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Preface

The LNG Industry has long regarded the Asian markets of Japan, South Korea, Taiwan, China and
India as high growth importing markets, willing to sign long term contracts with price terms linked to
crude oil prices. The rebound in Asian LNG demand in 2010, following the post-financial crisis year of
2009, re-affirmed this paradigm with LNG markets further tightening following the Fukushima tragedy.
The signal for new LNG supply projects could not have been clearer in 2010 and 2011.

While the LNG supply projects triggered by such high demand growth and price signals were being
constructed however, Asian demand for LNG began to wane. This appeared to be partly a
consequence of mild winters but also LNG import prices and a general regional economic slowdown,
perhaps led by China, also contributed.

The somewhat simplistic assumption that Asian markets would always obligingly provide consistently

high LNG demand growth has become questionabl e.

these markets however is challenging for a number of reasons, including data transparency and
consistency, rational energy policies and in many cases the potential impending decline in domestic
gas production in some countries.

This paper seeks to provide a 0 ging emedinglaedvpeténtal
Asian LNG markets. The OIES Natural Gas Programme always seeks to anticipate new trends in the
gl obal gas O6systemd and this paper represents
markets of the future which may require a new response from the upstream industry.

James Henderson
Oxford April 2016
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Glossary

ACQ Annual Contract Quantity

bcf Billion cubic feet

bcf/d Billion cubic feet/day

bcm Billion cubic metre

bcma Billion cubic metres/annum (year)

bcm/year Billion cubic metres/year

bn Billion meaning 1000 million or 10 E9

$ Uss$

$/MMBtu Value of LNG expressed as US$ per million Btu

E&P Exploration and Production

EIA US Energy Information Administration

FID Final Investment Decision

Gas Storage The storage of natural gas in either underground structures such as depleted
oil or gas reservoirs, salt caverns or aquifers, or alternatively as LNG either in
storage tanks at regasification terminals or LNG Peak Shaving facilities.

GHG Greenhouse gas

GIIGNL Groupe International des Importateurs de Gaz Naturel Liquéfié (International
Group of Liquefied Natural Gas Importers)

Henry Hub The pricing point for natural gas futures contracts traded on NYMEX. It is a
point on the natural gas pipeline system in Erath, Louisiana where it
interconnects with nine interstate and four intrastate pipelines. Spot and
future prices set at Henry Hub are denominated in $/MMBtu and are generally
seen to be the primary price set for the North American natural gas market

HoA Heads of Agreement

Hub The location, physical or virtual, where a traded market for gas is established

IEA International Energy Agency

JCC Japan Customs-Cleared Crude Oil price i the average price of customs-
cleared crude oil imports into Japan i formerly the average of the top 20
crude oils by volume as reported in customs statistics; nicknamed the
06Japanese Crude Cocktail 6. It is the
mechanism in long-term LNG contracts in Japan, Korea, and Taiwan.

Kil 1,000 litres

kWh Kilowatt hour

Liquefaction Plant A large scale processing plant in which natural gas is cryogenically cooled to

minus 161° Celsius where it becomes a liquid at atmospheric pressure.
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mmcm
mcm
MMBtu
MOU
mt
mtoe
mtpa
MW
MWh
NGLs

Oil-Indexed Gas Prices

Regasification

Reserves

Short term LNG

Spot LNG
tcf
tcm

TOP

Upstream

Million cubic metres

Thousand cubic metres

Million British thermal units
Memorandum of Understanding
Million tonne

Million tonnes of oil equivalent
Million tonnes per annum
Megawatts

Megawatt hours

Natural gas liquids

Gas prices within long-term contracts, which are determined by formulae
containing rolling averages of crude oil or defined oil product prices

The process of reinstating LNG to a gaseous state for injection into a
distribution system for end-user consumption.

The amount of gas underground that can be commercially recovered

An LNG cargo (or series of cargoes) sold under contract(s) of less than four
years duration

Single cargo of LNG sold outside of a term contract
Trillion cubic feet
Trillion cubic metres

Take-or-pay (or Omini mum bil |l dduingadase ¢
contract year, the buyer is obliged to pay for regardless of whether it
physically takes the gas.

Facilities including drilling, well completion and gas gathering to supply the
feed gas the liquefaction plant
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Introduction

The research for this paper was undertaken to produce a substantive part of a chapter on Asian LNG

markets for the OIES-KAPSARC book OLNG Mairtkleeg sGriematTrRecsdnfiiogour at
published in September 2016. This paper includes country-level detail and analysis which could not

be included in the book chapter due to space constraints, however it is important to make such

analysis available to researchers and analysts following Asian LNG markets and to highlight data

sources from in-country government departments, often overlooked from a European or North

American perspective.

Although not the first markets to receive LNG, Japan, South Korea. Taiwan and more latterly China

and India have dominated the LNG import picture in recent times. It could be argued that the

spectacular (and largely unforeseen) rebound of Asian LNG demand in 2010 of some 18% (over

2009) in these markets, together with higher oil-indexed LNG contract prices and the tightening of the

LNG spot market after the Fukushima tragedy, were the market signals which spurred the wave of

FIDs for LNG supply projects which have or will come on-stream in the 2015 7 2020 period.

Expectations of demand growth trends extrapolated from the early 2010s, however, were largely

undermined prio r to the completion of these projects. I n
transition to the O6new normald and a wider sl owdown
LNG demand compared to prior expectations. With some 170 bcm/y of new LNG supply due to come

on-stream prior to 2020, the uncertainty over the future Asian LNG demand trajectory is a
fundament al component i mpaatichgdt sg sgkembal & INIGG pr odu
variable cost), but not required, by Asian markets will, at the margin, find a home in Europe which has

some 200 bcml/y of regas capacity, currently only utilised at 25%. The potential for, and
consequences of, competition with Russian pipeline gas in the European gas market have been

discussed extensively in Rogers (2015) and Henderson (2016).

Leaving aside the wider consequences of future LNG balances and trade-flows discussed in these
publications, this paper focusses on the Asian LNG importing markets. The key research questions
addressed for each importing country are:

Y How important is gas in the energy balance and how has this evolved by sector in the past
decade or so?

1 What is the outlook for future gas demand, given government energy policy, economic growth
outlook and other factors specific to the country in question?

Y Given the competing sources of gas supply and their specific demographics, what is the outlook
for LNG import requirements?

1 Taking the Asian LNG importers as a group, what are the key drivers of LNG demand growth and
what is the likely range (i.e. low and high outlooks)?

To address these questions the paper divides the Asi e
TJapan, South Korea and Taiwan (Chapter1l) ;i Chinag t hose
India, Singapore, Thailand, Indonesia, Malaysia, Pakistan, Bangladesh and Vietham (Chapter 2).

Each is assessed with the above research questions in mind. Where possible the author has used in-

country sources to build an understanding of each market. Chapter 3 provides the summary and

conclusions.

It is hoped that the paper provides insight and at least a framework for analysing and monitoring these
markets which, if not currently deemed to offer the high levels of future LNG demand anticipated from
the standpoint of the early 2010s, will nevertheless constitute a key element of the global LNG
balance for the foreseeable future. As such they will significantly impact the fundamentals and pricing
dynamics of the increasingly O6connectedd gl obal regic
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1. Mature Asian LNG Markets

1.1 Introduction

This section describes the markets generally
Japan, South Korea and Taiwan, addresses the factors which have influenced their LNG consumption
trends to date and derives views of possible future demand paths. These three markets commenced
LNG imports in 1969, 1986 and 1990 respectively. As a group they accounted for in excess of 60% of
global LNG imports from 1980 to 2006.

These countries have minimal domestic gas resources and depend on natural gas to differing
degrees in their power and non-power sectors. All three markets have enjoyed economic growth
based on export-oriented manufacturing and technology goods production, however with the
slowdown in Chinese economic growth and the limits to growth inherent in this economic model, there
are gquestions regarding their future economic performance. Japan in particular is struggling to
stimulate domestic demand in the face of high personal and corporate savings levels and ongoing
deflationary tendencies. Declining population trends are also a relatively new challenge for these
countries which threaten domestic consumption growth and workforce renewal.

The largest uncertainty impacting future gas (LNG) consumption trends, however, is the uncertainty in
future energy consumption growth and energy mix. With the challenge of GHG emission reduction,
especially post COP21, strategies incorporating energy efficiency and renewables have been
proposed with nuclear aspirations constrained either by public opinion or (in the case of Japan) re-
start logistics and approval processes. While an indicative share for gas in the energy mix is often
included in policy documents, competition with (cheaper) coal in the power sector is an open issue
which requires a more robust policy framework than generally exists at present. Typically the
continued presence of coal in the energy mix is offset by assumed future energy efficiency gains and
aggressive renewable capacity growth. The reality of such aspirations will presumably become clear
once National Determined Contributions agreed at COP21 are tracked by the Monitoring, Reporting
and Verification process, albeit from 2020 at the earliest’.

The following sections describe the individual markets with the objective of addressing the drivers of
future LNG demand. With this as the primary focus, it is inappropriate to dwell on the details of
individual LNG contracts and import infrastructure. For such information the reader is directed to
GIIGNL which provides an annual update on these and other aspects of the LNG market at a country
level.

11IGC (2015), pp. 4-5.
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1.2 Japan

1.2.1 Energy Mix

Japan is the worldoés third | argest eco%nthoughthiwist h

viewed as being in long term decline. Decades of low economic growth and heavy government

spending to support the economy have | eft Japan

of GDP. The Abe government in 2012 commenced a three-part plan of stimulus spending, monetary

easing and structural reforms. Inmid-2 015 comment at ors appeared cauti
growth of 3.9% (annualised) in 1Q 20152 her al ded a sustained recovery

growth. September 2015 GDP data however indicated a 1% annualised growth, consumer spending

and investment remaining sluggish and exports dampened by decelerating growth in China®. Japanos
GDP comprises Agriculture 1.1%, Industry 25.6% and Services 732%°. Ja pands manufactur.i

has a significant element of high energy intensive industries, such as metals, chemicals and
machinery manufacture.

Japanb6s primary energy mix is shown in Figure
mid-2000s with gas and coal gaining share from oil and nuclear. The post financial crisis year of 2009
reduced energy consumption from all sources, but 2010 showed a significant recovery. On March 11,
2011 the Great East Japan Earthquake and the resulting Tsunami resulted in a nuclear accident at

the Fukushima Daiichi Nuclear Power Station. This led to the policy-i nduced shutdown

nuclear generation pIantG. The loss of nuclear generation was partially compensated for by an
increase in gas, coal and oil-fired generation. 2014 total energy consumption was below the level of
20009.

Figurel:Japandés Ener ¢ 201Mi x 1995

600
m Geothermal, Biomass & Other
Renewables
500 = Wind
400 m Solar
o) W Hydro
S 300
=
Nuclear
200
m Coal
100
| Qil
0 M Gas

1995 2000 2005 2010
Source: BP (2015)

20 Japands popul ation sl i d" 20%5¢http:/Mmow.ftacondcens/st0rdbaace5e-208fATe5-aaBau | y 2
398b2169cf79.html?siteedition=uk#axzz3fr7DgV1U

S6Japan economy grows 3. 9 %" 2018, hitpi/wwsviit.comicrasts/O/@al a@4a0-TEl80;11e5-h850e 8
00144feabdcO.html#axzz3frCyYjrF

‘62016068 0mic outl ooko Thaeuary a0 n Ti mes, 11
http://www.japantimes.co.jp/opinion/2016/01/11/editorials/2016s-economic-outlook/#.VpYtThWLSCo

5 CIA (2015b)

5 For a comprehensive review of the impact of Fukushima see Miyamoto, A., Ishiguro, C. & Nakamura, M, (2012)



1.2.2 Gas Consumption, Energy Policy and Future Outlook

Japanese gas demand has a space heating seasonal peak in winter (peak month generally February)
and a less pronounced peak in summer, due to additional power generation usage for air
conditioning’. Japan manages seasonal demand fluctuations by varying the stock of LNG held in
storage tanks at regas terminals and by increasing the frequency of cargo deliveries during high
demand periods.

City gas consumption became increasingly dominated by the industrial sector through the 2000s with
the residential and commercial sectors having remained stagnant from 2000 (Figure 2). The average
annual growth rate in industrial sector gas consumption was 10 % from 2000 to 2007, slowing to 2.6
% from 2008 to 2013.

Figure 2: Japan City Gas Consumption i 20007 2013 (Fiscal Years)
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Note: The Japanese Fiscal year runs from April to March of the following year. Fiscal Year 2013 ends in March
2014.

” Miyamoto, A. (2008), Figure 4.1, P 127.



Figure 3: Japan Industry Sources of Energy FY 2000 - 2013
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In FY 2013 gas accounted for only 11.6% of industry sector energy, growing from a much lower base
in the early 2000s (Figure 3). Industrial energy consumption has reduced considerably since FY 2007.
In general gas has gained share from oil products but coal consumption has grown.

The scope for further future growth of gas in the industrial sector was addressed in a 2012 OIES
paper8 where the importance of access to gas (infrastructure) and price competitiveness relative to
other fuels were viewed as key determinants of future consumption growth. The authors concluded
that industrial demand would continue to grow at 2.85% pa to 2020, but that residential demand would
reduce by 0.57% pa and the commercial sector grow at 0.42%p.a.; with an aggregate city gas sector
growth of 1.6%pa.

Figure 4 demonstrates the scale of gas consumption in the power sector relative to that of city gas as
discussed above.

8 Miyamoto, A., Ishiguro, C. & Nakamura, M, (2012)



Figure 4: Japan Gas Consumption in Power and City Gas Sectors FY 2000 - 2013
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Gas consumption in the power sector remained reasonably constant in the period 2000 to 2006, grew
modestly to 2010 and then expanded dramatically by some 20 bcml/y after Fukushima. Figure 5

shows annual power generation from various fuels/technologies. The impact of the Fukushima
di saster and subsequent pr ogrfleisdlearlyshownosur e of

Figure 5: Japan Power Generation by Fuel/Technology (FY 2000 i 2013)
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Note: the disaggregated data for LNG, oil, coal and thermal is not available for FYs 2011 and 2012.
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Figure 6: Fuel Consumption for Electricity Generation (General Electric Utilities)
140

u NG
® Crude Oil

Mtoe

B Heavy Fuel Oil

u Coal

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Fiscal Year

Source: IEEJ (2015a), P. 210

Figure 6 shows the consumption of fuels in thermal generation. The graph also enables us to deduce
that the loss of nuclear generation post Fukushima was compensated for by broadly comparable
increases in crude and heavy fuel oil on the one hand and natural gas on the other.

In July 2011, immediately following the Fukushima disaster, the Energy & Environment Council
(Enecan) was establ i shed uttirmenargy strategy eenodhmending 4 phpsa-n 6 s

out of nuclear power by 2040. Operable reactors would be allowed to restart once they had gained

permission from the Nuclear Regulation Authority (NRA), but a 40 year operating limit would be

imposed. Enecan proposed a O6green energy policy frameworko fo
expanded use of renewables. This provoked a strong response from industry with a consensus that a

20 to 25% share of nuclear was necessary to avoid severe economic penalties. The succeeding

government (Liberal Democratic Party) abolished Enecan, placing the responsibility for energy policy

matters in the hands of METI.

I n June 2015 the governmentds draft plan for electri
nuclear at 20-22% by 2030, renewables at 22-24%, LNG at 27% and coal at 26% with an aim to

reduce CO:z emissions by 21.9% by 2030 from the 2013 level and to improve energy self-sufficiency

measures to 24.3% from 6.3% in 2012°. The plan aims to achieve ambitious energy efficiency

savings. By 2030 economic growth would normally be assumed to increase energy demand to 411.3

Kl (oil equivalent) from the 2013 figure of 361 Kl (oil equivalent). Efficiency measures are assumed to

reduce this to 326 Kl (oil equivalent) by 203010.

Achieving these goals will be challenging, however. Early difficulties with renewable expansion
surfaced in October 2014 when at least seven of the then major utilities limited the access of
renewable energy to their grids due to potential overloads!!. Solar capacity tripled in the fiscal year
ending in March 2014 due to the high feed in tariff introduced in 2012. Even so, renewables

6 Nucl ear Power in Japand, Jul htp/2@wviord-nilear.drglinfdQountryePefiles/Gosirdriess i at i on,
G-N/Japan/

19 1EEJ (2015b), Slide 8.

1 |EEJ (2015b), Slide 8.



(excluding hydro), only accounted for 2. 2% off
perhaps greater concern, the energy efficiency goals in the 2015 draft plan assume a similar path to
that which was achieved in the period 1970-199012. Achieving this will likely be difficult, Japan being
already regarded as the 61" most energy efficient nation in a global survey4.

The process for re-starting nuclear plant comprises a safety assessment by the NRA and the briefing
of local governments by the operators. The NRA process includes the review of detailed design, site
inspection and an assessment of operating management systems. Local government consent is
required before restart can occur . Kyushu EI
operations on Sept 10th 2015 and Sendai 2 on Nov 17th15. These are both 890 MW reactors. By end
November both plant had reached full capacity. Kansai Electric Power Co received local approval for
the restart of its Takahama 3 and 4 reactors but start-up was delayed until late January and late
February 2016 pending preparations for finalon-si t e checks by Jap an oétsorityN
The court decision to start up the plant was opposed by public opinion. The Ikata 3 reactor gained
approval for restart from the Ehime Prefecture on 29th October 2015. The 846 MW reactor was
expected to start in early 2016.

There are still uncertainties as to the pace and extent of the nuclear restart process. Of the 42
operable reactors, in October 2015 Reuters reported (based on NRA inspection data, court rulings
and interviews with local authorities, utilities and energy exports), that 7 reactors are likely to restart
over the next few years (down from 14 in a similar 2014 survey). The fate of the remaining potentially
operable reactors appears uncertaints.

Under a high case scenario developed by Itochu, about 10 reactors could be re-started every year
with a total of 35 units back online within five yearsl7. Delays observed to the process to date seem
likely to continue, however.

Japan
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ear

Assuming (for the purpose of this analysis) Japands

constraint ambitions are achieved, the outlook for LNG in the power sector depends primarily on the
achievement of energy efficiency goals and the pace of nuclear re-starts.

To explore the sensitivities, the following scenarios for nuclear re-starts were considered:

i FastRe-starti where Japan achieves 35.45 GW of operational capacity by 2020 which operates
at an assumed historic average of 70% send-out (with modest assumed additional efficiency
growth to 2030).

i Slow Re-starti where a similar level of nuclear capacity is achieved more gradually 7 i.e. by
2030.

1 Partial Restarti wher e only 50% of the previous scenar.i

The trends in nuclear generation for these scenarios are shown in Figure 7.

260utl ook cloudy for Japanos re20kyvhtapy/ivwey. fteomemsisid/dedd7i8c-d9b7;11ek T ,
b907-00144feab7de.html#axzz3g2zV8SI6

13 1EEJ (2015b), Slide 13

“6The I nteremagtyi €Eddli cEency Btp:Baceeecosgpattal/natiohadEoEHinternational-scorecard

15 Japan Nuclear Update, Nuclear Energy Institute, December 15" 2015. http://www.nei.org/News-Media/News/Japan-Nuclear-
Update

¥6Japan Nucl earBlPmavlerDOupilto® kFi r st React o http:Revs.teaterscom/articléRis-ut er s

japan-nuclear-restarts-analysis-idUSKCNOR022020150901
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6Nu ear Power in Japand, Jul y hthOviws.worliMwcldarcdbrg/iio/Cdurgs=r Associ ati on,

Profiles/Countries-G-N/Japan/


http://www.reuters.com/article/us-japan-nuclear-restarts-analysis-idUSKCN0R022Q20150901
http://www.reuters.com/article/us-japan-nuclear-restarts-analysis-idUSKCN0R022Q20150901

Figure 7: Japan Nuclear Re-Start Scenarios
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Six scenarios were constructed by combining the three nuclear restart cases with two power
generation energy efficiency cases (6No Efficiency s
21 % nucl ear oswart astumptianfg s t2 3Reé% Renewabl es, 26 % Coal ,
LNG 18) and a Target Efficiency Saving case with the three nuclear start-up assumptions.

The considerable variation in gas consumption in power generation for these cases is shown in Figure
8.

The future gas demand outlook for Japan in aggregate is shown in Figure 9. Note that the 2030 figure
of 62 mtpa (84 bcma) of LNG imports is consistent with the Japanese high energy efficiency scenario
described above is met only by two of the cases in Figure 9. Despite the potential for some demand
growth by 2020 (due to a slow or partial nuclear restart pace) the overall outlook is one of limited
scope for significant gas demand upside, at least based on the assumptions presented here. It should
also be noted that higher than average temperatures in the 4" quarter of 2015 suppressed space
heating demand which contributed to a decline in 2015 consumption compared to 20149,

18 gEEJ (2015b), Slide 9
¥9Japandés imports of |liquefied natural gas reached 85.05 million 1

beforeod, L NG Wo r | 82016 ehttps:/ww\d.laguwarldnews.canfapans-annual-Ing-imports-drop-for-first-time-in-
six-years/



https://www.lngworldnews.com/japans-annual-lng-imports-drop-for-first-time-in-six-years/
https://www.lngworldnews.com/japans-annual-lng-imports-drop-for-first-time-in-six-years/

Figure 8: Future Power Generation Gas Consumption for Six Cases
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