scenarios described above do not represent the
only possible outcomes. The natural gas industry
is still at the initial stages of its development, and
its future development is, therefore, very flexible.
China is endowed with comparatively abundant
gas resources, has a great development potential,
and innovation—and especially structural reform
—will allow China ample operational space to
expand its gas consumption and use global nat-
ural gas resources. Therefore, if natural gas is to
become a principal energy source, the crux of the
matter is the strategy and policy choices that
China makes.

Different development strategies do not only
have a deep effect on the future development of
China’s natural gas industry and energy resource
structure. Robustly developing the natural gas
sector would also be an important method to
increase effective investment and promote eco-
nomic growth.

Robust Development of the Natural
Gas Industry Stimulates Economic
Growth and Plays a Role in Protecting
the Environment
There is great opportunity for natural gas
industry growth in China. Currently,
annual consumption of natural gas in
China does not exceed 200 billion m3,
possibly rising to 350 billion m3 in 2020
and rising further to 580 billion m3 by
2030. The end market alone is expected to
double. Taking into account the potential
for growth in the upstream, midstream and
downstream segments of the natural gas
industry, the investment demand is very
considerable. It is estimated that in the
period between 2015 and 2060, cumulative
total investment to the value of almost
CNY 6 trillion will be created. Equivalent
to CNY 400 billion a year, this can drive
up the annual GDP growth by 0.6%.

Regarding the upstream production of
gas, China’s production potential may
reach 470 billion m3 in 2020, a figure
which includes 280 billion m3 of conven-
tional gas and 190 billion of shale and coal
seam gas. To build these capacities will
require cumulative investment of CNY
1.6 trillion. Just one shale natural gas field
project in Sichuan basin with annual
capacity of over 100 billion m3 requires an
investment of 0.8 to CNY 1 billion.

As regards midstream pipeline invest-
ment, China needs to expand its pipeline
network to over 150,000 km by 2030, and,
based on the investment budget of CNY
10–15 million per km of pipeline, this
could result in a total investment of
approximately CNY 2 trillion. The total
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investment required for the construction of
natural gas peak and reserve facilities and
LNG terminals exceeds CNY 500 billion.

Regarding urban gas pipeline networks,
here the total investment must be raised to
CNY 1.2–1.6 trillion, based on previous
calculations of CNY 3–4 invested for each
additional cubic metre of gas.

With regard to sources of investment,
the Chinese natural gas industry is still at
an early, fast-growth stage, and therefore
investment risks are low and returns are
stable, making it very attractive to many
different types of capital. In recent years,
after the launching of coastal LNG termi-
nals, investment of over 50 billion fol-
lowed within a short period of time, a very
positive market response. Even without
government funds, the deregulation of rel-
evant areas brings a great deal of social
capital.

There are also clear environmental and
social benefits to actively developing the
natural gas industry. Estimates suggest that
by 2030 natural gas will replace the use of
300–400 million tons of coal, and rough
calculations show that this will lead to a
10% reduction in PM2.5 concentration,
which will be of great benefit to the health
and the quality of life of China’s citizens.

1.3.2 Strategic Objectives of High
Efficiency, Safety
and Sustainability

Development of the natural gas industry must be
carried out with a fundamental emphasis on high
efficiency, safety and sustainability. The specific
implications are:

• Achieving efficiency means working to raise
efficiency at all stages of the process—ex-
ploration and production, transport and utili-
sation. Efficiency is the foundation of the
development of natural gas industry in China.

China is endowed with gas resources, but
their quality cannot compare with that in the
Middle East, Central Asia and Russia, and the
conditions are unfavourable when compared
with those in the United States. To make the
extraction of natural gas economically viable,
both extraction and transmission
cost-effectiveness must improve. Moreover,
the end-user price for natural gas in China is
kept high due to cheap alternative energy
sources and the long distances involved in gas
imports. To make gas competitive, therefore,
it must be used with greater efficiency so that
its qualities of being an efficient and clean
fuel can be fully realised.

• Safety, both natural gas resource security and
production safety, is a prerequisite for
development. The importance of energy
security is self-evident as far as leading
nations are concerned; the energy security of
a leading nation starts within its borders, and
is based on robust regulation. It is on this
basis that resource security can be achieved
under the open economic conditions of global
resource allocation. In order to strengthen
resource and energy security, domestic sup-
ply must be boosted, and gas import sources
and import mechanisms diversified. At the
production and operation level, the peak and
trough differences in the demand for natural
gas are very large, and we must strengthen the
national natural gas network and boost
national gas storage reserves in order to
ensure the security of supply of natural gas.
Moreover, the safety of gas usage remains
important, as it is used by a great number of
households nationwide.

• Sustainability is the relationship between the
effective management of the development of
natural gas industry and the environment and
ecology, and is a goal of natural gas industry
development. First, in order to improve the
environment rather than damage it, the natural
gas industry must emphasise environmental
protection at production, transmission and
usage stages, and also pay attention to the
sustainability of resource supply. Second, the
concept of sustainable development must be
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used throughout the natural resources indus-
try. In order to protect the environment, the
external cost of pollution must be fully
reflected, and enlarging the usage of natural
gas will raise the efficiency of natural
resource industry, lowering the environmental
pollution caused by the utilisation of natural
resources.

1.3.3 Clearly Defined Channels
and Targets
of the Natural Gas
Industry

China’s target for the next 15 years is to vigor-
ously develop the natural gas industry. Efforts
must be made for natural gas to reach 10% of all
primary energy source consumption by 2020,
increasing consumption to 350 billion m3, and
more than 15% and 580 billion m3 respectively
by 2030. The main channels to achieve this are
outlined below.

First, end consumer markets must be devel-
oped. In order to turn natural gas into a principal
energy source, multiple measures must be
applied simultaneously to enlarge natural gas
consumption:

• Environmental regulation must be strength-
ened, and there must be an emphasis on using
natural gas a substitute for coal, including in
rural/urban residential heating and fuel usage
in light industries such as textiles and paper
mills. This will be critical in reducing smog
and improving the environment.

• Natural gas transport must be developed. The
emphasis here will fall onto road passenger
transport and waterway freight transport. The
promotion of gas as a replacement for oil
must be achieved by strengthening infras-
tructure and perfecting the relevant techno-
logical standards.

• In electricity generation and heavy industry,
relying on competitive markets for energy
resources, green finance and taxation reform
must ensure that the environmental and

economic benefits of using natural gas (such
as energy saving and peak storage capacity)
are valued and realised. We must raise the
economic benefits generated by, and thus the
competitive power of, natural gas in peak
electricity reserves, trigeneration and the
natural gas chemical industry.

Second, the upstream natural gas supply must
be diversified. Using a two-pronged approach
involving increasing domestic production and
using foreign trade, relying on the dynamic com-
plementarity and boosting the competition
between the two can raise the efficiency of
resource allocation, and achieve market liberali-
sation and diversification of the natural gas supply.
Domestic production of natural gas resourcesmust
be strengthened, and the following three-step
strategy regarding conventional gas, tight natural
gas and shale coal seam bed gas promoted:

• In the near term, growth must be centred on
the technological reserves for the production
of conventional gas and tight natural gas,
shale and coal seam gas.

• The medium-term aim is to simultaneously
advance conventional gas, tight and shale
natural gas industry. China must also actively
participate in foreign markets, and, using
commercial principles, promote natural gas
trade and investment, and strengthen control
and bargaining power capacity for imports
coming into China.

• Sustainable development of trade with Rus-
sia, the Middle East, South East Asia
(Myanmar) and the maritime trade must be
promoted, partnership with the Shanghai
Co-operation Organization, ASEAN and
Canada must be enlarged further, and import
methods and pricing mechanisms must be
gradually diversified. China must combine its
“One Belt, One Road” strategy with the
active implementation of the “Go Out” pol-
icy, and play an active role in the interna-
tional markets by means of long-term
agreements, equity investment, joint devel-
opment, pipeline network construction and
ocean shipping.
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Third, a gas pipeline and storage network
must be constructed consistent with the princi-
ples of safety, fairness and transparency.

• The system must have unified planning, be
interconnected and integrate the national gas
producers, imports and consumption. The
top-level design of the pipeline network must
be carried out using a scientific approach,
ensuring the interconnectivity of different
gas-producing areas and markets in various
locations.

• There must be a focus on diversifying
investment in the construction of the pipeline
network, encouraging the entry of
non-state-owned enterprises and capital. The
security risk issues can be avoided by
demarcating pipeline hierarchy and differen-
tiating the investment accordingly.
Long-distance pipeline must be constructed in
combination with national-level planning;
construction of provincial-level trunk lines
must be performed under the guidance of
local government, using both state-owned
enterprises and social capital. The city- and
regional-level pipeline construction market
must be gradually liberalised.

• Access to the pipeline network must be fair.
National pipeline access standards must be
unified. In order for gas from different loca-
tions to have access to the pipeline network
and reach the end customers, the only
requirement must be that the correct safety
standards are complied with.

• The reserve capacity must be strengthened,
and the obligation to maintain reserve
capacity must be backed up by legislation.
The gas reserve price must be fixed, and all
parties must be mobilised to boost national
peak regulation reserves and the emergency
capacity.

Fourth, innovation must be applied to raise the
technological levels in the industry. Vigorous
efforts must be made to promote technological
innovation at each segment of the industrial
chain, from exploration and production,

transmission and distribution to conversion and
utilisation, allowing the technological revolution
to achieve technological and economic efficiency
at every stage.

• The strategic layout of natural gas production
and conversion key technology will be laun-
ched in advance: exploitation of shale, deep
sea, coal seam bed and methane hydrate
reserves launched, key problems in areas such
as gas engines and combined cycle electricity
generation facilities tackled, both human tal-
ent and financial investment boosted, and
technological innovation in institutional
mechanisms activated.

• Research and development and application of
complete technological sets and solutionsmust
be explored in depth, focusing on the integra-
tion of the equipment systems, reduction of
costs, environmental protection and green
development. Efforts must be made to ensure
that, by 2020, China achieves a clear increase
in the technological level of the equipment, that
great strides forward are achieved in technical
autonomy and domesticising of shale and sea
gas prospecting and exploitation technology,
and that the efficiency of the industry’s func-
tioning, production and operation is raised. By
2030, the industry’s technological level and
production and operation efficiency will
achieve leading international standards, and
domestic technological innovation capacity be
raised greatly.

Fifth, natural gas price reform must be vig-
orously promoted. As gas markets and infras-
tructure in different locations mature,
liberalisation of gas price setting must be pushed
on in waves, gradually reducing the direct
intervention by the government, actively per-
fecting the pricing mechanism and market envi-
ronment, and finally realising a complete
liberalisation of natural gas prices. Full advan-
tage must be taken of the multiple import chan-
nels and mature infrastructure in South-Eastern
coastal locations such as Shanghai, Guangdong
and Zhejiang.
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• Take the initiative in upstream market diver-
sification, abolishing price setting at gas ter-
minals, and promoting independent pricing at
upstream markets.

• Building on this, the separation of the mid-
stream pipeline transmission and downstream
sales must be pushed on, third-party access to
pipeline network transmission allowed, direct
access provided to large customers and lib-
eralisation of the end market gradually pro-
moted. In central and western China, where
infrastructure is not yet mature, an upper cap
must be placed on gate price and transmission
and distribution, and the end-market pricing
mechanism must be further improved, with
price adjustment frequency increased. Prices
for transmission and distribution and storage
must be formulated rationally, and measures
implemented to improve the situation as
regards the seasonal price gap, the peak and
trough price gap and the end price. By 2020,
the situation will be ripe for gradually push-
ing for cross-regional price merger using
methods such as third-party access to the
pipeline network, and finally achieving lib-
eralisation of the prices of natural gas.

Sixth, a natural gas industry system and a
government regulatory system must be built. In
order to have a healthy, sustainable modern
natural gas industry, we need to allow the market
to play a decisive role in resource allocation, and
at the same time take advantage of the role of the
government. When designing the system, we
must:

• completely understand the crucial junctions in
the reform of the natural resources system;

• promote the liberalisation of the natural gas
industry;

• design the organisation and modes of opera-
tion in upstream, midstream and downstream
segments of the production chain;

• diversify resources and subjects;
• create standardised, legitimate competition

and co-operation; and
• apply the utmost effort to building an effi-

cient, open, orderly market.

Regarding government regulation, it is nec-
essary to carry out, as soon as possible, top-level
design and division of responsibility in natural
gas market regulation; regulation must place an
emphasis on environmental protection, fair
access to the pipeline network and low-stream
separation of pipeline network transmission and
sales. Also, unified pipeline transmission price
control measures must be formulated. The aim is
to achieve, by 2020, multifaceted competition in
Chinese natural gas market, breakthroughs in
exploration and production and imports, price
liberalisation in some regions, an efficient gov-
ernment regulation system, and industry growth
that shows greater vitality and efficiency. By
2030, the aim is to have a system of robust, fair
markets with multiple players, where the market
itself plays the decisive role in price setting.
Also, by the same year, a unified, independent,
professional regulatory system should be in
place. The dynamic, efficient new industry will
enjoy much greater influence internationally, and
its output will be internationally competitive.

1.4 Raising Efficiency
and Supporting Improved
Policies to Expand Natural Gas
Use

In order for natural gas to become a main energy
source, natural gas use must be expanded, and
raising its competitiveness is the key. Natural gas
price sensitivity for residential use, industrial
services, vehicular transport and hydrogen pro-
duction is low, while that of central heating,
electricity generation, usage for industrial fuel,
production of synthetic ammonia and methanol is
higher, and under current pricing conditions
natural gas lacks competitiveness. One way of
raising this competitiveness is to internalise the
external costs, reflecting the impact that resource
utilisation has on the environment and people’s
health, and this will enable us to express the
advantage of natural gas as a clean resource.
Another way is to raise the efficiency of natural
gas utilisation, and this higher efficiency will
prevent the end cost of using the expensive
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natural gas from increasing markedly. Specific
areas and policies are as follows (Fig. 1.4).

1.4.1 Strengthen Environmental
Regulation, Improve
Resource Utilisation
Efficiency, Substitute
Natural Gas for Coal

Substituting natural gas for the coal used in
decentralised energy generation is one of the
priorities in the development of the natural gas
industry, and there is a great potential for
development in this area. Decentralised use of
coal is inefficient and highly polluting, leading to
high pollution control costs. Currently approxi-
mately half of the coal in China is used for
centralised electricity generation, and the other
half is used in a decentralised manner. Half of the
latter is accounted for by areas such as metal-
lurgy and cement firing, and the rest is made up
of public heating, textiles, ceramics, glass and

paper production. In all these areas there is
potential to substitute gas for coal. Looking at the
experience of developed countries, the propor-
tion of coal used for electricity generation stands
at 78% in OECD countries, and the same figure
exceeds 90% in the United States. There is also
very little use of coal for decentralised electricity
generation.

There are three main channels for coal to gas
substitution:

• Catering for heating users in small and
medium-sized northern cities and some
industry clients located in the industrial zone,
coal-fired boilers can be replaced with
coal-fired CHP plants. This is an
economy-based, environmentally friendly
substitution route.

• The same approach (replacement of coal
burning with CHP plants in public heating) is
difficult to implement for large and very large
northern cities due to limited environmental
capacity, the existing limitations on the land
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available for power plants and problems with
coal transportation. Moreover, it is very dif-
ficult, using coal-powered CHP plants, to
satisfy the requirements of industrial clients
who require extremely high temperatures and
those users whose locations are widely dis-
persed. Their energy requirements can only
be satisfied by using natural gas and
expanding natural-gas fired CHP.

• For the urban fringe and in the countryside,
where coal is used in decentralised manner
for heating and cooking purposes, apart from
substituting LPG and LNG for coal, there is
also an option of using biogas produced from
the organic waste generated in the villages.
The expectation is that, using the above
methods, by 2030 the use of gas will rise in
the areas where it is most used—to 160 bil-
lion m3 among the industrial users, and to
approximately 120 billion in urban heating,
and residential and commercial use.

Regarding policy, one option is to strengthen
environmental regulations, increasing the cost of
coal when used in decentralised energy genera-
tion. For example, an onlinemonitoring system for
reduction of atmospheric pollution produced by
coal-burning boilers could be set up, as well as
emissions monitoring systems. Second,
energy-saving reform could be strengthened in
order to improve energy resource usage efficiency,
for example boosting the construction of
energy-saving buildings, and optimising industrial
processes and their methods of using energy. For
high-quality, expensive energy resources, the
economic burden must not be passed down to the
end user, and the government can providefinancial
support for the replacement of the energy facilities
and to aid with energy-saving reform. Third, to
address the addition of new coal-burning boilers in
areas such as northern and central China where
atmospheric pollution management comes under
the greatest pressure, enforcing compulsory usage
of natural gas can be considered, to avoid adding
new boilers in the future.

1.4.2 Improve Planning
and Technological
Standards, and Promote
the Development
of Natural Gas
Transportation

Expanding the use of natural gas in transport
would be a highly significant move and have
important implications for safeguarding national
energy security. Natural gas is a clean and effi-
cient fuel, but using it as a substitute fuel has
several specific economic and technological
implications. Pollution and carbon dioxide
emissions from gas-powered vehicles are on
average lower than those from traditional internal
combustion vehicles. From the economic point
of view, over the past few years, the large dif-
ference in price between gas and oil, as well as
sales tax exemption, has made gas-powered
vehicles economically viable and propelled fast
growth in their use, especially as CNG urban taxi
fleets and public buses.

There is enormous potential for the growth and
development of gas-fuelled transport. In China the
total gas volume used by vehicles reached
approximately 12 billion m3 in 2013, of which
CNG vehicles contributed 10 billion m3 and LNG
vehicles 2 billion. The CNGmarket for vehicles is
gradually entering a period of fast growth. It is
expected that by 2020 annual consumption will
reach 20 billion m3, then 23 billion in 2025, and
that this will be followed by a slowdown. The
market for LNG vehicles is expected to maintain
fast growth in the future; the forecast is that in 2020
the LNG market will exceed 20 billion m3, with
expectations of exceeding 40 billion by 2030. The
use of LNG as ship fuel is another important
potential market, but, due to the more rigorous
environmental policies, growth here is expected to
be slow initially, and changes in environmental
policy will dictate the outcome of the later stages
of development. According to optimistic calcula-
tions, the market for LNG as ship fuel may exceed
2 billion m3 in 2020 and 10 billion in 2030.
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However, there are barriers obstructing the
development of the natural gas transport fuel
industry. Unlike the fixed-source users in power
generation, and residential and industrial users,
transport users are mobile, and need an external
network. While the change from coal to gas in
electric power generation can be called a “point”
substitution, the change from petrol or diesel to
gas in transport is more of a “network” or “sys-
tem” substitution. Large-scale development of
the industry does not just depend on the technical
and economic qualities of one segment of the
industrial chain or a certain industry, but rather
on the network effect of the entire system. Only if
a sufficient number of service facilities, such as
refuelling stations and repair shops, join the
network can the customers’ mobile,
network-based demand be satisfied. The network
can then reach a tipping point, and the old
“chicken and egg” problem can be solved. This
process of establishing a network will require a
great deal of time if left to the market’s “invisible
hand”. Markets can also malfunction from time
to time, so the government can be extremely
helpful here. These are the recommendations for
promoting gas for petrol substitution:

• The construction of filling station infrastruc-
ture must be accelerated. The first step is to
formulate a filling station network construc-
tion plan for China’s important freight trans-
port road routes, water transport routes and
key areas. In order to benefit vehicle users,
conflicts, fragmentation, duplicate construc-
tion and harmful competition must be avoi-
ded. Second, suitable tax reduction and
exemption policies must be formulated to
make investment in gas fuelling facilities at
filling stations attractive, thus accelerating the
availability of gas at filling stations until a
tipping point is reached. Having reached the
tipping point, a gradual withdrawal of the
incentives may be considered. Moreover, any
obsolete regulations must be identified and
amended, for example any regulations based
on the premise of using gasoline fuels must

be revised, the approval process for filling
stations must be simplified, and the ban on
LNG transport on the railways must be lifted.

• Industrial standards must be formulated as
quickly as possible for the entire industrial
chain, for example regarding fuel quality,
measuring fuel calorific value, construction of
filling stations and gas vehicles’ component
parts. Accelerating the standardisation of the
entire industrial chain will allow economies
of scale to be achieved.

• The government must take the lead, with the
industry associations playing the role of
co-ordinators. Full advantage must be taken
of the government’s leading role in procure-
ment; funds for gas-fuelled vehicles must be
allocated a clear proportion in the financial
support and subsidies issued by the municipal
administration, public transport and govern-
ment departments for vehicle procurement. In
addition, the co-ordinating role of the indus-
try associations must be given free rein.
Co-ordination is particularly necessary in
building the natural gas transport industry
network, and, since transportation has already
been fully liberalised, the government must
not interfere directly in the markets, and so
the role of associations as co-ordinating
intermediaries is vital.

1.4.3 Improve the Pricing
Mechanism, Making
the Development
of Natural Gas Electrical
Power Generation
Justifiable

Using natural gas to generate electricity has
many benefits compared with coal. It is cleaner,
provides flexibility to respond to demand peaks
and requires a much smaller land area. It is
highly suitable for peak-time electricity genera-
tion and CCHP usage, and these qualities make
natural gas indispensable in electricity
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generation. Looking at the international experi-
ence, in 2010 the global contribution of natural
gas to electric power generation stood at 30% of
all fossil fuels, and in 2030 it is estimated to rise
to 37%. In developed countries, electricity gen-
eration is a major portion of natural gas usage,
accounting for 30–40% of total natural gas use.

China has abundant coal resources and
coal-based electricity generation can be easily
made clean and efficient. Coal is an excellent,
competitive fuel when used for baseline elec-
tricity generation. For this reason, in China, the
use of natural gas to generate electricity should
centre on peak-time electricity generation and
CHP generation as well as decentralised
power-generating, heating and cooling. In the
decentralised electricity generation sector, we
must take into account the economies of scale in
asset utilisation and assign priority in the order:
region, building, household. The liberalisation of
the electricity market, especially in electricity
sales, provides an important opportunity to pro-
mote the development of the decentralised
energy sources. It is estimated that by 2030 the
volume of gas used in peak and baseline elec-
tricity generation will reach 60–70 billion m3,
whereas CHP generation and decentralised
resource electricity generation will use approxi-
mately 100 billion m3. The key measures to be
implemented in order to boost the competitive
power of electricity generation from natural gas
are as follows:

• Peak and trough electricity and gas prices
must be set. As regards electricity generation,
gas is a flexible energy source for this pur-
pose, and has high peak regulation and
reserve values. Its value for peak generation is
even more significant against the background
of the increased use of renewable and inter-
mittent energy sources. Looking at the natural
gas part of the system, there is seasonal
variation in the use of electricity and gas. For
example, during winter a lot of gas is used for
heating, but electricity is used relatively little,
while in summer a great deal of electricity is
used for refrigeration, but there is little heat-
ing being used. The use of natural gas in

electricity generation, therefore, can reduce
the difference between the peaks and the
troughs in natural gas demand. Using cheap
gas to produce expensive electricity is a
competitive advantage of electricity genera-
tion using natural gas. Currently the grid
tariffs are higher for electricity generated
using gas than for electricity generated using
coal, which to a certain extent reflects its peak
regulation and reserve usage value. The next
step may be to introduce time-of-use pricing
to further express the benefits of using natural
gas for peak shaving. Time-of-use pricing for
natural gas should be formulated in such a
way as to fully express the competitive power
of gas-generated electricity.

• The external environmental cost must be
reflected. The external cost of electricity
generation can be separated into two cate-
gories. The first is the costs of normal pollu-
tion such as dust and sulphur and nitrogen
oxides. Increasing investment can lead the
emissions produced by coal-based electricity
generation to approach the levels produced by
gas-based electricity generation, as the new
coal electricity generating units now basically
have the same pollutant concentration limits
as gas units (using 6% oxygen content as
reference, the concentration of dust, sulphur
dioxide and nitrogen oxide emissions does
not exceed 10, 35 and 50 mg per m3 respec-
tively). Boosting investment in environmen-
tally friendly facilities and equipment and
factoring this into the budget increases the
cost of electricity produced by large generator
units by 0.01–0.02 CNY/kWh, and this figure
is slightly higher for older, smaller generators
which use inferior-quality coal. Overall, the
measures to control general pollution do
contribute to the gap in the cost of electricity
production between gas and coal, but this
effect is not large. The other aspect, a key
one, is the cost of coal emissions. Using coal
for generating electricity produces
0.8 kg/kWh of emissions, while using gas
produces only 0.37 kg/kWh. As the price of
coal increases, the corresponding costs of
pollution from generating electricity using
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coal are also showing an upward tendency.
According to an example from the Shenzhen
Emissions Exchange, on June 18, 2013 the
online opening price for one ton of coal stood
at CNY 30 per tonne, and the cost of
coal-produced electricity at 0.013 CNY/kWh.
When the coal price peaked at
143.99 CNY/tonne on October 18, 2013, the
cost of coal-produced electricity rose to
0.06 CNY/kWh.

• The core equipment and facilities must be
produced domestically. Currently, core tech-
nology such as turbines and computerised
turbine equipment is a monopoly of foreign
companies, which creates high long-term
costs and keeps transportation and long-term
preventive maintenance fees high. Solving
this problem will lower the fixed costs of
gas-generated electricity. Lowering invest-
ment per unit by 15% can lower the electricity
cost by approximately 0.014 CNY/kWh. At
the same time, changing to the domestic
production of key equipment can lower total
lifecycle costs. If the total repair fees are
lowered by 50%, then the corresponding
reduction in electricity costs will be reduced
by approximately 0.01 CNY/kWh. Changing
to the domestic production of key equipment
can lower the electricity cost to the approxi-
mately 0.024 CNY/kWh.

1.4.4 Adjust Gas Prices
for Residential
and Chemical Industry
Use, and Reduce
Cross-Subsidies
for Different Users

There are large subsidies in place to provide
low-cost natural gas to residential and chemical
industry customers in the long term. For exam-
ple, in 2013, the average price of gas for end
urban residential users nationwide was
2.15 CNY/m3, which was 1.5 CNY/m3 lower
than the national average marginal residential
supply cost. The volume of gas used by

residential users is approximately 18 billion m3,
which means that the subsidy from the gas sup-
pliers to urban residents reached approximately
CNY 27 billion. For fertiliser producers, the gas
price is now 1.80 CNY/m3 on average, which is
1.10 CNY/m3 lower than the national average
marginal commercial supply cost. The volume of
gas used by the fertiliser industry is approxi-
mately 20 billion m3, implying that the subsidy
by the gas suppliers for this industry’s users is
approximately CNY 22 billion. It appears on the
surface that these large subsidies are provided by
the gas suppliers, but, in actual fact, it is other
users that bear the cost. The resulting higher
price for these users is detrimental to the
expansion of natural gas use in their sectors.

The price for the residential users must be
gradually raised until it exceeds the cost for the
gas suppliers. The first reason is that the volume
of gas consumed by residential users (including
for heating purposes) is expected to grow greatly,
from 28.8 billion m3 in 2012 to 54.8 billion in
2020 and 73.4 billion in 2030. Such increases
will make the continuation of subsidies highly
problematic. The second reason is that the price
adaptability of residential users is high, and they
can be regarded as top-quality downstream cus-
tomers. Looking at the competition, and com-
paring with oil, LPG or electricity, as long as gas
prices remain below 4 CNY/m3, gas remains
competitive. Regarding the adaptability of the
consumer, the average amount of gas used by
one person each year is approximately 60 cu-
bic m, and a hypothetical price increase of
1 CNY/m3 results in additional CNY 60 per
year spent on gas. In 2013 the disposable income
of the low-income stratum (the bottom 20%) of
the rural/urban population stood at CNY 11,434,
which means that the increased spending on gas
amounts to a mere 0.5% of that figure. Moreover,
the price of heating must also be adjusted,
otherwise it will be difficult to continue with the
use of natural gas for this purpose. Naturally, the
use of gas for cooking and heating is absolutely
essential in people’s lives, and for this reason a
subsidy can be given to the part of the population
living in poverty when the prices are adjusted.
Choosing the right opportunity and the right
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method to raise the prices for the residential users
is crucial, as is the importance of communication
with the public. Leaving the decision-making
regarding the extent of the price adjustment range
to the lower levels of authority, such as local
government, can also be considered.

For chemical industry users, certain discounts
may be given using market measures, such as
setting peak and trough prices and interruptible
prices, but the situation so far, with prices below
cost, can no longer continue. The chemical
industry must no longer rely on cheap gas, but
has to optimise its industrial process and
strengthen its production management to be able
to fully take advantage of time of day prices and
discounts for interruptible prices. In addition, it
must continue with industrial upgrading and
develop high value-added industries. Regarding
policy, a clear timeline must be set for the price
merger between residential users, the chemical
industry and other users, to provide local gov-
ernment with ample room for adjustment.

1.5 Measures to Ensure a Safe
and Efficient Gas Supply

At the same time as expanding the use of natural
gas, we must also raise gas supply capacity, as
well as ensuring the safety and efficiency of the
gas supply. The key to ensuring a safe and effi-
cient gas supply is attracting new players to the
exploration and exploitation of gas resources,
thus greatly boosting the national supply capac-
ity. In addition, import sources and methods must
be diversified further, to ensure the security of
natural gas imports. The advance of pipeline
network construction must be moderated, and the
interconnectivity of the pipeline network boos-
ted. Construction of gas reserve facilities and
reform of the relevant institutional mechanisms
must both be consolidated to ensure the smooth
operation of natural gas industry. We must also
raise the technological level of the equipment
and facilities and of the innovation capacity of

the industry, strengthening the very foundation
of its long-term development.

1.5.1 Attracting New Players
to Resource Exploitation
to Expand Natural Gas
Production

China is richly endowed with gas resources and
has the fundamental technology it needs to
exploit them. Priority is given to conventional
gas, tight natural gas, shale and coal seam gas,
and to the appropriate development of coal gas
industry. The key problems lie with the organi-
sation of the industry. As mentioned above,
under the current system, the output volume of
natural gas in China will reach 230 billion m3,
possibly reaching 380 billion in 2030. If the
system is reformed, the same figures may rise to
270 and 470 billion m3 respectively. This sec-
tions outlines the measures that should be taken
in order to attract new players to resource
exploitation and thus expand national natural gas
production volume.

1. Development model

A new model of development must be
applied. Exploration and production and the
pipeline transmission of natural gas are subject to
the regulations of the State Council, and are
operated by the state-owned oil companies. The
advantage of this system is that it allows inten-
sive development of the natural gas industry, and
makes it convenient to undertake large-scale
exploitation, but it also faces the problem of high
costs. The other development route is to reform
the current monopolised control system and
strengthen the role of market forces, attracting
businesses with different models of ownership to
the exploration and production of natural gas,
and achieving diversified development. The
resulting market competition, “the survival of the
fittest”, will create a new structure of exploration
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and production in the natural gas industry. It is
recommended that the current institutional
mechanisms be adjusted appropriately, and con-
ventional oil and gas operational authority be
moderately liberalised. Before anything else,
though, conventional oil and gas mining rights
must be opened up to the state-owned energy
enterprises which have already obtained shale
natural gas mining rights, as well as to those
energy enterprises which are engaged in overseas
imports. This change will attract these enterprises
to the domestic exploration and production of
conventional resources.

2. Minimum investment level

The minimum exploration investment must be
adjusted. The 1996 Chinese Mining Law and the
follow-up supporting laws and regulations state
that the minimum investment for oil and gas
prospecting rights is 5000 CNY/km2 in the first
year, CNY 7000 in the second and CNY 10,000
in the third. However, it fails to consider other
factors, such as currency inflation. Due to the
costs having risen greatly and the fixed-price
budget, these unchanged minimum prospecting
and surveying investment regulations have led to
a decrease, year after year, in the exploration
workload per unit area. In the past, three explo-
ration wells could be completed with a budget of
CNY 100 million, but currently it is only possi-
ble to complete one. Physical exploration
investment per unit area has is currently barely
between one third and one fifth of its level
15 years ago and there is a severe lack of phys-
ical exploration work done in the regions
favourable to gas production. According to the
investment standards and regulatory require-
ments for shale natural gas block tenders, the
basic exploration investment required for con-
ventional oil and gas blocks is 3–5 times greater
than the current levels, with a minimum invest-
ment of 30–50,000 CNY/km2. Raising minimum
exploration investment, raising the prospecting
efficiency of the blocks, encouraging block
withdrawal and reducing the surface area of the
blocks will transform the current prospecting
stalemate. At the same time, the current advanced

block application system must be reformed, and,
as with shale natural gas block sales, it should be
possible to sell conventional oil and gas blocks
through a competitive process. In addition,
mechanisms for block exit that are widely prac-
tised internationally can be used. Monitoring
teams must also be set up to oversee the imple-
mentation of all the rules and regulations.

3. Trading mechanism for reserves

Trading mechanisms and platforms for proven
natural gas reserves need to be established. In
recent years, the average annual increase in
proven geological natural gas reserves has
exceeded 600 billion m3, and this tendency to
fast growth is expected to continue in the coming
years. However, there is investment and opening
up of the newly proven reserves is not promptly
achieved, with parts of the reserves remaining
unexploited for prolonged periods of time. The
reason for this is the difficulty of making the
exploitation of some of these reserves economi-
cally viable. The recommendation, therefore, is
to establish a trading mechanism for the
hard-to-exploit proven reserves, allowing them to
enter the market, where they can be transferred to
a different party, and can eventually come into
possession of an enterprise capable of conducting
more expeditious exploitation and making it
economically viable. The exploration enterprises
can thus recover their exploration costs and the
producer enterprises, by purchasing these
reserves, gain a production opportunity. To
ensure that these reserves are developed
promptly, the situation where rights transfer is
not followed by development must be avoided.

Recommendations for Setting up a
100 billion m3 Annual Capacity Shale
Natural Gas Integrated Experimental
Area in Sichuan Basin
The development of the shale natural gas
industry touches upon many areas—the
conditions of the natural resources, tech-
nology, equipment, construction, invest-
ment, utilisation and environmental costs,

1.5 Measures to Ensure a Safe and Efficient Gas Supply 23



for example—and these must all be con-
sidered. We estimate that with appropriate
organisation and policy support, Sichuan
Basin can become a leader and focal point
for shale natural gas development in China,
and the potential production of shale nat-
ural gas in this region could be as high as
100 billion m3 by 2025. The reasons for
this are as follows:

1. Guaranteed resource base: According
to PetroChina evaluation data, the total
reserves of shale natural gas in the
Longmaxi and Qiongzhusi formations
approach 40 trillion m3. These include
Longmaxi marine facies shale natural
gas, where production breakthroughs
have already been made, with a total
area of 75,000 km2, containing reserves
of 25 trillion m3 of shale natural gas,
with recoverable resources of 3.7 tril-
lion m3. Of these 75,000 km2, 35,000
have been found to have conditions that
are especially favourable to shale nat-
ural gas extraction, containing almost
14 trillion m3 of shale natural gas, of
which 2.8 billion m3 is recoverable. In
a scenario where the 20,000 km2 area
of Longmaxi shale coal formation is
used, development is started in 2015,
then the exploration and well distribu-
tion can be completed and 10,000 wells
can be drilled by 2025, with the
potential production of shale natural gas
reaching 100 billion m3 in 2025. Fol-
lowing that, drilling approximately 800
wells annually, production can remain
stable for 20 years.

2. Mining technology and equipment:
Currently China is at already in the
initial stages of mastering shale natural
gas geophysics, well drilling and com-
pletion, and fracturing technology.
China currently possesses 3500 m
capability of horizontal drilling and
stage fracturing. Chinese non-seismic
geophysical prediction and

identification technology, fully mobile
tracked drilling rigs, large fracturing
vehicles and construction environmen-
tal protection technology all comply
with advanced international standards,
and there has also been a breakthrough
in domestic bridge plug production.
Currently the only fields where there is
a gap between Chinese technology and
advanced foreign technology are well
drilling geological guidance, measure-
ment while drilling (MWD), micro- and
nano-structures and component analy-
sis. However, there are already many
foreign shale oil companies in China
taking part in shale natural gas devel-
opment, and these can supply the key
technology required. The fact that
Sinopec’s Chongqing Fooling shale
natural gas field has already entered the
commercial exploitation phase proves
that the development of Chinese shale
oil industry has passed an important
benchmark.

3. Exploitation is productive and eco-
nomic viability guaranteed: By
November 30, 2014 (when the research
group was on-site), Sinopec, in Fool-
ing, Sichuan, completed 69 fracturing
test wells, all of which produced med-
ium and high shale natural gas flow.
The average flow at a single well was
measured at 32,000 m3 per day. On
average, a single well, under conditions
of uninterrupted flow, can produce over
21.6 million m3 of gas, with the aver-
age cost of single well standing at CNY
80 million (including exploration, pro-
duction and transmission costs). Add-
ing taxes and other simple management
fees, the well cost is below 1.5
CNY/m3. Currently the wellhead price
of shale natural gas stands at
2.78 CNY/m3, and adding the
0.5 CNY/m3 national financial subsidy
gives us the actual gas price of
3.18 CNY/m3, and a single well can,
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therefore, dependably generate an
annual income of up to CNY
68.69 million. Other areas in Sichuan,
such as Changning and Weyuan, also
have shale deposits, situated at great
depth, but here shale natural gas fields
are layered with conventional gas
deposits and the economic value lies in
their combined extraction, while shale
natural gas production in Exi, in the
east of Chongqing, is made highly
economically viable due to the presence
of associated light oil. These facts
confirm the assured economic viability
of shale natural gas production in
Sichuan Basin.

4. Existing environmental protection
precedents to draw lessons from and
guaranteed water resources required
for gas extraction: The United States
currently has over 100,000 shale natural
gas wells, and under effective govern-
ment supervision and public scrutiny,
there have so far been no environmental
accidents which might have been
detrimental to society. In Sichuan
Basin, the extractable layers of shale
natural gas are situated at the depths of
over 2000 m, and measures such as
adequate well casing and increased
safeguards (adding an extra casing) can
effectively prevent the water used for
fracturing from permeating to the sur-
face. As far as water use is concerned,
the production of 100 billion m3 of gas
consumes approximately 400 mil-
lion m3 of water, which amounts to
1.6% of the current water consumption
in Sichuan province. Therefore,
Sichuan Province, richly endowed with
water resources, can guarantee suffi-
cient water reserves for the industry.
In order to meet the 100 billion m3

annual mark, CNY 800 billion of invest-
ment is required to build the capacity (to
cover the drilling and completion of
approximately 10,000 wells between 2015

and 2025). Under the current system the
project would rely solely on PetroChina
Southwest Oil and Gasfield Company.
However, this company’s investment track
record is insufficiently dynamic—as evi-
denced by the Laongangmiao gas field
(with over 400 billion m3 of capacity),
discovered by PetroChina Southwest Oil
and Gasfield Company in central Sichuan
(these conventional gas fields also require
large exploration investment). Thus a new
way of thinking is needed to develop the
shale natural gas industry, and we propose
establishing an integrated shale natural gas
exploitation experimental zone in Sichuan
Basin and its periphery. First, preliminary
testing will be conducted under safe con-
ditions and strict environmental manage-
ment, and the consequent exploitation must
then proceed using new, remodelled
methods, mechanisms and regulations. As
well as playing a role in bolstering shale
natural gas exploitation, it will become a
trailblazer for China’s oil and gas reform,
and the experience gained from it can be
replicated and promoted. Important initia-
tives include:

1. Innovative mining rights manage-
ment and market access manage-
ment: A unified tender can be put out
for resources, with the exception of
those areas where the three main
enterprises have started already pro-
duction, are verifying resources or are
carrying out exploration. Market access
must not be restricted to other
state-owned enterprises but must also
be opened to privately run companies
and foreign-owned enterprises. It is not
only the large transnational foreign
enterprises that need to be attracted to
take part, but also small and
medium-sized companies with exten-
sive experience and strong capacity for
innovation. It is these companies that
played a key role in shale oil and gas
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revolution in the United States. If the
environmental targets for technology
are met and national security clearance
is obtained, foreign enterprises can
enter the Chinese market as wholly
foreign-owned enterprises.

2. The full benefits of the mixed own-
ership system must be obtained: This
practice has already been implemented
by PetroChina and Sinopec. In the
Changning block PetroChina has set up
Sichuan Changning Gas Development
Co., Ltd., while Sinopec established
Chongqing Shalegas Exploration and
Development Co., Ltd. in Chongqing,
both of which are under mixed owner-
ship. A mixed system of ownership not
only grants an investment opportunity
to local state capital, private capital and
foreign capital to invest, but is also
conducive for central enterprises’ usage
of social capital in order to bolster
resource exploitation. The presence of
local state capital is beneficial with
regard to demolition and resettlement,
road building and the immediate usage
of natural gas. The participation of
private and foreign capital is beneficial
in reforming corporate governance and
raising extraction efficiency and the
level of services. In order to deepen the
mixed ownership reform in shale natu-
ral gas industry, it is necessary to apply
great effort in the areas of corporate
governance, strategic synergy and the
division of labour. We must maintain
the initiative across the board, and
avoid misappropriation of funds or sit-
uations where the mixed system of
ownership exists only on paper, and the
external investors are denied participa-
tion in management and operations.

3. Effective regulation methods for
shale natural gas industry: Appropri-
ate policy system, management stan-
dards, regulation system and rules for
shale natural gas prospecting and

exploitation, as well a platform to
gather and share information, can be set
up and applied for a period of 3–4 years
in the experimental area. Regarding the
environmental regulations, the envi-
ronmental regulation will be organised
and implemented locally following the
standards and policies set by the central
government. The Environment Ministry
is currently researching and formulating
the environmental impact assessment
guidelines for the shale natural gas
industry, and these can be put to a pilot
test in the experimental area, bringing
out and implementing, for the first time,
the national standards and regulations
regarding land use, vegetation restora-
tion, water resource utilisation, waste
water treatment, waste disposal, gas
emissions, exploratory well drilling and
well completion. Regarding sharing
geological data and information, it is
possible to follow the American exam-
ple and introduce legislation to enforce
the obligatory compilation of geologi-
cal shale natural gas data, building it up
into a geological engineering informa-
tion management platform, with the
government controlling the natural
resources information, which will then
be shared, boosting the efficiency of
shale natural gas exploitation.

4. Fiscal and taxation policy

Fiscal and taxation policy regarding natural
resource extraction must be improved. Conven-
tional gas projects generate high income after
price liberalisation, and the natural resource
taxation rate should be raised. However, for tight
natural gas, shale natural gas and coal seam gas,
in order to encourage development of the
unconventional gas industry, it is necessary to
consider reforming the financial and taxation
system, adjusting the relationship between local
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and central taxation, lowering the natural
resource tax rate and mobilising the role of local
government. Regarding shale natural gas, during
the 2012–2015 period, the central financial
administration provided a subsidy of
0.4 CNY/m3 to shale natural gas-producing
enterprises meeting the relevant conditions. The
13th Five-Year Plan period is a crucial time in
the development of China’s shale natural gas
industry, as it moves from the investment stage to
growth stage. Even in the current situation of
very low international oil prices, with the
expectation that the price of a barrel of oil is to
remain around the 60–80 $/bbl in the next 3–
5 years, and with global investment in shale
natural gas shrinking, it is especially important to
encourage active exploration and production of
shale natural gas. For this reason, the subsidies
for shale natural gas industry must be extended
and continued. Currently the Finance Ministry
and the Natural Resources Ministry have already
decided that the subsidies will be fixed at the
level of 0.3 CNY/m3 for the period of 2016–
2018 and 0.2 CNY/m3 for 2019–2020.

Coalbed gas exploration must also be sup-
ported. First, in coal seam gas exploitation, we
must, with safety and environmental protection
as guiding principles, closely integrate the
development of mines and wells within coal
mining areas. Ground drainage must be per-
formed five years in advance, pumping water
from the well must be advanced moderately, and
old reservoir coal seam gas (methane) must be
actively extracted. Independent enterprises must
be encouraged to purchase coal seam gas
(methane) from different mine and well locations,
large-scale usage must be realised, and subsidies
extended to the enterprises directly or partially
using this gas. Second, commercial exploitation
of non-coal mine coal seam gas should be pro-
moted using targeted policy. Coal seam bed gas
production must be commercialised in partially
exploited coal bed gas areas situated in the
locations outside the regions with coal mining
programmes, as well as in those mines which for
10 or 20 years have not engaged in coal pro-
duction. The current categorised incentive policy
does not allow the extension of these incentives

to the coal mining locations which do not address
the safety and environmental issues.

1.5.2 Achieving Import
Diversification,
Safeguarding the Security
of Natural Gas Imports

The general orientation of support and encour-
agement for natural gas imports is as follows.
With regard to natural gas import policy, China
needs to reconcile the conflict between the fol-
lowing three aspects: the need to address the
problem of environmental pollution, a continu-
ous increase of natural gas consumption caused
by economic development and a rise in people’s
incomes, and the need to ensure the security of
natural gas supply. The domestic consumption of
natural gas must be expanded both as a propor-
tion of the total energy resource consumption
(currently at 5.8%) and as regards the penetration
rate in residential use (16%). Preventing air
pollution has already become urgently necessary
and is a strong motivating factor in the expansion
of the use of natural gas. In summary, to solve
the fundamental contradictions facing the issue
of how to expand domestic natural gas con-
sumption, the formulation and issuing of all the
relevant natural gas policies and regulations in
China must be subordinate to the need to effec-
tively resolve these contradictions. The orienta-
tion of China’s import policy in the near future
(from the present day to 2020 and then 2030) is
as follows: imports must be cautiously encour-
aged, but at the same time efforts must be made
to achieve diversification of the import sources
and import partners, as well as of contracts and
pricing methods, in order to guarantee overall
control of natural gas imports.

Analysis of Chinese Natural Gas Sup-
ply Security
The degree of dependence of China on
foreign natural gas is rising fast, reaching
32% in 2013. For this reason, some take
the view that restrictions should be placed
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on the proportion of natural gas imports.
Our analysis shows that China is capable
of maintaining overall control of the
security of natural gas supply, without the
need for restrictions being placed on the
proportion of natural gas imports. The
reasons for this are as follows:

• Natural gas is a substitutable resource
and can be easily substituted using oil,
coal or renewable energy sources,
which makes the problem of its supply
security easily solvable.

• The security of natural gas supply in
China is markedly better than that of
oil. One reason is the diversity of
sources of natural gas imports—from
Central Asia in the North West, Russia
from the North East, Myanmar in the
South West, and on the Eastern sea-
board the LNG arriving via maritime
routes from different countries. The
situation is clearly different from oil,
which relies on the supplies from the
Middle East, and over-relies on the
supplies delivered via the Strait of
Malacca. The second reason is that,
compared with other countries, the
current ratio of natural gas in its energy
structure and the ratio of its imports,
make China’s diversified imports com-
parable with the European Union, and
in the future will be comparable with
Japan and South Korea.

• The national reserves of conventional
gas, shale natural gas and coal seam gas
have very large development potential,
and, provided the institutional mecha-
nisms are rationalised and enough time
is allowed, production output can be
increased greatly.
It could be said that the key and the

incentive to achieve national gas supply
security are firmly in China’s own hands.
For this reason, in the context of China’s
ample global natural gas supply and its
pressing need to control emissions,

increasing gas imports will allow China to
simultaneously increase natural gas usage
and reduce emissions. Naturally, while
encouraging imports, the operation of gas
stocks and reserves as well as the inter-
connectivity of the pipeline network must
be increased, in order to mitigate against
potential short-term market fluctuations
(Fig. 1.5).

First, the sources of imports must be diversi-
fied. According to the current LNG and pipeline
contracts signed by China, in the coming years
natural gas imports are expected to undergo fast
growth, from 53 billion m3 in 2013 to approxi-
mately 192–230 billion m3 in 2020. Generally
speaking, the diversification of China’s natural
gas imports is growing. The main importers into
China are Turkmenistan and Russia, with each
country accounting for roughly 30% of the total,
while Australia’s imports come second, at 12%.
The remaining 30% or so is contributed by eight
different countries—including Myanmar, Qatar,
Uzbekistan and Papua New Guinea—and also by
centralised natural gas buyers. These figures
represent a significant change from the propor-
tion of natural gas imports in 2013: the imports
from the Middle East into China fell the most,
from 17.7% in 2013 to just 3%, Turkmenistan’s
fell from 47 to 30%, but imports from Russia
grew from zero to 32%, with a slight increase in
Australian imports also.

Second, the import methods must be diversi-
fied. Regarding contracts and price setting:

• The contracts must include long-, medium-
and short-term ones, as well as merchandise
on hand contracts, in order to facilitate greater
flexibility and also to better respond to and
control market changes.

• When setting prices, the oil price index as
well as the standard diversified price index
must be included.

• When estimating the competitiveness of the
price, it is necessary to consider factors such
as the risks involved in the project and the
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commercial structure; risks can be mitigated
by using rolling contracts for purchasing
natural gas, which are also suitable for bal-
ancing domestic supply and demand.

The natural gas supply structure must involve
diverse geographic sources. Also we must attract
new participants in the import industry, encour-
aging more large-scale end users to purchase
natural gas on the international LNG market.
Such new customers, both electricity companies
and large-scale urban heating enterprises, will
bring great benefits to the market, and by
reducing the intermediate links this can improve
the efficiency of the natural gas value chain.
Supervision and regulations must be strength-
ened, and access by third parties to the relevant
facilities, such as receiving stations and the
pipeline network, must be effectively promoted
to ensure an efficient, unimpeded flow of natural
gas imports into the country.

Third, natural gas trade and foreign invest-
ment must be bolstered using commercial prin-
ciples. Encouraging foreign investment in natural
gas, especially in the “One Belt, One Road”
region and by the major gas-producing countries,

is particularly beneficial for safeguarding the
security of natural gas supply, as well as being
beneficial to extending the commercial cover to
more segments in the natural gas value chain. It
also helps the chain to withstand the risks of
price fluctuations. When developing foreign
trade and investment in natural gas, in order to
consistently maintain commercial principles, we
must not adhere only to national strategic guid-
ance, but must also make the utmost effort to
obtain commercial benefits, and make economic
viability a foundation of project partner-
ship. Naturally, in order to realistically tackle the
problem of contracts signed at the time of high
prices, a new mechanism of sharing the historical
cost between enterprises and the state can be
explored.

1.5.3 Accelerating the Construction
of Pipeline Network,
Promoting Network
Interconnectivity

Pipeline network is key infrastructure and its
construction must be advanced moderately, and
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its unified planning, interconnectivity and dis-
patch flexibility strengthened. Specific measures
are outlined below.

First, the construction of pipeline network
infrastructure must be accelerated and transmis-
sion capacity increased. China’s 2020 natural gas
market demand will be approximately 350 bil-
lion m3, and 580 billion in 2030. Knowing that
resource supply to demand ratio must be 1:1.1
and the transfer capability to demand ratio 1:1.15
in order to ensure proper distribution and allo-
cation within the market, we can see that the
capacity of the pipeline network must reach
400 billion m3/year in 2020, and 670 billion in
2030. At the end of 2014 the transmission
capacity of China’s pipeline network stood at
240 billion m3, capable of satisfying just 60% of
the 2020 transmission demand and 36% of the
2030 transmission demand. Therefore, the con-
struction of pipeline network infrastructure must
be accelerated in order to meet the demands of
the growing market. Efforts must be made to
extend the total pipeline network length to
15,000 km by 2020, achieving transmission
capability of over 400 billion m3, and 26,000 km
and 690 billion m3 respectively by 2030. The
aim is to achieve a pattern of “western gas to the
East, northern gas goes South, eastern gas arrives
by sea, using the nearest supply”. In other words,
Central Asia imports of gas supply the North
West of China, Myanmar supplies gas to the
South West, the North of China will be supplied
by Russia, and Eastern China by maritime
imports of LNG, forming four great import
pathways. Between 2020 and 2030 Lines A, B,
C, and D of the Central Asia–China Gas Pipeline
will achieve transmission capacity of 85 bil-
lion m3, the Myanmar–China Pipeline a mini-
mum capacity of 10 billion, the Russia–China
pipeline 68–69 billion, while LNG imports are
expected to realise a reception capability of
100 million tons.

Second, the construction of pipeline network
must achieve optimal layout and interconnectiv-
ity. The fundamental idea is to create intercon-
nectivity by constructing a backbone trunk of the
long-distance national pipeline, equipped with
hubs and tie-lines. The flexibility of allocation

control will be achieved by provincial-level
backbone pipeline trunks running through dif-
ferent hubs. Underground reservoirs and LNG
reception terminals will be connected to the
national pipeline network and the adjacent
provincial and metropolitan markets will form a
regional network. Specific measures required are:

• Achieve interconnectivity of the main trunk
of the national pipeline network. The inter-
connectivity of the main trunk relies first on
the key hubs at the junctions of the network.
Such hubs have been formed in Zhongwei in
Ningxia, Yongqing in Hebei and also in
Shanghai and Guangdong. Among these,
Ninxia’s Zhongwei is the junction on the
route connecting Western China to the East,
and is connected to the system transporting
Western gas eastwards, linking up the Xin-
jiang coal methane pipeline, the Shaanxi–
Beijing pipeline, the Zhongwei–Jingbian
pipeline and the Zhongwei–Guizhou pipeline.
Zhongwei brings together the gas from Cen-
tral Asia, from Xinjiang’s and Changqing’s
gas fields as well as the Xinjiang coal
methane. Yongqing in Hebei is northern
China’s regional hub; it connects the
Shaanxi–Beijing Pipeline, the Russia–China
Natural Gas Pipeline, the gas storage reser-
voirs in northern China and the Tianjin–Hebei
resources pipeline. It is the northern region’s
centre for the regulation of the natural gas
flow, it optimises natural gas allocation and
mitigates peak demand. Many lines of the
backbone national pipeline traverse Hubei
Province, which is a key hub in South Central
China, a key junction connecting the supplies
of conventional gas and coal methane from
Xinjiang, the imported gas from Central Asia
and Russia, as well as shale natural gas from
Sichuan and Chongqing. Shanghai, an
important natural gas market centre, is not
only an important hub for China’s West to
East Pipeline’s Pipelines 1 and 2, and the
Sichuan to East Pipeline, it also receives gas
from the Sea of Japan (East Sea) and also a
large quantity of LNG imports. Shanghai is a
gas trading hub and is also a national pricing
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benchmark, and the city is destined to become
a national hub in the future. Guangdong
Province is an important natural resources
hub, and in the future will form a staging area
for different types of gas. Its supply structure
is varied, with pipeline gas, sea gas and LNG,
and its supply pipelines include China’s West
to East Pipeline’s Pipelines 2 and 3, the
Xinjiang–Guangdong–Zhejiang pipeline, sea
gas and also LNG terminals. Guangdong is
the most diversified province as far as sources
of gas are concerned, and several different
categories of gas resources are pooled here,
including conventional gas, coal methane, sea
gas and LNG (Fig. 1.6).

• Unified planning, interconnectedness and
flexible deployment of resources of
provincial-level pipelines are a priority—in
order to avoid replication of infrastructure and
loss of efficiency, the infrastructure con-
struction must take place under a unified
planning programme and proceed step by step
according to the degree of market develop-
ment. The provincial natural gas companies
must be in charge of the construction and

operation of the provincial pipelines and peak
regulation facilities. However, provincial gas
companies must not purchase natural resour-
ces. This is done by the downstream cus-
tomers negotiating directly with upstream
suppliers.

• Because of factors such as administrative
divisions and examination and approval red
tape, the structure and development of
regional pipeline networks, apart from the
trans-provincial long-distance pipeline and its
tie-lines, is largely concentrated within the
borders of provinces, creating large natural
gas consumption gaps between neighbouring
provinces or economically similar provinces.
In the future, relying on government guidance
and support, pipeline network tie-lines must
be built to connect the backbone provincial
pipelines, achieving resource complementar-
ity, bolstering regional natural gas industry
development and improving the regional
pipeline network system.

Third, overall planning of infrastructure con-
struction is necessary, strengthening the
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supervision of the schedules of planned projects.
Currently, infrastructure construction in China is
mainly carried out by the three major oil and gas
companies, with no effective links between them.
As the infrastructure keeps improving, the inter-
connectedness of the infrastructure layout will
become crucial in ensuring the security and sta-
bility of the functioning of China’s natural gas
industry. This will become especially significant
in the future following the construction of the
Xinjiang–Guangdong–Zhejiang Pipeline, West
to East Pipeline Lines 4 and 5, and the Russia–
China Pipeline, as well as of coastal terminals
and underground storage reserves. Effective
infrastructure interconnection can only be
achieved if effective co-ordination is included in
the planning stage. For this reason, the govern-
ment departments must become involved in
infrastructure construction, carrying out com-
prehensive co-ordination and strengthening the
supervision, regulation and control of the con-
struction projects. In order for the planning tar-
gets to be implemented, the progress and the
actual status of the projects must also be tracked.

Fourth, we must diversify the investors. China
encourages and supports all categories of capital
to participate in investment into the construction
of infrastructure under the umbrella of unified
planning. The three major oil and gas companies
must open up their investment rights for the
construction of the national backbone pipeline,
and private capital must be attracted to this area.
The monopoly of the provincial gas companies
on infrastructure construction must be broken.
By attracting private capital to participate in the
infrastructure construction, we will bolster
infrastructure construction and raise construction
capacity. Attracting new shareholders, such as
the National Council for Social Security Fund,
urban infrastructure industrial investment funds
and Baosteel, will break the established pattern
of 100% investment by the three major oil and
gas companies, and establish private capital in
the construction of the national backbone
long-distance natural gas pipeline. The planned
West to East Pipeline Lines 4 and 5 and the
Xinjiang–Guangdong–Zhejiang Pipeline must,
using the method applied for West to East

Pipeline Line 3, create a joint capital venture
using private capital. Investor diversification in
long-distance pipeline infrastructure will be
achieved by bringing in investors other than one
of the three major oil and gas companies. To
accelerate provincial infrastructure construction,
those provinces with their own gas companies
must attract private capital with a desire for
investment and the necessary investment eligi-
bility to form investment partnerships. The con-
struction rights for the provincial branches of the
main pipeline network must be completely lib-
eralised and the eligible enterprises will be
allowed to take part in infrastructure construction
and operation, in accordance with national and
local government’s planning.

1.5.4 Accelerate the Construction
of Natural Gas Reserve
Facilities and Implement
Corresponding
Institutional Reform

Natural gas storage and peak regulation are
extremely important in ensuring the smooth
operation of natural gas supply. Currently, Chi-
na’s effective storage capacity stands at approx-
imately 4 billion m3, merely 2.2% of the
consumption volume, very different to the 15–
20% observed in developed countries. The sys-
tems of organisation are also inadequate. The
specific recommendations are as follows.

• Clear targets must be set for the construction
of gas storage facilities. Natural gas storage
facilities in China must be built in accordance
with the scale of China’s future natural gas
consumption, taking into account the current
peak regulation capacity, the conditions of the
underground storage reservoirs and the
advancements in the construction of LNG
terminals, as well as drawing on the experi-
ence of major foreign gas consumer countries.
The integrated system of the underground
storage facilities and LNG storage facilities
will, by 2020, have a storage capacity
of 30 billion m3 of natural gas and
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5–10 billion m3 of LNG. With a working
storage capacity of 35–40 billion m3, this
provides a storage equal to 10–11% of the
total demand and will transform the current
peak regulation method of reducing customer
demand. At the same time, in order to guar-
antee supply security of key regions, the
national natural gas emergency response
system must be set up as quickly as possible,
specific emergency plans perfected, and an
early warming emergency response system
built. During the period leading up 2030, the
scale and capacity of the storage system for
peak regulation must continue to be gradually
expanded, and the working capacity of stor-
age facilities expanded to 65 billion m3, or
12% of the total demand, converging with the
global average. Around 2030, the strategic
storage capacity must reach approximately
5% of the import volume in order to create an
emergency reserve storage system that is
capable of dealing effectively with demand
and supply fluctuations and able to cover the
full national demand.

• Emergency peak regulation reserves storage
construction must be accelerated and its lay-
out optimised. The first step is to boost the
pace of the construction of large-scale natural
gas storage reservoirs and LNG tanks for
winter peak emergency. In northern,
north-eastern and north-western regions of
China, where the seasonal peak/trough dif-
ference in gas consumption is very large, and
where there is no shortage of locations to
build the storage facilities, priority must be
given to the construction of underground
storage facilities, as well as supplementary
small and medium-scale liquefying facilities
and LNG terminal tanks. For peak regulation
in Central and South Western China, with its
specific geological conditions and the prox-
imity of oil- and gas-producing areas, it is
possible to use depleted oil and gas pools to
construct underground storage reservoirs, and
at the same time use the upstream gas fields,
supplementing this with small and
medium-sized LNG installations. In eastern
and southern China and other regions with

rather inadequate conditions for the con-
struction of underground storage reservoirs,
priority must be given to the construction of
LNG tanks, while underground reservoirs and
small and medium-sized tanks can be used as
a supplementary system for peak regulation.
The second step is to prioritise the construc-
tion of small-scale gas storage facilities in
order to satisfy daily peak regulation needs.
In cities with high natural gas consumption,
in order to solve the important problem of
daily peak time demand, free hand must be
given to gas companies, and the construction
of small-scale LNG tanks and CNG spherical
storage vessels must be accelerated. Further-
more, it is worth considering using the newly
discovered large-scale gas fields as storage
facilities (with strong regulation capacity),
but the relevant technology and incentive
measures must be researched first.

• Formulating the laws and regulations on gas
reserve storage facilities, and thus clearly
defining the obligations of the operating nat-
ural gas companies, is of critical importance.
The national policies and regulations must be
improved as quickly as possible so as to
ensure the optimal external policy environ-
ment for both the structure and the institu-
tional framework. Enterprises must receive
encouragement to become engaged in the
construction of storage facilities and research
must be launched into innovative storage
facility operational models. National rules
and laws on the management of natural gas
storage facilities must draw on international
experience, and clearly state the organisa-
tional and managerial roles and their duties
and obligations, as well as create a graded
management system for storage facilities.
While strategic gas storage reserves remain a
responsibility of the state, the responsibility
and duty for the daily and hourly peak regu-
lation must be shouldered by the provincial
and municipal gas companies, together with
the operation of, and all the investment
required by, the regulation storage facilities.

• Pricing and taxation policy for gas storage
must be improved. The gap between the peak
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and the trough prices is a reflection of the
value of the natural gas at peak hours. We
recommend that China introduces
peak-trough price differences for all types of
customers, which will lead to rational con-
sumption, and the reduction in peak and
trough differences this causes will the raise
the operating efficiency of the system. In the
United States and France, the difference
between peak and trough prices is usually a
factor between 1.2 and 1.5. January–February
and November–December will be designated
as peak gas usage season, when peak pricing
will be implemented, with the price rising
above the gas prices at that time, establishing
a rational mechanism for pricing. The tariffs
can then be calculated on the basis of the
operating costs of storage reservoirs and
storage facilities, and on the basis of the
internal return rate approved by the govern-
ment. The government approves the price
level, but periodic evaluation and adjustment
of storage reservoir prices must be carried
out. The formulation of preferential policies
and measures will further encourage enter-
prises to become involved in the construction
of storage facilities. The recommendation is
for the government to apply preferential
policies to the costs of the construction of
storage facilities. Here the government can
use the law regarding commercial oil reserves
as a reference, where the upstream supplier
can offset 30% of the cost of LNG used in
storage and of the total cost of the investment
into the construction of LNG emergency peak
regulation storage faculties against tax. This
will encourage upstream suppliers to set up an
appropriate amount of LNG storage, enabling
them to counter the problem of temporary
supply disruptions or excessive peak demand.

• Reform of the management system of gas
storage must be accelerated. Taking into
account the Chinese gas industry’s special
characteristics, future gas storage operations
in China may at first adopt an operating
model that is not fully market-based, with
independent storage operating companies set
up within companies managing pipeline

transmission. Gas storage facilities will thus
become independent profit-making bodies,
which will not only help the gas storage
industry to operate in a more professional and
market-oriented way, but will also support
independent market price setting. As China’s
gas storage services industry develops at great
speed, there will be a developing tendency for
storage services to separate from pipeline
transmission services, becoming an indepen-
dently operating link. The diversification of
peak regulation storage facilities construction
must be encouraged. For this purpose, an
independent state-owned enterprise, munici-
pal gas companies and independent storage
operating companies must be formed to create
a diversified system, which will help to
ensure natural gas supply security and fast
growth in gas storage capacity.

• An effective early warning emergency
response system must be set up. The first step
will be to establish a forecasting and early
warning system. Statistical data monitoring
and evaluation and information dissemination
mechanisms must be established as soon as
possible, communication channels must be
fully integrated, and the system responsible
for information and natural resources statis-
tics collection must be continuously upgra-
ded. Next, an emergency response system
covering all the aspects of the natural gas
industrial chain—production, transportation
and sales—must be set up. Different levels of
contingency plans must be decided upon in
accordance with the specific enterprise and
regional characteristics. In order to guarantee
timely, rigorous and authoritative emergency
response, overall co-ordination must be
entrusted to the National Energy Commis-
sion, establishing an assessment system and a
decision-making mechanism capable of han-
dling major events in the natural resource
sphere, as well as providing feedback and
information disclosure.

• Finally, research must be conducted into the
appropriate scale of strategic natural gas
reserves. On a global perspective, the gas
industry has not yet seen an international
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supply crisis like the oil industry has, and
there are no prominent security issues. How-
ever, compared to the oil industry, the gas
industry harbours a great potential risk—it
has a high degree of integration between the
downstream, midstream and upstream.
A problem at any of these points can have an
effect on supply security. The Russia–Ukraine
gas war of 2009 is one such example. For this
reason, China must, as soon as possible, on
the basis of its commercial reserves, start
researching the issue of strategic gas storage
reserves, evaluating the future mid- and
long-term trends in national and international
natural gas security, commencing preliminary
planning, and formulating a strategic reserves
scope and model suitable for China.

1.5.5 Improve Technology Capacity
and Strengthen
the Long-Term
Development Capability

By expanding joint research and co-operation
with foreign partners in science and technology,
innovative, advanced technology must be
developed and deployed. The technology of
exploration, extraction and production of shale
natural gas, suitable for the specific nature of
Chinese geology and subterranean structure,
must be clearly understood, and a China-specific,
cost-effective, environmentally friendly and
scalable solution developed:

• Equipment: To begin with, there should be a
switch to more powerful equipment, to reduce
the quantity of equipment and the scale of
well sites and to facilitate operations in
mountainous terrain. Following that, a switch
should be made to module-based,
smaller-sized, portable equipment for those
operations in areas with geologically complex
terrain.

• Cost reduction: In order to achieve
large-scale cost reduction, we must actively
work on research on the crucial and

complementary areas of technologically
optimal design and low-cost fracturing fluids.

• Environmental protection: The safety and
environment-friendliness of the additives
used must be guaranteed. In the next three to
five years, the aim is to achieve, through
innovation and the introduction of advanced
technology, an economically viable system
for shale natural gas that addresses China’s
specific needs.

We must strive to achieve, after 2020, a
mature and complementary shale natural gas
industry capable of developing its own technol-
ogy. We must bolster research into shale natural
gas geology, and explore advanced yet workable
methods for shale natural gas exploration and
commercialisation.

The intensity of technological innovation
must be increased. There must be a focus on
making key technological breakthroughs, and
greater input must be applied to the research in
key common technology in areas such as
unconventional gas extraction, deep sea gas
industry development, and LNG storage and
transportation facilities. Strategic planning must
be carried out, as soon as possible, with regard to
research and development of key technologies in
eight major areas—shale natural gas extraction,
sea gas exploitation, coal seam gas extraction,
methane hydrate extraction, coal gas,
gas-powered vehicles (ships) engine manufac-
turing, combined cycle gas turbine generator
units, and carbon capture and storage. While
focusing on achieving breakthroughs in key
technologies, we must also carry out, in advance,
fundamental research in the relevant fields.

Finally, innovative energy technologies
require an innovative management system. The
national energy authorities must take the lead,
and organise and co-ordinate the work of the
ministries of technology, national resources,
industry and information technology, finance,
environmental protection and of the Standard-
ization Administration. Every organisation’s role
and responsibility in supporting natural gas
technological innovation should be clearly
defined. The supporting policies must be
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formulated according to the special characteris-
tics of generic technologies in order to strengthen
the support system for innovative natural gas
technologies. A national unconventional natural
gas research laboratory must be set up, bringing
together human, material and financial resources
to achieve breakthroughs in the key areas of
technology.

1.6 Constructing a Modern Natural
Gas Market Mechanism
and Management System

Expanding supply and demand, raising efficiency
and safeguarding supply safety all require a
reform of the institutional mechanisms. The ori-
entation of such reforms is identical with the
reform spirit and the orientation of the Third
Plenary Session of the 18th Central Committee
of the Communist Party of China. Namely, while
the decisive role must be given to market and
resource allocation, the government role must
also be applied to the greatest possible extent. In
order to rationalise the comparative prices for
natural gas and alternative energy sources, a
pricing system and a green finance system must
be set up which reflect the degree of scarcity of
natural resources, the supply and demand rela-
tionship, and the external cost of environmental
damage. Diversified competition and greater
openness to foreign involvement must be boosted
at all the stages of the natural gas industrial
chain, but we must also at the same time
strengthen the regulations regarding market
access fairness and general services in order to
establish a diversified, opened, orderly and
modern market system. Specific measures are as
follows.

1.6.1 Liberalisation of the Upstream
Sector and True Import
Liberalisation

In order to have competition in the natural gas
market, it must have a certain number of partic-
ipants. The United States and Europe are

examples of classic competitive markets, with
many players and vigorous competition at every
stage, from exploration and production, and
storage and transportation, to wholesale and
retail and market hubs. Resource acquisition is
the prerequisite of natural gas usage, but in this
industry it is often the upstream producers that
control the operations and the profit allocation
along the entire industrial chain. For this reason,
the liberalisation of access to upstream explo-
ration and development is crucial for the growth
of the natural gas market.

Market Characteristics of Major
Countries
The characteristics of a competitive,
responsive, fluid natural gas market are:

• The number of participants in the mar-
ket must exceed a certain number: a
greater variety of services is made
available to consumers by greater mar-
ket participation and midstream
competition.

• Competitive prices at wholesale and
retail levels.

• Non-discriminating liberalised market
access, including access to infrastruc-
ture facilities such as pipeline network,
storage reservoirs and LNG terminals
(Table 1.2).

Currently the oil and gas concessions in China
are almost entirely concentrated in the hands of
large oil companies. Nationwide, the total area of
registered oil and gas exploration concessions
stands at 4 million km2, and the area granted to
the three main oil companies—Sinopec, Petro-
China and China National Offshore Oil Corpo-
ration—stands at 3.9 million km2 or 97% of the
total. The area of registered mining concession is
approximately 118,000 km2, of which
117,000 km2 (99%) belongs to the three main oil
companies. Exploration and development of
unconventional gas resources, such as shale and
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coal bed gas, has already been opened up to a
variety of different enterprises, but the number of
exploration blocks is limited. Furthermore, the
three main oil companies still enjoy the leading
positions in the development of the unconven-
tional gas resources due to the fact that under
many circumstances the degree of the overlap
between non-conventional gas (mainly shale
natural gas) and conventional gas blocks is very
high. Moreover, in the import segment of the
industrial chain, even though policy allows a
greater number of enterprises to participate in the
natural gas import trade, currently, because of the
limiting factors such as reception terminals, the
number of players in the domestic natural gas
trade market is still very limited, being restricted
to a few enterprises such Huadian Group, Jiufeng
Energy and ENN Energy.

Solving the problems which plague the issue of
mining concessions, such as over-concentration,
“enclosure without prospecting” and “control
without development” is a crucial part of the

comprehensive, deep upstream reform of the
industry. For this reason, starting with the existing
laws, regulations and management methods, the
maximum effort must be exerted to promote
investment diversification, and improve market
access standards. The tender bid system must be
comprehensively applied to natural gas conces-
sions, and we must push forward, in an orderly
and efficient manner, the construction of primary
and secondary prospecting and mining rights
markets, while at the same time putting funda-
mental natural gas resource data to work for the
public benefit.

Regarding imports, we must, on the one hand,
expand the standardisation, public disclosure and
transparency of the approval process for built
facilities, such as receiving terminals, and, on the
other hand, draw on the international experience,
producing detailed policy regarding third-party
access, and effectively strengthening the neces-
sary regulation. We must compel those enter-
prises that meet the necessary conditions to turn

Table 1.2 Natural gas market characteristics of major countries and regions

Natural gas indicators Category USA EU UK Japan South
Korea

China

Supply
(billion m3/year)

National
production

689 269 38 3 0.5 115

Imports 37 231 39 123 53 49

Consumption (percentage
of total amount)

Electrical
power

40 30 30 65 50 15

Industry 20 20 10 5 20 45

Pipeline (km) 500k 200k 8k 5k 4k 50k

Wholesale market competition ✓ Constrained
(oligopoly)

✓ Constrained
(oligopoly)

X X

Access openness Upstream ✓ ✓ ✓ ✓ X X

Transmission ✓ ✓ ✓ ✓ X X

Allocation diversified diversified ✓ X X X

Unbundling of transportation
and sales rights

✓ diversified ✓ X X X

Independent (federal)
market power

✓ ✓ ✓ X X X

Liquidity market centres ✓ ✓ ✓ X X X

Note The above data is from 2013, but the data for China’s natural gas consumption for electricity generation and by
industry is given at 2011 levels
Source Vivid Economics, and based on IEA, EIA, Chinese Government and ENTSOG data
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towards the natural gas import industry (pipeline
transmission and LNG) and make independent
choices to engage in natural gas imports.

1.6.2 Step-by-Step Natural Gas Price
Reform, Accelerated
Construction of Natural
Gas Trade Hubs

Natural gas reform is key to resolving the
numerous conflicts in the natural gas sector. Such
reform must not only focus on adjusting natural
gas price levels. The focus must also be on the
reform of the pricing mechanism.

1. The netback method must be improved fur-
ther, as quickly as possible. First, price reg-
ulation frequency must be adjusted, and
efforts must be made to achieve seasonal
regulation as soon as possible. Second, the oil
price levels and depreciation indices used as a
reference for price adjustment must, to the
greatest possible extent, reflect the changes in
the price of alternative energy sources, rather
than be based on the high-price import costs
paid previously by the three large gas and oil
companies.

2. The cost and the prices for gas transmission
using long-distance pipelines, pipeline bran-
ches, provincial and metropolitan pipelines,
and distribution pipelines must be determined
on a scientific and rational basis. In addition,
the regulation in this sector must be
strengthened and the return on pipeline
investment rate adjusted from 12% down to
8–10%. The current situation of inflated
transmission and distribution prices must be
reformed in order to create a more optimal
environment for price reform and for the
development of the natural gas reform
industry.

3. Improvements must be made in the imple-
mentation of seasonal price differences, the

peak and trough price differences, intermittent
supply prices and storage prices. Measure-
ment standards and valuation methods must
be revised (from being based on flow rate or
quality, to a valuation based on calorific
value) and at the same time we must
strengthen, both in technological and admin-
istrative areas, the supervision and checks of
pricing violations. The problem of the lack of
organisation in tax collection by local gov-
ernments must be solved as quickly as pos-
sible. Currently, as part of the natural gas
price adjustment fund, the local government
levies a fee of between 0.3 and 1 CNY/m3 of
natural gas sold, which adds to the burden on
the consumer. This practice must be abol-
ished. The aim is to gradually rationalise the
price of natural gas for residential use.

4. Price liberalisation must be carried out in
areas which comply with the necessary con-
ditions. In areas with multiple sources of
natural gas and abundant supply, such as the
eastern regions of Shanghai, Guangdong,
Zhejiang and Jiangsu, the imports of natural
gas must be liberalised by allowing
third-party access to infrastructure; liberali-
sation must also extend to the gate price of
every province, with prices decided directly
by the up- and downstream users.

5. The construction of regional trading hubs
should be promoted. The construction of the
Shanghai and Guangdong hubs can be pushed
forward in the near future. In the medium and
long term, new regional hubs can be set up in
Beijing, Sichuan, Hubei, Ningxia and Xin-
jiang. Efforts must also be made to make the
Shanghai hub into an Asian, and even inter-
national, natural gas trade hub. Eventually,
the Shanghai hub will develop into a trading
hub system where its international pricing
hub capability can interact with that of a
multi-regional hub, acting as a link and
comprehensively connecting the domestic
and the foreign demand and supply. The
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trading hubs must first engage in spot trading,
then expand its trade volume and scope, and
only then commence developing trading in
futures, increasing the market depth.

The Function, the Conditions and the
Implementation Phases of Trading
Hubs
Spot trading provides greater flexibility
and fluidity to long-term contracts, and its
role in international natural gas trade is
continuing to grow. Trading hubs have two
important roles. The first is to physically
bring together the sellers and the buyers,
and the second is to allow for the compe-
tition to decide the prices. For this reason,
as the signal of market-oriented pricing
raises the economic efficiency of the trad-
ing and investment decisions, correspond-
ingly lowering trading costs, market
participants will benefit. Moreover, the
trading hubs can, by using the pricing
mechanisms, also solve the problem of
supply and demand imbalance, safeguard-
ing the security of gas supply. The poten-
tial shortcomings are that the prices might
experience intense short-term fluctuations,
since they are decided entirely by compe-
tition, and led entirely by
non-governmental market forces. The data
shows that price fluctuations are often
greater when prices are set using the trade
hub method than when set using oil price
as a standard.

The success of trading hubs depends on
three prerequisites. First, there must be
non-discriminatory access to an improved
and open natural gas transmission pipeline
network for the market participants to
operate in. Liberalisation of the pipeline
network is the key to successfully liberal-
ising prices, and failure to meet this con-
dition can cause the natural gas supply,
regardless of whether the gas is domesti-
cally produced or imported, or transported
by pipeline or as LNG, to be unable to link

up with local demand. Second, many of the
independent buyers and sellers actively
take part in arbitrage trade, and none have
strong market allocation capacity. For this
reason, the trading hubs must be guided by
competitive prices, thereby avoiding the
problem of the market forces influencing
and distorting prices and trade volume.
Third, the government must support the
liberalisation of prices on the wholesale
gas market, along with providing stable,
transparent and reliable regulations. The
trading hubs must place priority on arbi-
trage trade, which will raise market oper-
ational efficiency, but the arbitration trade
must rely on accurate and highly trans-
parent reports of natural gas prices.

China has many of the conditions nec-
essary to become Asia’s regional natural
gas trading hub: the scale of its natural gas
production, the growth of its pipeline net-
work and the volume of its LNG imports.
Moreover, other Asian countries cannot
match China on the Asian natural resources
market. However, the Chinese market is
still comparatively centralised, third-party
access to the pipeline network is still sub-
standard, and the prices remain under the
government control. These factors will
hinder the establishment of trading hubs.
A roadmap for the next 5–10 year devel-
opment of China’s natural gas trading hubs
must be formulated. First, pilot projects
must be launched. A mechanism compris-
ing third-party access to pipeline network
and transparent prices can be set up in the
Shanghai region, creating the conditions of
competitive natural gas demand and sup-
ply. Then the area allocated to pilot pro-
jects can be expanded, new categories of
sellers and buyers added, while at the same
time strengthening market supervision.
Gradually, as the effectiveness of the pilot
project grows, it will attract a growing
number of producers and consumers. As
more and more different organisations join
the hub trade, the network effect can be
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achieved, increasing the advantages of the
hub. Both the hub’s scale and its role in
setting prices will continue to grow until
the hub becomes limited by the size of the
land area allocated to it.

With price liberalisation action as a founda-
tion, it is also necessary to use the regulatory role
of taxation policy, and to establish and improve
the policy system of environmental taxation and
carbon trading. Environmental tax and carbon tax
can be used as an incentive mechanism to expand
the natural gas industry, and will also send out a
powerful signal to the investors. The period of
the 13th Five-Year Plan must witness the for-
mulation and appearance of the environmental
tax, the expansion of carbon trading and the
establishment of a robust national market,
expanding across the entire economy, including
primary, secondary and tertiary markets, and
integrated into the global market.

1.6.3 Clear Allocation of Functions
and Robust Supervision
to Support Unbundling
and Third-Party Access

In order to ensure the fairness of market trans-
actions, we must, in accordance with the
demands of the Third Plenum, push forward with
the separation of pipeline network from natural
gas transmission services. The detailed methods
are outlined below.

First, we must push forward with the separa-
tion of pipeline network from natural gas trans-
mission services. Both international experience
and the practices established in China indicate
that unbundling of services, accounting and legal
affairs alone is not sufficient; the key is to achieve
the unbundling of functions and structure. If it is
successful, and is backed up with robust regula-
tion, the splitting of ownership rights is not
required. More specifically, in order to complete
these three tasks, we must first, as fast as possi-
ble, push forward the unbundling of services,

accounting and legal affairs; pipelines already
built can remain in the possession of the three
main oil and gas companies, but their company
branches must be turned into subsidiaries. As for
the newly built pipelines, here the three main
companies can take the lead, but a diversity of
investors must be brought in. The three major
companies must be encouraged to form consor-
tiums with up- and downstream enterprises,
especially those engaged in natural gas services,
for joint investment, construction and operations.
Even more important is to provide the gas
transportation companies with business scope,
cost regulations, operational methods and infor-
mation disclosure methods. The transportation
companies must have independent management
rights, and the information disclosure by the
parent company, the affiliated companies and
other companies must be synchronised.

Unbundling of the Natural Gas Pipe-
line Network and Natural Gas
Transmission
The unbundling of services in itself is not
very effective. In the United Kingdom, in
the early stages of this process, the domi-
nant position of the established brand,
British Gas, hindered competition. In
Japan, where the degree of unbundling of
accounting and functioning was not strong
enough at the early stages, the unbundling
of services did not have much value. The
European experience also shows that the
unbundling of legal affairs on its own does
not have much use either, and must be
supplemented by deeper structural
unbundling using measures such as func-
tional unbundling.

Functional unbundling is a crucial fac-
tor in the entire unbundling process.
Functional unbundling often involves a
series of restrictions and requirements
which affect the operations of midstream
services (regardless of whether or not they
are an independent legal entity). Unbund-
ling includes the following: establishment
of an independent trademark and brand;
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data processing restrictions; unbundling of
auxiliary services such as legal affairs,
accounting and IT; management unbund-
ling; and compliance and reporting plan-
ning (Table 1.3).

If the regulatory mechanism is suffi-
ciently robust, there is no need for owner-
ship rights to be unbundled. Only the UK
and The Netherlands have carried out
ownership rights unbundling. The French
and German policy makers advocate
structural unbundling without the unbund-
ling of ownership rights, and the latest
European Union natural gas directives

have stipulated robust regulatory measures
in order to boost structural unbundling.
According to this new reform plan, the
large-scale electricity and gas enterprises
must choose one of the following three
reform programmes:

• unbundling of ownership rights and
sale of the pipeline transportation net-
work, achieving a complete separation
of pipeline network and transmission;

• unbundling of operational rights while
preserving the pipeline network own-
ership rights, but with the establishment

Table 1.3 Five methods for the unbundling natural gas pipeline network and natural gas transmission

Method Changes Aim Comparison with prior to
unbundling

Services
unbundling

Midstream business (most
importantly pipeline services)
are separated from the gas
retail businesses, becoming
independent suppliers

If transmission businesses do
not independently supply
natural gas retailers, the
competition becomes
distorted as the supplier is not
able to sell the natural gas to
the pipeline users apart from
the pipeline company

N/A

Accounting
unbundling

Midstream businesses must
independently consider their
profits and costs, and be
separated from the up- and
downstream services

Prevention of midstream
cross-subsidies or creation of
favourable conditions for the
relevant up- or downstream
business

If midstream businesses
collect tariffs independently
without being a separate
service, it makes separate
bookkeeping impossible

Legal affairs
unbundling

Midstream business become a
separate legal entity, but
remain vertically integrated
into the company structure,
for example as a
wholly-owned subsidiary

A legal duty for the subsidiary
company to become credited
as a legal person.
Management unbundling can
be more effective if done as an
independent legal entity

A separate legal entity must
manage separate accounts and
supply independent services

Structural
unbundling

Effective and extensive
separation of the midstream
business operations policy
incentive mechanism from the
incentive mechanism of up-
and downstream enterprises

Separation of the midstream
business operations incentive
mechanism from the relevant
entities, creation of a more
effective market by
eliminating the motivation for
anti-competitive behaviour

Midstream business must be a
legal entity with clearly
defined actions and duties

Ownership
unbundling

All the midstream businesses
must be separated from the
vertically integrated company,
and transferred to entities with
independent ownership rights

Comprehensive unbundling of
ownership rights must achieve
the fullest possible separation
of midstream business from
the benefits of low and
upstream sector participants

The independently owned
companies must be
independent legal entities,
with separate accounts and
services
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of an independent company (indepen-
dent system operator) to run the pipe-
line network transmission operations;

• management rights unbundling while
retaining the possession and operation
of pipeline transmission, but the man-
agement of the pipeline transmission
must be handed over to an independent
subsidiary endowed with management
and decision-making rights (indepen-
dent transmission operator).
The reform programme also requires all

member states to set up an independent
regulatory mechanism in order to ensure
that the large enterprises carry out effective
“separation of production and supply” and
truly implement the principles of free
competition in the energy market. The
American experience also shows that a
competitive gas market can be sustained
without the compulsory unbundling of
ownership rights, provided that strict reg-
ulations are imposed on the operations of
transmission and supply companies. Under
normal circumstances a robust regulatory
system on its own is sufficient to achieve
effective structural unbundling.

Third-party access services must be provided
as soon as possible. Robust regulation must be
applied to the terms of access, service prices and
service quality, ensuring that the main operators
provide fair, impartial services, and creating the
conditions to cultivate a competitive market. In
order to establish detailed regulations regarding
third-party access, and thus ensure third-party
participation, we need to promote information
disclosure and strengthen the regulatory capacity.
An open and transparent oil and gas management
and operations information platform is required,
covering all the information relevant to industrial
operators, such as current excess production

capacity infrastructure and the conditions and
costs of third-party access.

Moreover, the unbundling of the pipeline
transmission business and sales business and
third-party access reform are complementary
when it comes to liberalising the free choices of
downstream users. The graded (according to the
volume of annual natural gas consumption) lib-
eralisation of large users’ direct choice of gas
suppliers must be pushed forward as soon as
possible. For this purpose, large users include
urban gas companies, electricity generating sta-
tions and CCHP stations with 20,000 kW
capacity, large enterprises (including raw mate-
rials and fuels) and LNG/CNG suppliers. The
storage and city distribution link of the natural
gas industrial chain must also gradually intro-
duce the third-party access mechanism for cus-
tomers at different consumption scales. Starting
with the largest annual non-residential users, an
annual schedule and the list of gas consumption
volume must be made, and the large
non-residential users can be presented with sup-
plier choices based on their own time schedule
and operations. The users may also choose to
avoid the urban gas distribution networks com-
pletely or chose solely the services of the city
distribution networks where the price is fixed by
the government.

1.6.4 Strengthen Energy Resource
Management, Establish
a Regulatory System
and Build Regulatory
Capacity

When promoting marked-oriented reform of the
natural gas market, we need to strengthen com-
prehensive energy resource management and
professional regulation. The component parts of
this are: building a comprehensive energy man-
agement regulatory system; formulating a natural
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resource strategy, regulations and policies; con-
trolling and regulating the overall balance of
energy resources; ensuring energy resource
security; adjusting the energy resource structure;
adopting energy-saving and efficient manage-
ment practices; strengthening information col-
lection and analysis; supporting technological
innovation and international co-operation in
energy; and ensuring co-ordination with the rel-
evant departments.

We must strengthen the energy resource reg-
ulatory mechanism and maintain order in the
energy market, promote market competition in
the industry, and solve market disputes. The
authority and the position of the regulators must
be independent, and the regulators must make
correct decisions while extending equal treatment
to all players in the markets. The specific steps
are as follows:

• In the near future, we must further improve
the regulatory and co-ordinating mechanism.
The relevant departments must exercise better
communication, co-ordination and
co-operation when formulating regulatory
laws, rules and standards, national energy
development planning and strategies and
energy industry policies. The departments
must also improve their information sharing
and co-ordination during regulatory opera-
tions. On the local level, purely
provincial-level energy regulation depart-
ments must be established which will directly
send out professional regulation teams to any
locations required. Moreover, the central
regulatory authorities must carry out robust
inspection and supervision of the local regu-
latory departments.

• In the medium and long term, we need to set
up a unified energy regulatory mechanism.
This mechanism, apart from monitoring the
environment and national resources, must be
gradually given an economic and social reg-
ulatory function across the entire energy

industry chain. It will explicitly co-ordinate
its work with the relevant departments, with a
detailed breakdown of its duties and respon-
sibilities, and gradually become an indepen-
dent regulatory body. The final outcome must
be an independent, unified and professional
energy regulation mechanism, and a
top-down regulatory organisation system.
According to the convention of Chinese
administrative reform, in 2018 the adminis-
trative system will enter into an adjustment
phase and at that point these plans to build a
unified integrated energy management
mechanism and an energy regulation mecha-
nism can be considered.

1.6.5 Support the Development
of Professional Services
and Technological
Companies; Use Market
Forces to Promote
the Expansion
of the Division of Labour

The experience of the American shale revolution
demonstrates that a development style that
involves diverse participants and the division of
labour can mobilise progress in many areas,
including venture capital, research and develop-
ment, upstream resource extraction, infrastruc-
ture, market development and terminal
applications. In a free competition environment,
highly specialised, technologically advanced
technical services companies can provide engi-
neering services such as horizontal drilling, well
completion, well cementing and multi-stage
fracturing, as well as technological services,
such as well logging and experimental testing, to
mining rights holders. Some companies can
simply withdraw after having completed their
services at a certain stage of the industrial chain,
and then be replaced by an enterprise from the
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next stage of the chain. High division of labour
has therefore turned the extraction of shale nat-
ural gas, at each stage, into a low-investment,
short-operating-cycle process with fast invest-
ment return. It has also attracted a great deal of
venture capital and private capital into the
extraction of shale natural gas. We must there-
fore exploit the role of market forces to the full
and strongly encourage the development of spe-
cialised technological services companies and
advanced technology companies in the oil and
gas industry. In accordance with the principle of
“demand for production, advances in technology,
excellence in reputation”, we should use methods
such as market forces and quality control to
regulate these service enterprises and their oper-
ations. We must organise specialised construc-
tion teams, and establish the system of rules for
each segment, including exploration, production,
cost, safety and environmental protection, with
the aim of achieving an orderly, standardised
operation of the production process, as well as
ensuring orderly exploration and production.

The policy measures needed to encourage the
development of specialised companies may
include tax breaks in the first instance. Another
method is to split off smaller auxiliary companies
from the large state-owned enterprises as part of
the reform of state-owned enterprises. These
venture exploration, oilfield and engineering
technology auxiliaries can, after becoming inde-
pendent, form specialised companies and inde-
pendently enter the market. There are several
advantages to this. First, the burden on the main
company will be lowered and operational effi-
ciency improved. Second, the development and
growth of the service companies will be
accelerated.

Despite the concerns expressed by some over
the survival of such auxiliary companies after
separation, experience has shown that many such
auxiliary companies have demonstrated excellent
growth as specialised operations. For example,

Bureau of Geophysical Prospecting Inc., China
National Petroleum Corporation, after leaving the
management of CNPCC and forming a spe-
cialised company, grew rapidly and became
strongly competitive internationally. It is now
ranked third globally in overall strength, and is in
a firm first place for ground operations. After
successful example is that of the subsidiaries of
China National Offshore Oil Corporation—China
National Oilfield Services and Offshore Oil
Engineering Company—which have shown
excellent progress.

A third possibility is to form a rational and
scientifically-based oil industrial chain—after the
split off the auxiliaries, the main company will
have a greater choice of specialist companies that
can provide services, and the auxiliaries will also
have more choices over their co-operation with
the main companies. In addition, expansion into
the international market can also follow. Even
more important is that specialised companies can
provide technology services to the new entrants
into the competitive market, which can break the
current technology monopoly.

1.7 Deepen the Laws
and Regulations System
of the Gas Sector, and Establish
a Sound Legal System

Although the formulation of the legal framework
for the gas sector in China is already in its initial
stages, the problems of lack of co-ordination and
systematisation and of inconsistency persist. For
example, China still lacks a specialised, com-
prehensive Oil and Gas Law to cover all the links
on the industrial chain. In the area of exploration
and production there is a legislation base from
the Mineral Resources Law and Solid Ore Min-
ing Law, and there is a common problem with
specification of mining resources, but it fails to
address the issues specific to the special
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properties of gas as a gaseous mining resource.
A great deal of the current legislation retains the
particularities of a command economy, with
restrictions on the acquisition and transfer of
mining rights. As a result, such legislation is
unsuitable for the requirements of market reform
and the special characteristics of natural gas. The
regulatory legislation and rules covering gas
transmission, storage and distribution at each
segment of the industrial chain from pipeline
network to end consumption, as well as those
covering environmental protection and other
aspects, remain unsound. The duties and the
obligations of the local government and the rel-
evant enterprises are not clearly defined. The
technology specifications and standards for a
modern natural gas industry require improvement
and standardisation, and the legal framework of
the natural gas sector must be overhauled as soon
as possible.

The key measure necessary is the establish-
ment of a sound Natural Gas Law, using a spe-
cialised gas law to support for the entire legal
framework. The laws and regulations must be
made more practical, adapting them to the special
characteristics of natural gas exploration, pro-
duction, transmission, storage and distribution,
and usage, and improving the drafting of the
specific rules and supporting regulations that are
needed. The natural gas-specific laws and regu-

lations must be formulated as quickly as possible.
When formulating and revising the Oil and Gas
Mining Rights Regulations, the Mid–and
Downstream Natural Gas Management Regula-
tions, the Natural Gas Extraction Environmental
Protection Regulations, the Sea Oil and Gas
Pipeline Management and Protection Regula-
tions, the Natural Gas Storage Regulations and
other such administrative regulations, the focus
must be on the legal system of the resources’
property rights, exploration and development
contracts, infrastructure construction, operational
management, storage, sales and usage, safety and
emergency warning and response system, pro-
duction safety and ecological benefit compensa-
tion, cross-border investment and imports,
exports and trade.

Conflicts between the Oil and Natural Gas
Pipeline Management and Protection Regulations
and other laws must be solved by resorting to the
judiciary. There is an urgent need to clarify many
areas: the co-ordination of pipeline development
planning and other specialised programmes, the
convergence of pipeline construction planning
and urban-rural planning, the legal definition of
the pipeline underground rights of passage, the
restrictions imposed by pipeline safety on land
use, and the conflict between pipeline safety and
the safety requirements of highways and
railways.
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