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Creating the Conditions for Growing Unconventional Gas — Midstream Infrastructure
Requirement

Liutong Zhang (Izhang@lantaugroup.com)
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China and US gas supply comparison

China gas supply, 1980-2011 US gas production, 1980-2011

* Shale gas production increased sharply
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Source: IEA, BP and TLG analysis Source: EIA

Chinese gas production is growing and its shale gas development is still at early stage
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US shale gas “revolution” story — long time to develop

The US shale gas revolution story — many steps taken long before recent scale up

Mid 1990s

First vertical

tesith\ée;Ir:éltltled Mitchell Energy Innovation Shale gas pr_odggtion stgrted
began to develop started to to increase significantly in the
First horizontal and combine scale up US; “drilling boom”
well drilled in fracking and phenomenon started in US
Barnett horizontal drilling

What makes the US Shale Gas Story a Success

Resources & infrastructures Laws and regulations: Stakeholders’ responses
» Good geology and clear resource * Relatively clear laws and » Many small independents eagerly
rights regulation for mineral resources invest and develop the shale gas
- Extensive existing pipeline extraction acreage (“Greed” factor)
networks and road infrastructure « Allow third party infrastructure » Little intervention from the
« Established onshore fields (such as pipeline) access Government so far
services (such as drilling rigs * No overlapping claims to * Public responses have been
fleets) resources mixed
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Chinese gas market is structurally different from the US market

Upstream

Midstream

Regulatory regimes
and key players

Confidential and Proprietary

Complex land ownership structure

Challenging geology with low
permeability (although it may be too early
to tell)

Onshore field service is still developing

Large gas transmission pipeline length:
45,000 km

Third party gas infrastructure access is
very limited

Very limited gas storage sites

State owned oil and gas companies
dominate the upstream and midstream
sector with foreign companies
participating in challenging basins

Regulated market but slowly moving
towards more liberalized market

Clear mineral rights

Good geology: permeable coals, thick
shale deposits

Established onshore field services (such
as drilling rigs)

Inter-state gas transmission pipeline
length: 360,000 km

Third party gas infrastructure access is
common, and many independent pipeline
companies exist in US

About 400 gas storage sites in US

A mix of IOCs and small independents
companies invest in the sector

Competitive gas market, and hub price
based with liquid gas future market

N
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China and US gas pipeline infrastructure comparison

China gas infrastructure, 2012 US gas pipeline infrastructure
45,000 km Inter-state pipeline length — 360,000 km
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US gas pipeline infrastructure is much more extensive

A
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Pipeline investment is required to transport large amount of unconventional gas to
the demand centres

China existing gas pipelines China gas pipelines by owners in 2012
~ 45,000 km ~ 45,000 km

CNOOC/
Others
11%

Central Asia. —__ ranin

Dushanz

Sinopec
12%

Beijingilinhuangdac

"'{“w" PetroChina
¥ e
Wﬁ«"é 750

How to create conducive conditions for
B cswm pipeline infrastructure expansion?
Shale gas . To_p-dpwn gpvernment directives?
» Price incentives?
B Tight gas » Others?

Source: PetroChina, news reports and TLG analysis

Significant pipeline infrastructure investments will be required to get the shale gas to the demand centers in

the coastal regions

S
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High regional gas price differential will incentivise gas transportation to the
coastal areas

2012 average industrial gas tariff, yuan per cubic meters

B cswm
||
Shale gas
. Tight gas
. .. -
Price range [ O ,/. N
i "
3.5-5.0 L] | 1.5-2.0 HE { \\
2535 B m \
20-2.5 i ] Demand centers with
' ' 1 .
| { - much higher regulated gas
1520 2-1‘11;3 S ,! prices than the inland
[] ] ! provinces
v 1
2.0-2.5 \ !
. \
Note: 1 yuan/cubic meters = US$4.5/MMBtu 3550 % J

The unconventional gas reserve basins are located in the inland provinces that have low gas tariffs and

limited consumption growth, so getting the unconventional gas production to the coastal areas in the
cheapest way will be critical to make its economics viable
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Gas consumption is likely to be driven by industrial and residential & commercial
sector, but consumption in the power sector will be a wildcard

China gas consumption by sector China has low share of gas consumption in
the power sector compared to other
14.0 countries
12.0 - If gas price is low enough to compete m Power = Non-power sector
with coal-fired plants in the coastal 100% -
10.0 - areas, gas consumption in the power
sector could be much higher in the 80% -
8.0 - medium and long term Others
S 60% -
% 6.0 Residentigl 8
8 commerc 40% -
4.0
Industry 20% -
2.0
0% -
0.0 Power China us Japan  Korea Malaysia Indonesia
@Q)Q \q& \qu ,\q,‘b@ @q% (&QQ (]9& qub« (190@ @ch (19,9

Source: IEA and National Bureau of Statistics of China

Gas use in the power sector is a wildcard

A
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China’s Generation Fuel Mix

Generation by Fuel Type (1999-2011)

5000 +

4500 - —
Gas only accounted for 1.3%

4000 1 of the total generation in 2011

3500 -
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|_
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1000 -
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mThermal = Hydro mNuclear = Wind

Source: TLG Analysis

Nearly all of China’s generation comes from coal-fired power stations and hydropower stations.

Wind power is the main form of renewable energy

C p—
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Planned Ultra High Voltage (UHV) core grid is behind schedule

leeng ‘
Inner Mongolia Zhangbe- |

Baotou (O) Wulanchabu North Beil

Mg eu 9
\\\ West BRijing
\‘@ Jinbei (0) South Tianjin

Shanbei (@)
4 jebei

©) — Jinan

.
(O) Wweifang

Only segment completed
to date — likely to complete ; Shandong
at best 55% of original planned NS0 Lianyungang

UHV capacity additions by 2015 “?Q angsu
& aizhou
Longer term plans unclear, due to i | \Lﬁ—:@ zhou
O hanghal

lack of approvals and emerging
technical, economic and political

challenges

‘ ‘
Wenzhou

Source: TLG Analysis

In its 12" FYP, State Grid had proposed to have virtually completed a backbone of “3 vertical, 3

horizontal and 1 loop” of UHV AC routes connecting the North, Central And East China Grids

/S
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Gas power plants in the coastal cities — one of the solutions for power shortage

in China

2011E Deficit
B 4GW or more
2GW to 4GW

0GW to 2GW

Xinjiang

Gansu

Qinghai

Tibet

Sichuan

Yunnan

Source: Reuters
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Inner Mongolia

Ningxia

Shaanxi

Chongging

Guizhou

Guangxi

Hainan

Shanxi

Beijing

Hebei

Jiangxi

Fujian

Guangdong

10

Liaoning

Shandong

Shanghal

Heilongjiang

Jilin

Combine cycle gas plants can be
built in the coast cities to mitigate
the power shortage situation in
summer and winter

But what is CCGTs

economics against coal plants
in the coastal areas?

Infrastructure builds: gas
pipelines vs coal railways vs
UHV power transmission lines

A
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Coal and gas plants economics comparison in the coastal areas

Breakeven gas price line competing with coal plants with different efficiencies

4.0
T
] J
£ 35
L
D -
K : hanahai 3 Area that gas will not be
Turkmen gas price to Shanghal =5 competitive with coal plants
c 3.0 1
-}
Z
(9]
)
2 Large coal
a 25 - plant
G — iciency
O range,
S matchingto
> B h p— Pp— gas price
. . X verage thermal efficiency of existing -
Gas price range for domestic .2 2.0 - coal-fired plant <200 MW in China ;aArflge of 2.25
Supp”es o (about 200 GW of installed capacity), yLJan/cubic
a gas price at 3 yuan/cubic meters meter (~US$
(~$13/MMBtu) will be competitive 10/MMBtu)
s 4

29% 30% 31% 32% 33% 34% 35% 36% 37% 38% 39% 40% 41% 42% 43% 44% 45% 46% 47% 48% 49% 50%

Thermal Efficiency of Coal Fired Plants as Generation

Assumptions: thermal coal price in the coastal area: 700 yuan/ton; efficiency of the CCGTs: 60%; capital cost of coal plant is 4,000 yuan/kW
and that of gas plant is 3,267 yuan/kW; utilization rate of coal plant is 63% and that of CCGTs is 51%.
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Difference sources of gas supplies

16 1 Comparative supply costs of gas into Shanghai
14 - T
12 - L
- Breakeven price for new
10 I— large CCGT to be

competitive with new large
coal plants

USD/MMBtu
o
I
|

6 ] ——
4 -
2 -
0 . P .
Domestic CBM  Shale Turkmen Other Oil-index Canadian US Gulf
conventional pipeline pipeline LNG LNG LNG

gas gas gas (slope:

New LNG and pipeline gas imports are not economical to be used in the power sector to compete with coal

in the coastal cities because of their expected high cost of supplies

/)
p -
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LNG Regasification Terminals in China

@ Existing

_ There are many more planned LNG
B Under construction y P

terminals. With the uncertainties of shale gas

Approved production in the future, how should the
J Tangshan LNG Chinese players increage their flex?bilities in
LNG procurement and investment in the LNG

terminals?

, Dalian LNG
,t

' Qingdao LNG
‘ Rudong LNG

1 Shanghai LNG Lessons from the US:
b Ningbo LNG « Many LNG terminals were proposed
i and built in the Gulf Coasts in mid
‘ ’ Fujian LNG 2000s
* After 2008, the LNG terminals’
utilization rates are virtually zero and
Guangdong Dapeng operators are considering to change
Guangxi ﬁg Zhuhai those import terminals to export
LNG LNG facilities
Hainan LNG
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Recent developments in long term LNG procurements and gas-related
overseas investment by Chinese NOCs

* CNOOC — NWS (signed in * PetroChina — Total Key overseas unconventional gas-
2002) _ « PetroChina — related investments

* CNOOC —Tangguh (signed ExxonMobil (Gorgon)
g‘NzggZC) LS T « Sinopec — ExxonMobil « CNPC and Shell’s acquisition of
(signed in 2006) (PNG LNG) Arrow Energy (CBM) in 2010

«  CNOOC acquired one third equity
share of Chesapeake’s Eagle Ford
shale gas project

» Sinopec’s 25% acquisition of the
APLNG project along with the

2010 2011

Pre 2008 2008 2009 signing of the long term LNG
contracts
\Y; (Queensland APLNG, with in five US shale fields
* CNOOC - Qatargas I Curtis), signed 25% equity , i :
« PetroChina — Shell in March 2010 acquisition « CNOOC'’s negotiation to acquire
Gorgon Nexen

In the past two years, China has only signed one new long term LNG contracts, possibly due to the high LNG price

and re-focus on the domestic shale gas plays and overseas equity investment of unconventional gas and oil assets

p -
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In conclusion, it will take some time before shale gas production to increase
substantially..... But it is time to consider the expansion of the infrastructures to
accommodate future growth

« Shale gas exploration and development is still at an early stage in China

« There is not enough existing pipeline infrastructure to ship the unconventional gas to the coastal
regions; incentives and responsive regulatory approval processes for pipeline construction might
be needed for these high capital investments

« Gas consumption in the power sector will be a wildcard for demand growth

— In coastal regions, gas price at 2.25-2.4 yuan/cubic meters is just competitive with large coal plants

— More CCGT plants in the coastal areas could mitigate future power shortage in the coastal area and
alleviate the requirement for infrastructure expansion in the power sector

« Domestic unconventional gas production will likely have cost advantage over more pipeline or
LNG imports

« Value of flexibility for future LNG contractual arrangement and infrastructure build-up will
increase with high uncertainty of future unconventional gas production

A
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Pipeline infrastructure is one of the key building blocks to stimulate gas supply
growth

China supply sources, 1990-2012

16.0 1 ®m Production ® NG imports 1 = Pipeline gas imports
14.0 - Annual growth rate: i Annual growth rate:
' 6.5% in1990-2002 i 16.3% in 2002-2012
12.0 - i Start coqstrqctiqn of the
: 2t WE pipeline in 2008;
Il Total large gas pipeline
10.0 - i length: 30,000 km
< !
‘S 8.0 Start construction of i
2 the 15t WE pipeline in :
6.0 - 2002, |
Total large gas l :
| pipeline length: '
4.0 15,000 km !
1
1
2.0 - :
1
1
1
0.0 - :

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
Source: China Yearly Databooks and IEA, 2011 is preliminary data and 2012 is estimated data

Historically, infrastructure is a necessary prerequisite of supply growth
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Background: China is in the process of reforming gas prices

Existing cost-plus gas price mechanism
Exploration wellhead
price (regulated)
Pipeline transmission
tariff (regulated)

NDRC set both
these prices,
and the
combination of
them called city

—

—
S —

gate price
Set by local Distribution cost plus
governments

margin (regulated)

4

End-user gas prices

Proposed netback pricing mechanism

Benchmark gas pricein

Shanghai (unregulated,
linked to LPG and fuel oil)

. 4

City gate price

Adjusted by transmission
cost

| ciygaeprics
S

Distribution cost plus

marqgin (reqgulated

I«

End-user gas prices

Wellhead prices varied by gas fields and sectors. The
industrial sector (excluding fertilizers) in the coastal cities
pays the highest prices

Trial run of new netback pricing mechanism started
in end 2011 in Guangdong and Guangxi, and it
could be extended to other provinces/cities,

Confidential and Proprietary
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including Shanghai, Jiangsu, Zhejiang and Anhui.
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Background: details of the new gas pricing mechanism

New pricing formula for city gate price in Guangdong and Guangxi

-
H Natural Gas

H Natural Gas "
PNarural Gss = Discount Factor’ x (W Fuel Oil X PFueI oil X +W Lpg X PLp(_; X a'u:a - ) x (1+VAT)

H ruel 0it” H rc

Notes:

The weight of Fuel Oil and LPG is set at 60% and 40% respectively

*Discount factor is now set at 90%

*Heating Value for Fuel Oil, LPG, Natural Gas are 10,000 kcal/kg, 12,000 kcal/kg and 8,000 kcal/m3 respectively

H= Heat value

W= Weight

P= Price based on import price of fuel oil and LPG in Shanghai market Source: NDRC

« Benchmarking to the Shanghai city gate price — (formula above)

« Add in the pipeline distribution tariffs (which will be fixed by the NDRC) based on location and the
economic situation of the province.

» There will be only one city gate price in one province and differentiation of prices from different
supply sources will be abolished

» The frequency of price adjustment will be annually and gradually increased to semi-annually and
quarterly

/)

Confidential and Proprietary 19 THE LANTAU GROUP



The many (>120 Mtpa) LNG export projects planned in the US and Canada
could further disrupt global LNG pricing, depending on timing and demand

1.4 Mtpa Alaska Kenai LNG

liguefaction plant (mothballed but = §c® b las Ch |E 5 hi

re-opened in June 2012) Ao ouglas Channel Energy Partnership
Alaska @%} proposed a 0.9 mtpa small BC LNG

Valdez LNG by Alaska Gasline @Qm export project, planned 2014, 20-year

Port Authority and others — 18 O export license approved by National
Mtpa J} Energy Board
Kitimat LNG by Apache :

(40%), Encana (30%) and
EOG Resources (30%)- 10
mtpa, planned 2015/2016,
20-year export license
approved by National
Energy Board and FEED
work started

Petronas and Progress
Energy are also
considering LNG

. - exports projects from
Shell, KOGAS, Mitsubishi, CNPC and British Columbia
Nexen are considering a ~13 mtpa
Prince Rupert LNG export projects in

the British Columbia area Cove Point by
Dominion Cove

Point — 7.8 Mtpa

Jordan Cove by Jordon E—
Cove Energy — 8.7 Mtpa

Gulf Coast LNG by Gulf Coast
LNG Exports— 23 Mtpa

Lake Charles by BG & Southern

L . . Union — 15 Mtpa
e Existing terminals with

proposed liquefaction

Freeport by Freeport LNG and

Cameron by Sempra —

. Macquarie Energy — 9 Mtpa;
C_;reenfle_ld proposed Expand by another 10 Mtpa by 12.4 Mtpa
liquefaction using FLNG Sabine Pass by _
Cheniere — 18 Mtpa Note: Cabic Energy (USA) LLC’s plan to

export 0.22 mtpa to FTA and 0.07 mt 0°)
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Comparisons of LNG import prices from Australia and the US/West Canada

West Coast of Canada
US$6/MMBLtu liguefaction gate
+ US$3.5/MMBtu liquefaction
= FOB US$9.5/MMBtu

Delivered LNG cost:
From Canada: ~US$12/MMBtu
From US Gulf: ~US$11/MMBtu

From Australia: ~US$15/MMBtu
US Gulf

US$5/MMBLtu liguefaction gate
+ US$1.3/MMBtu liquefaction
= FOB US$6.3/MMBtu

-~
S=o
o
-~
-~
~_——
-

1
1
+US$1.2/MMBtu \ +US$3/MMBtu shipping

shipping \

+US$11-13/MMBtu FOB o &}?

A
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Current High-Voltage Transmission System

Inner Mongolia
"ieijing
Hebei

Shanxi

Shandong

-5t

gsu
= .
dShanghai
d f\;\\f’t .~

500KV AC

750KV AC
1000KV AC

500KV DC

660KV DC
800KV DC

Source: TLG Analysis H‘

Despite its vast scale as measured in terms of kilometres of transmission circuits, China’s high-voltage

transmission system has relatively few interconnection points. As a result, it is relatively weak

/I
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