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Following the instruction frodM™ APEC Ener gy Mini stersd Me
held in Beijing, China in September 2014, APERC has started implementing the Oil and Gas
Security Initiatives in November 20AMdnong the overarching pillars of OGSI is the
conduct and publication of the Oil and Gasurity Studies (OGSST.he firstsix reports
of OGSS was publishedNlovember2015, which were circulated to the Energy Working
Group (EWG) members and uploaded irNREC andAPECR websiteQGSS continues
to undertake research activity and prodyeetseincluding this one.

The primary objective of the OGSS is to provide useful information to APEC
economies on significant developments and vital issues related to oil and gas security,
including individual ec on oamjygassecpritymeasuree.s t o
| am hopeful thathe APEC economies will learn something from these OGSS research
studies and will serve as an impetus for theret@maine their policies, plans and programs
to further strengthen their respective oil andyasly security measurBise information
from these studies may offer plausible approaches and options which the APEC economies
could consider as an individual member in addressing any magnitude of supply disruptions
or emergencies, as well as how ARE@aleepen cooperation for possible regide
energy security framework.

| would like to express my sincere gratitude to the authors and contributors for the
OGSS for spending time and efforts in doing relevant research stddvesver, | would
like to emphasize that the contents and views in these independent research projects only
reflect those of the authors and not necessarily of APERE.contents and information
from these studies might change in the future due to unforeseen external éuéets, an
changes or i mprovements in the individual €
and gas security.

Finally, rest assured that APERC will continumaslguctOGSS to serve its
purpose of aiding the governments and policymakers in APEC ssiaddfes oil and gas
security issues in the region.

Takato OJIMI
President
Asia Pacific Energy Research Centre
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Energy security has been one of the highest priorities for all governntieaté\sraPacific
EconomicCooperation APEC) region even though the concept is subject to various interpretations and
setting a&lear definition remains a challenge. In #3APEC Leaders endorsed the Energy Security Initiative
(ESI) in order to strengthen regional energy security, emphasizintgtongelicy responses that address
the broad challenges facing the regiowegg supply by focusing on actions that are practical in a policy

context and acceptable in a political context.

In order to gauge the supply security risk for oil and gas, the study established six indicators based
on PESTLE analysi political, econoroj social, tecltal, legal and environmentaltotal of 44! sub
indicators were assigned in these indicators and grouped into internal and external factors (please see Figure
12in Chapted).In addition to PESTLE, the study made further analysisjonimaort sources for crude
oil, petroleum products and natural gas (incliigiuefied natural gdsNG]) for APEC and in each economy.

The key findings of the indexation are divided into two energy redaileesl gas.

APECOs oV er albwtomodesatdwtrisksoh al anel das supply security.add gas
had dmostequakupply security risk in 20Hdwever, the oil security index exhibited improvementareh
with the 2000 level, a prcentage point risks reduction. On the ottied jgas supply security risk remained

at the same level.

Oil Supply Security Index

In 2013, the APEC region imported 1,287 Mtoe (9.5 billion barrels) of crude oil (including intra
APEC oil imports). According to thinited Nations Commodity Trade StatssDatabase (UN Comtrade)
nearly every year from 2L 3, half of the crude oil imports came from five main suppliers. Saudi Arabia
had been the largest supplier, accounting for arouditiorod total imports, followed by Canada and the
United ArabtEmirates (UAE) with an average share of 10% and 8.0%, respectively. Canada exported most of
its oil production to the United States. On the other hand, Russia saw a steady increase in its oil exports to
other APEC economies over the study period, and bexaof the top five exporters to the APEC region
in 2011.

1 The total sulindicators (44) include common-gudticators used for both oil and gas. If treated sepahaebdtal subndicators is

59.

2 For thisstudy, the index used ranges from 1.0% to 100.0% such that a lower index means less vulnerable to any oil/gas supply
disruption/crisis.  An index of 20% and below is considered having low exposure wissupfipn, 21940% is moderaiew

exposure, 419%0% midexposure, 61980% moderathigh exposure, and 81% and above is high exposure.
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Amongthe APEC memberslO economies showed improvement in their oil supply security index
(with a difference of more than 1.0 percentage point fror2RQG0Six economies remained at sir@lals
as in 2000 (with a difference of less than 1.0 percentage point). Meanwhile, four 8umsinaiess China;
Papua New Guinea; and Thail@rdémonstrated a deterioration in their respective oil security index (higher

index score) (please seaifd@.2 in Chapter 3).

Three indicators contributed £oP E Gd security indexmprovemen® technical/technology,
economic and environmental indicators. Among the major factors that triggered the improvement were: (1) the
reclassification of oil resesv@il sands) in Canada from probable to proven reserves (which subsequently
i mproved t he -PAOBUEDD[R/P] RBobye50%)d2 reduction of the overall APEC oil intensity
from 63.8 toe/million 2010 USD in 2000 to 42.4 toe/million 2010 U301y and, (3) higher readiness and

lower vulnerability towards climate change threats

However, the absence of an oil emergency supply agreement in eight APEC members prevented the
supply security index score from going down further, while the sczad@birstiowed a slight uptick resulting
from an increase in APECO6s oi l consumption per capi
2013.The other sulindicator that needs some attention is the piracy threat in the political indicator. Piracy
incidents in the APEC region recorded a sharp increase from 69 incidents in 2008 to 148 incidents in 2014.

The increase of piracy in the APEC region added another 6.0% of risk to the political indicator.

Gas Supply Security Index

APEC members generdfigve been dependent on two regions for LNG supply, which are the
Middle East and North Africa (MENA) and Southeast Asia, with each region supplying 40% and 28% of LNG
demand, respectively. If Australia is added to the equation, the share of thesedregmrm@es as import
sources reaches more than 80%. One of the advantages of LNG producers from the APEC region is the

absence of chokepoints (even Russia plans to export LNG to East Asia through the Artic Sea route).

Five economies have constantly apless top natural gas import soupgeline and LNG) for
the APEC region, namely: Canada; Indonesia; Malaysia; the United States; and Qatar. In 2000, these major
exporters supplied around 80% of t he ute®qin20136s gas d
The reduction in the share reflected a better diversity of import sources from 0.25 in 2080rfm 0209
Hirschman IndexHHI)3 in 2013.

APEC registered a bettpgissecurity index than oil, with a relatively stable index at &&nd
The index recorded the lowest risk in 2009, partly because of weaker gas demand due to the global economic

crisis that occurred in 26@809.0f the six indicators, only two of thénsocial and technical/technology

3 The sudy measures import diversity by applying the HerfiHdabhman Index (HHI) to assess whether a gicenomy is
particularly dependent on one particular fuel (details on HHI is discussed inMati@dblogy).
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indicators, displayed an upwardisgcindex(increasing risk) The rest of the indicators either improved or

remained unchanged.

The study found that Htonomies showedwarseningyas supply security indesth a difference
of more than 1.0 percentage point from ZIB, while thethers improve(please see Figure 3.8 in Chapter
3).Mostly, the increase in security index occurred in economies that recorded high growth in gas demand, and
from the economies that started to import gas. Although some economies are net gas micidasers, s
Malaysia, supply security risk still emisfgoduction areas are located far from dencenttes which

subsequently forces these economies to import gas.

A significant reductionnothe risk wasrealisedrom a higher preparedness level as more APEC
members have already established podicEsas allowing gas to be imported in LNG form or hgeisig
storagen placeand built new infrastructure (most new infrastructure was built ttociderand antelp
improve supply securityinport source diversity also contributed to the overall improvemeisk In
2000, APEC economies imported gas from 17 economies (including fromcaR&@iesand by 2013, the

number of imporsources more than doublted32economies.

There are only sevéssociation of Southeast Asian NatiBR&EC (ASEAN-APEC) members
that have a regional agreement on gas supply for emergencies, which is coviedSBEABF Petroleum
Secuty Agreement (APSA)As a number oéconomies have no agreements on gas supply security, the risk
for this subkindicator is higher compared with oil. Theoretically, if all APEC members were covered by such
agreemeastit would lower the political indicator index score by 15 percentageQbmiképoint risk for gas
is lower than oil as 47% of gas was imported through pipelines, and at the same time, most LNG imports in

APEC came from East Asia, which contributed to lowering chokepoint risk.
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The AsiaPacificEconomicCooperation (APEQ)egion is home to around 2.8 billion people. In
201, it represented aroufd% ofthe globalgross domestic produ@DP) and 47% of global trade. Since
1989, the year #fPECinception, the GDP doubled from USD 16 trillion 80J31 trillion in 2013. Over
the same period, economic development boosteadpita income by 45%, lifting millions out of poverty and

creating a growing middle class (APEC, 2015).

Energy security has been one of the highest priorities for all goveinnAdEC, even though
the concept is subject to various interpretations and setting a clear definition remains a challenge. Long
energy security typically addresses the need for timely investments to ensure energy supply in line with
economic developent goals and sustainable environmental commitmentgeBhatergy security focuses

on the ability of the energy system to react promptly to sudden changes in tdersapplyalance.

APEC has not set a specific definition of energy securityedmgiizes that energy supply
disruptions can have negative impacts on economic and social development. In 2001, APEC Leaders endorsed
the Energy Security Initiative (ESI) in order to strengthen regional energy security, emphasigmng longer
policyresppses t hat address the broad challenges facing t
are practical in a policy context and acceptable itiGapotintext (EWG APEC, 2000ver the years, the
ESI evolved and expanded; by 2008, there M8eoggoing initiatives under the Energy Working Group
(EWG), including the Joint Organisations Data Initiative (JODI), the Real Time Emergency Information
Sharing Initiative (RTEIS) and a program for Energy Emergency Responses. In 2014, the Ereiay Minist
Meeting (EMM) officially recognized four elements that are vital for energy security and sustainable
development in this region: diversified energy supply and stable demand, safe energy transportation routes,

innovation in energy technologies anecéffe fora to discuss energy policy. (APEC, 2014)

Improving access to data through JODI has been one of the key achievements under the ESI.
Recognizing that the lack of transparent and reliable oil market data aggravates price volatility, the EMM took
stes to address this issue. Physical integration or connectivity of energy flow as a mechanism for energy security
in APEC has also been at the top of the agenda for the EMM. Several exisggmralbpower
interconnections in APEC, such as the ASEANeP@G#xid (APG) and North America interconnections, will

help economies to have more options for obtaining energy supply.

Recent events in oil and other markets have brought the issue of energy security to the forefront.
High and volatile prices raise cons@bout shottierm risks to economic growth and about Ietegen ability
to acquire sufficient energy to suppbet development goals. While achieving energy seailtitpean

different things to differemtconomiesthere is a strong common intefestnsuring the world can produce
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enough energy at reasonable costs to support sustainable use, thereby ensuring a high quality of life for the

people.

TheAsiaPacificEconomicResearciCentre (APERChas released the APEC Energy Demand and
Supply Outlooléth Edition which comprises energy forecast up to 2040. Under the same Outlook, APERC
established an energy security indsfamtoeach economy consisting of two main energy security indices. The
first represents fuel diversity in total primary energy supply (TPES) and in fuel input for electricity. The second
assesses the | evel of asulfficiencydhe mgrtyéhmd teisccembigagionsthatd uct i or
some economies have a high concentration for one particular fuel (for primary supply and/or@Ilectricity)
low diversityd but a high level of sdfifficiency for that said fuel. In such a situation, bBlgbusficiency
reduces the risk of low diversity. By contrast, some economies have a very diverse fuel supply that is mostly

imported, reflecting a lack of indigenous resources.

APERC measures fuel diversity by applying the HHI to assess whether aogwery &
particularly dependent on one fuel (details on HHI methodology can be found in AimeedHL is widely
used in the industry as a means of tracking monopolies. In Global Tracking Framework 2013, which was
prepared for the thitedNationSustaiable Energy for AIUN SE4ALL) program, the World BaiwB)uses
the HHI to assess levels of primary fuel diversity around the world, including in APEC economies (WB, 2013).

The HHI couldalso be applie determining changes for the Outlook period.

APERC also assesses the energy security of APEC members based on projections of primary energy
production over primary energy demand. This reveals the levesuffisehcy of an economy and overall

futureimport level needed to sustain adequate suppletiodemand.

In the APEC & Energy Outlook, APERC did not pursue adepth assessment of energy supply
security that should covessessmenn risk exposure linked titherfactors, such as geopolitical issues and
trading route chokepoints, efterefore, this study will dive deeper into other indicators in optewitbe

a more comprehensive study of risk to energy supply
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The attempt tadefineenergy security has prompted endless discussions among policymakers,
academicand industry players, and led to different asaions proposing rmnge of definitions (Table 1).
Mostorgangations define energy security as encompassing four commaiotisn@wailability, affordability,
accessibility and acceptabiliyvailability is closely related to the diversification of supply, while affordability

is closely related to the type of fuel chosen and price volatility. In terms of access#bilitgfundreeadiness

4 Other indicators can also be explored, such as the effect of global oil prices on supply security, the relatiodustjpovMergnesg
security, and other soedalergy security relationships.
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plays an important role. Acceptability is linked to issues such as environmental friendliness and social objectives.

Table 1: Definitions of energy security

Organization Definition

) Uninterrupted physicahvailability of energy at a price tha
International Energy Agency ) ) ]
affordable, while respecting environmental concerns.

) » Adequate energy supplies at reasonable and stable prices t
Asia Pacific Energy Research ] o
c economic performance and growth. APERC assess emeriy 8¢

entre
terms of availability, accessibility, acceptability and affordability

Sustainable production and use of energy at reasonable costs
World Bank o )
to facilitate economic growt

United Nations Development | Continuous availability of energy in varied forms, in suff

Program (UNDP) guantities and at reasonable prices.

Energy security means to secure adequate energy at reasona
Institute of Energy
; necessary forthepe | eds | i ves, and ec
Economics, Japan
of theeconomy
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I n 2007, APERC published O0ACeQuteusrty , féo rwhB ncehr of yo cuesc
energy sectyidimensions stated above and included indicators created to assess the situationkdrthat time.
the APEC & Outlook, APERC analgd three interrelated factors: primary energy fuel diversification, fuel
input diversification for the electricigctor, and total primary energy supplysstlEiencyAPERC & s
intention in creating the indicators was to support the assessment of the level of energy security, not to judge
the level of energy security for any particular economy or compare wigetit®nomy is less secured than

the other. APERC recoges that energy security issues are unique for each economy IFigure 1.

The energy supply chain is highly complex and its future is uncertain due to unexpected changes
and contrasting values. The ptexity of the system may be defined by, for example, changing political
environment, technologies, finance and demographics. As challenging as it may be, establishing an energy
security indexation can help policymakers, industry players and ever tiocbetteli understand the energy
suppy situation.Decisions must be made with existing information. Therefore, techniques like scenario

analyses are useful for gathering this type of disparate information.
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Figure 1.1: Energy Supply Chain and Risks
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Before an energy security index can be establishedcédsaripr us to understand factors that

can influence energy security. In terms of time span, it can be divided intmigldtetor longterm. Since

the energy supply system is complex, many uncertainties and factors may affect supply security, for example,

risks of politicainstability, technical/technology limitations and economics.

There are a few studies available on energy security indexation. Among notable studies available are

t h &lobal Energy Architecture Performance lageblished by the WorldcBnomic Forum (WEF, 2016).

The report

sustainability, and energy security and accesssfitiée of Energy Economics, Jag&t() has published

a few studies n
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ekement will be called indicator) (CIPD, 2015). The reason PESTLE analysis was chosen is because this

methodology can give a helicopter view on the risk of energy supply as it covers most of the major concerns

lingering around energy secuflibiere are a ¥e papers that have been published based on PESTLE analysis

to assess the energy security supply, which one of the notable papers was published by the UK Energy Research

Centre titled
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However, the challenge of using PESTLE analysis is to identify and defideataos that can

be assigned to each indicator. APERC is aware that to get all indicators and apply them to energy security risk

may take a longer time. hikse, the expertise in assessing some of these indicators does not directly rest with

APERC, and that some indicators could be caoadidensitive for governmenfherefore, this study made

use of welkstablished and publicly available global indiedkdi Worldide Governance Indator(WGI)

and

OEase

Institute,among others.
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In formulating the index, APERC tried to gathenashdata related to energy security as possible

and used them to form the indices for the PESTLE indicators amilisalbors. As mentioned above, some

of the data were from external sources, and therefore, some modifications were madi tinriorithem
into indices. Based on PESTLE analysis, APERC identified a combinddisalefdicatorsfor both oil

and gas (some of the dadicators are applied to both oil and gas). In order to evaluate the risk further,

APERC divided the indicators into two gmupe internal and external factors (Figure 1.2). However, it must

be stressed that these indicators are-axi@ustive list and the selection of these indicators is subject to data

availability.

Figure 1.2: Sub-indicators used in energy security index
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Subindicators were assigned to PESTLE indicators and grouped into internal and external factors.
This section will briefly explain the internal and external factors. A t&alndf 2 internal subndicators
for oil and gas were assessed, respectively. APERC did not assign any weight to this grouping, thus, both factors

will have an equal risk. A detailed explanation on imdiebgotion is discussed in Anné¥éthodology

Figure 1.3: Sub-indicators used in external group
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I nternal indicators are assumed to be issues th
stability (political stability), ender energy pricing and emergency preparedness. These indicators can be used

as guidance for policymakers and indulstye s in improving energy security in each economy.

In order to form the external indicators, APERC utilised the UN Comtrade for crude oil and oil
product trade data, and the Cedigaz database for natural gas trade data. The UN Comtrade, a repository of
official trade statistics, has a series of Harmonised Commodity Description and Coding Systems (known as HS
Code) that categorize the type of goods (UN Comtrade? Zob®). these databases, APERC managed to

list all import sources and applied the extemiahtors risks to each import source.

APERC carried out risk analysis on each economy that exports crude oil, oil products and natural
gas based on external-guticators (Figure 1.3). For example, from 2000 to 2013, UN Comtrade listed 79
crude oil irport sources (economies) for Chinarder to have a better picture of the external risk, APERC

conducted risk analysis for each of 79 sources based on shares to total imports.

5 UN Comtrade does not have specific records on Chinese Taipei trade data for political reasons. Chinese Taipéassifileddaga is ¢
"Ot her Asia, 6 not s p e c TherefadthesStudyetiisedcrugedil ifipdrdatsftom thesMinis@yflEzgnomic
Affairs, Bureau of Energy (BOE, 2016).
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APERC recognizes that each eray has its own set of challenges in ensuring supply security. Due
to differences in needs and characteristics, APERC would like to list a few suggestions for economies that wish
to adopt this indexation. Based on APERC observation, energy securiiprindesds to be flexible but
should not stray from the objective to gauge the strength (or weakness) in assessing supplyfsecurityo d ay 8 s
world needs to agato afastchanging environment and technoladyancesAPERC tried to establish an
indexatio that is flexible enough for policymakers, industry players and the public to better understand the

underlying energy supply security risk in their respsmiivemies.

This study applied several-futicators grouped into internal and external factors to establish and
evaluate the oil and gas supply security index for all APEC economies. However, in reality, some economies
do not need all the suidicators to be partf dhe indexation and some economies may need other sub
indicators to be included in the indexation. By using the same methodology, economies can add other sub

indicators or remove and replace them basttwreconomy context

Using this index hopefulhll help governments to prioritize issues that need immediate attention
and at the same time monitor other indicators. For instance, some economies may think that natural disaster
does not pose a significant threat to the energy supply, therefordrogpds from the security index. On
the other hand, some economies with enough supply reliability/supply interruption data should add this as

subindicator in the security index.

As discussed earlier, APERC did not put weights on any indicatamdjcatdrs or groupings
(internal and external factors). However, some economies may consider adding weights to the indicators, sub
indicators and groupings. For example, some economies may see that external issues are something that the
government needs tocies on since most of the energy soumoesnported. Therefore, by giving higher
weight to the external factors may amplify and change the supply security index results. However, the

application of weights must not skew the numbers or scores towaisticmesallts.

Although the index was created mainly for energy security and importers, energy exporgers can utili
this index to improve their domestic conditions, which in turn could help lower the supply risk for importers

and also be a selling pdimt exporters.
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APERC conducted an analysis focusing on the top five exporters to APEC for each fuel, as well as
the share of intrAPEC energy imports (APEC economies importing from others APEC econoffties).
studyalso did the same analysis for each APEC ecambitly is discussed in Chapter 4 (APEC Economy
Chapter). The analysis Wilpenergy importers understand the stesrh and longerm risk associated with
major crude oil import sources, anthatsame time, help exporters to understand barriers that may hamper

them from being more competitive.

APECOs net oi | declimgronr 8l5sMtae ;1 2000 tov 10D Mt@e in 2013. Most of
the reduction occurred in thaitéd Satesas oil produabin in this economy increadsetause odvailability
of unconventional oiHowever net gas importell from 120 Mtoe in 2000 to 25 Mtoe in 2@E3a result of

growng gas demand in APEC (Figure 2.1).

Figure 2.1: Production, Net Imports and Demand , 2000-2013
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In 2013, APEC imported 1,287 Mtoe of crudeupifrom 1,184 Mtoe in 2000 (including intra
APEC oil imports and exportgqual to anaverage annual growth rate of 0.6% (IEA, 2015 and EGEDA,
2015). Data gathered from UN Comtrade showed that fror22000 3 , about hal f of APE
imports came from the five main exporters. Saudi Arabia has consistently supplied difibraf ool
imports, while Canada and the United Arab Emicatesibutedcaverageharesf 10% and 8%, respectively.

Canada expartl most of its oil production to the United States. Russia had been steadily increasing its oil
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exporsto APEC members ovére 20002013 period and became one of the top five exporters to the APEC
region in 2011 (Figure 2.2). Venezuela was also a major exporter of crude oil to the regithre |Brgspite
share of oil imports frorfS8audi ArabjaA P E C @ide oikimpor arerelatively welliversifiedvith HHI of
0.070.08 HHI(lower HHI represenbetter diversity).

In terms of intreAPEC energy imports, the share stays almost the same throughout the historical
period,ranging betwee2d%to 27%. Most ofthe intraAPEC trade occurred between thétéd Satesand
Canadavexico, which accounted for nearly-thieds ofallintraAPEC crude oil imports. En¢hough there
are APEC economiesnsidered to be large crudgoiducergby global standargs lot more needs to be

done toimproveenergy trade between APEC members.

Figure 2.2: Crude Oil Import Sources, 2000 -2013
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The study established the external factor risks from crude oil exporters thasksoysub
indicators) on chokpgirpcyiisE e spoexpodd eo iddkse xepkoprotietrsdtsy yvoeirl
productionlevél,e x por t er 8s or ul e of | areadinessamrdvulnerabdity ih facingn WGI )
climate changenpact® and natural disaster risk. Based on this methodology, APEC crude oil import risk

(from the top five sources) remained stable for most years (historical period), averaging about 12%. However,

a deeper analysis showed that the index scores fauthiredicatordc hok epoi nt s, exporterds
oil exports over GDP, increased by 1.0%, 10% and 4. |
and vulnerability to climate chaprmgleabrsdegireddt s, and e x|

6 The study adopted the Worldwide Governance Indicators (W@lijical Stability and Absence of Violence/Terrorisrinsigx

(publshed by the World Bank) in order to estaliisk x p o r t e rsidbédicatdr and ¢hbkepbigt risk The Study also made of

the WGI oOr wil ed @xX tlowds tsautbl i s h tiddieatoe(WB, 8016).er 6s or ul e of |l awdé sub

7 The index was derivedsied on Piracy and Armed Robbery against Ships Report 2015 published by the International Chamber of
Commerce International Maritime Bureau (0B, 2015).

8The index was derived from | MF6s World Economy Outlook 2013 dat
9 Theindex was derived from EIA data on global oil production (EIA, 2016a).

10 Theindexwas derived from Global Adaptation Index data focusing on the level of readiness and vulnerability of all economies in the
worldtowardclimate change impact (NBAIN, 2016.

1The exporterds risk analysi s c @stabilitg oil expatfover@DR, rale of law sk, eimdte, chokeprc
change risk and natural disaster risk.
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Oil product import sources for the APEC region are more divetisdigcude oil with 0.08.06
HHI. About 40%45% of oil product imports came from the top five exporters (Figure 2.3). Singapore and
Korea continausly provided an aggregaterageshare of around 20%§ total oil product imports in the
regionover the historical perioéihe United States was also one of the top five oil product exporters for most
of the years with its share almost doubling in @@PA) compared with 2009 (6.0%). In addition to these
three economies, the other top oil product exporters to ABE€Halmost every year. This sedww

competitive the industry is compared with crude oil trade.

Figure 2.3: Oil Product Import Sources a nd Diversity Index, 2000 -2013
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Most APEC members have built refineries for their own consumption and exports (Hgng Kong
Chinais the only economy without a refinery). Therefore, it is expected thAPE@amports for oil
products to be higher than crude. HRREC trade reached its highest point in 2013 with a 60% share to total
oil product imports, anincrease of 80petcage points from the 2000 | evel
risks, oil products hadower index than crude:diD% in 200@own to 9.0% in 2013, mainly driven by lower

chokepoint risk, betterx p o r t e ra@da higheradbgirekbdafile gf land for exporters.
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The studytilised the Cedigaz database to determine the major source of gas imports, which covered
imports of natural gas through pipelines and LNG imports. Five ecodprogsonstantly appeared as top
importsources for the APEC regiéi©anadandonesiaMalaysighe United Stateand Qatar (Figure 2.4).

In 2000, these major import sources supplied around 80% of gas demarui)adlyt gwandled to 60% in

2013, which also resulted in a decrease intthd\REC trade (57% in 2013 from 82% in 2080¢h

reduction in share of the major import sources reflected a better diversity of import sources, from 0.25 in 2000
to 0.09 HHI in 2013.
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Shares of LN@xports from Indonesia and Malapsize beedeclinngover the yeadue tothe
increasing. NG productionfrom Qatar and Australend the entry ohew LNG producersuch as Papua
New Guineginthe market Bot h economies provided an aggregate st
demand in 200@roppirg to 16% in 2013 witthcreasinghare of Qatar gakhe ntribution from Qatar
expanded to 14% of total gas imports in 2013 from only 6.0% in 2000. Following the shale gas revolution, the
United States expanded its gas export share in APEC as ortepfj#iseexporters and managed to increase

gas exports to Canatiéexicq and evento Asia.

Figure 2.4: Natural Gas Import Sources and Diversity Index, 2000 -2013
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Although Turkmenistan also appeared to be one of the top gas exporters to the APEC region, most
of the gas was recorded as exports to Russia, which served as a transit point before dbbvgesdwas
Europe. With the completion of the Central Aigma Gas Pipeline that connects Turkmenistan, Uzbekistan

and Kazakhstan gas fields to China, Turkmenistan became a major gas exporter to the region (CNPC, 2016).

The risks associated with the major gas exporters (top five exporters) showed a damleasing tre
from 21% in 2000 to 17% in 2013 with increasing sharesii$ékaxporters to total APEC gas imports, such
as the United Staté&set t er exporterds stability and higher prod
The expor t eindicator enpravediby 6.0tpgrcestagd points (from 56% in 2000 to 50% in 2013),
while the expor t-éndidaterdrgpped to 65.0% it 2013 fram21% im [2000) due to

increasing gas production output from expo¥iers.

12 The gas import source risk analysis consists of piracy thregioitialsk, exporter stability, LNG terminal utilisation, gas production,
orule of law dimate change and natural disaster risk
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This chapter discusses the results of the indexation based on PESTLB aémalgsisSecurity
Index and the Gas Security Indexe indexation is intended to examine supply security risk that could affect
and disrupt oil and gaspply in APEC and its member econoriiies.study used a scale of 0% to 100% for
each indicatomyhere 0% means no riskwhile 100% has the highest riskzor the diversity index using

HHI, the scale used®0 to 1.0 where lower HHI means highly diverséd.

S
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Several suimdicators were includé@dPESTLE analysis to assess the supply securitgitisds,
derived fronwellestablishemhdices or data that greblicly availableIn order to establish the security index
for the total APEC region, the study summed up the
demand, reserves, technicagpacities, and import sourdegewise, a few indices for total APEC were
generatetby taking the average index of all member economies, such as the international emergency supply
agreements on oil and gas, and the readiness and vulnerabilitycliovededchangé smple average was
used to come up with the overall index score (without assigning any weights to indiéaticat@shand

groupings into internal and external factors).

Figure 3.1: APEC Oil Security Index 2000 z 2013
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13 Cedigaz (for gas security indexation) is the only data that was used from subscription service
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APEC is a huge region with relatiable political environmeitus, the results showed that
most of the indicators obtained steady index over the historical perie20@)0@h the exception of
technical and social indicators. On average, APEC oil supply security risk improved from 30% 7#2000 to 2
in 2013 (Figure 3.1).

Three indicators contributed to the improvengnéechnical/technology indicator, economic
indicator aneénvironmental indicator. The reclassification of oil reserves (oil sands) in Canada from probable
to proven reserves (which subsequently imghravi@ E Gréserveproduction R/P] ratio by 50%), the
declining overall APEC oil intensity from 63.8 toe/mili@h0 USD in 2000 to 42.4 toe/million 2010 USD
in 2013, and the higher readiness and lower vulnerabilitystivaatt change threaterethedriving factors
for the improvement in the overall oil security index for the APEC rédioa.or et i cal ly, even
oil reservereclassification was removed from the indicators, oil security index still showed an improvement of

2 percentage points.

However, the social indicator slkeo\a slight increase from 28% in 2000 to 30% i8 l&®dause

ofa r i s e oiltonsAApEAD @es capittom 0.78 toe/person in 2000 to 0.80 toe/person in 2013.

Other indicatorssuch as political and law indicatars relatively unchanged.

From 2000 to 2013, thexerel0 economies that displayetgprovemertin their oil supply security

index (with a difference of more than 1.0 percentage point), followedebtPEC members that had

relatively the same condition as in 2000 (with a difference of less than 1.0 percentage point). Four economies

0 AustraliaChing Papua New Guingand Thailandd exhibited a deterioration in their oil security index
(higher indexjFigure 3.2).

Figure 3.2: Oil Supply Security Index Changes, 2000 to 2013
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In the political indicator, APE€arnedrelatively stable results. Under this indicator, six sub

indicators were considered and divided itynal and external factdthree subndicators each). The
average index of political indicator remained steady at around 30% (for-204. 2@@0iod). Although the
international agreement on oil emergencynsiitators showed a reduction (due ®oititlusion of Korea
under the mternationaEnergyAgencyinternational Energy Program [IEEP] in 2003) and the improved

chokepoint risk (as economies surrounding chokepoints became more stable). On the dtleandhexd,

ncreased

for the internal piracyttaand exporter &8s sd.abil ity i
Table 2: Oil Supply Security Index: Political indicator, 2000 -2013

Risk Political sub-indicators 2000 2005 2010 2013
Local stability 46% 47% 49% 46%
Internal | Piracy 5% 2% 2% 6%
Internationahgreement on oil emergenq 50% 48% 48% 48%
Piracy 2% 1% 1% 2%
External | Chokepoints 11% 11% 11% 10%
Exporterds stabil i 3% 38% 45% 44%
Political index 30% 28% 29% 29%
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Eight APEC economies have no existing regional or multilateral agreement on oil supply security.

Only 13 economies have entered into regional oil securitdpoliegonomies under the IEEP, and seven

ASEAN-APEC eonomies (Brunei DarussaldndonesiaMalaysigPhilippinesSingaporel hailand and Viet

Nam) covered by the ASEAN Petroleum Security Agreement {APSA)

Under IEA policy, all members are committed to undertake joint measures in the event of supply

emergencies, and agree to share information, coordinate their energy policies, as well as cooperate in the

development of rational energy programs. Each IEA member is likewise required to contribute in collective

action based on its assessed share ttBAtall consumption. Holding of oil stocks equivalent to 90 days of

the prior

year ds

net

mports

S

al

SO

set

as

an

obl

The APSACoordinated Emergency Response Measure (CERM) stipulates that all member states

must endeaur to supply petroleum to an ASEAN Member State in Distress at an aggregate amount equal to

10.0 percent of the Normal Domestic Requirement of said member state for a continuous period of at least

30 days. However, the member state in distress musidieshent shofterm measures to reduce oil demand

before requesting assistance under CERM (ACE, 2015).

14 APSA is a regional agreement that was signed in 2009 by all 10 ASEAN member states. APSA covers both oil an@smtural gas in ¢
a supply emergency occurs.

(
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The study adopted the Worldwide Governance Indicators®y@blished by the World Bank in
order to establish the local amck p o r t e rs@lEndicatoradWB, R0i6E)he study assigned the risk
derived from WGI to both internal and external factors, whereby for external risk, each import source will have
a different risk valuBased on the averagdexderived from WGI, the APEC local stabiliskincreased in
2010 to 49% arféllto 46% in 2013 (same level in 2000). Atthe sametimg,or t e nbasedomn sharg)i | i t y
increased from 39% in 2000 to 44% in 2013.

The other sulindicator is the piracy threfat; which the dataeveobtained fom the International
Chamber of Commercé International Maritime Bureau (II@B). The ICCIMB is a norprofit
organization, established in 1981 to act as a focal point in the fight against all types of maritime crime and
mal practi ce. fripaareas$ of dxpedise is M Bié suppmession of piracy that led to the creation
of the IMB Piracy Reporting Centre in 1992. This organization produced aRiaacyand Armed Robbery
againghips Reptivat contains the number of attacks that occurred, type of ships that were attacked, and the
location of the attack (IGI¥B, 2015).

Figure 3.3: Shares of Piracy Incidents in APEC and the Rest of the World, 2000 -2013
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From the ICGMB data, 54% (251 incidents over a total of 469 piracy incidents) of all piracy
incidents around the world occurred within APEC me ml
increasetb 60% (148 incidents in APEC out of 245 worldwide incidentske(BigiHowever, a closer look
at the data revealed that there was a huge improvement that occurred from 2008 to 2011, where the share of
piracy incidentsecordedn the APEC region dropp below 25%. The lowest number of piracy incidents in
APEC was in 2009 with 68 out of 410 incidents worldwide, which subsequently improved the political security

risk by more than 1.0%he attacks reduced significantly in 2008/09 because of the cooetateen

15 WGI consist of six suindices namely(1) Voice and Accountabifif) Political Stability akbsence of Violence/Terrorisit8)
Government Effectivene$4) Regulatory Qualif$) Rule of Layand (6) Control of Corruption. Ti&udy adopted the WIG@Political
Stability and Absence of Violence/Terrorism indiéatdslished by the World Bainkorder to establish the local stability indicator (WB,
2016).
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Malaysidndonesia and Singapore in combating pirates. A concerted @odndeihted action by regional

governments can prevent pirate attacks on commercial shipping (Time, 2009)

Economic

In the economic indicat@pf the D subindicators were considered under internal factor, and one
subindicator as an external factor. Five of theirglibators displayed improveménd Ea s e of Doing
Business,6 oil share to total pr i rosersyandeahod negy, o | i

import over demand. As a result of these improvements, the economic indicator index fell to 22% in 2013

from 25% in 2000 (Table 3).

For t he 0Eas e ésnlfindidatortmegtudp masié useso$ the Doing Business Report

(DBR) published by the World Bank Group (WB, 2016b) in order to establish the index for each APEC
economy. The intention to include this-suticator is to show how prepared governments are in facilitating
investment in their own respective econamsjudimg investment for energy secfine indeort he o0 Eas e

of Doi ng Bindsatondegeased by v.(percentage points, from 34% in 2000 to 27% in 2013.

Table 3: Oil Supply Security Index: Economic Indicator, 2000 -2013

Risk Economic sub-indicators 20® 2005 2010 2013
Primary energy diversity 25% 26% 26% 27%

Ease of Doing Business 34% 33% 30% 27%

Oil share to primary energy 28% 27% 25% 25%

Oil intensity 75% 64% 59% 55%

Internal | Oil product pricing 38% 38% 38% 33%
Oil exports over GDP 0% 0% 0% 0%
Totalnetoil imports over demand 41% 39% 38% 32%

Crude oil import source diversity 7% 7% 7% 8%

Oil product import source diversity 5% 5% 5% 6%
External | Oil exports over GDP 17% 20% 18% 19%
Economic index 25% 25% 23% 22%
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The dl share to total primary energy and oil intensity in APEC showed some improvements. Over

thehistoricaperiod, the APEC oil share to total primary energindidator went down to 25% in 2013 from

28% in 2000. Meanwhile, oil intensity improved from a high of 63.8 toe/million 2010 USD in 2000 to 42.4

toe/million 2010 USD in 2013, which resultegdeclire in the oil intensity suimdicator score from 75% in
2000 to 55% in 2013. It should be noted that in determining the index for oil intensity, the study compared the

10 %2
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oil intensity levels among APEC econofhighest and lowest leyalhid treated the higst oil intensity level

as having the highest rigkisis calculation method is used in order to establish the highest and lowest
benchmark in APEC he index also looked at the changesdno n milrintehsity levels over the historical
period (highestil intensity level recorded from 2€W13).Further explanation is available in Annex |

(Methodology

As a number of APEC economies have begun to remove or satiemalgy subsidies, it impibve
the oil product pricing stibhdicator index score fro88% in 2000 to 33% in 2013. Theoretically, if APEC
economies with energy subsidies remove all such subsidies, it would further push down the economic indicator

index score by another 2.0 percentage points.

Three subndicatorsshowedan upward trend innidex, which offset some of the gains made by
other subindicators. Although the import sources of crude oil and oil product imports were considered very
diverse, the diversity indase slightlyfrom 0.07 HHI in 2000 to 0.08 HHI in 2013 for crude od,feam
0.05 HHI in 2000 to 0.06 HHI in 201& oil product import source®n the other hand, primary energy
diversity became less diversified with coal taking a larger share in the primary energy mix, which subsequently
pushed the diversity level frorB®HHI in 2000 to 0.27 HHI in 2013 (Figure 3.4).

Figure 3.4: Oil and gas share in primary energy and diversity of energy mix, 2000 -2013
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Social

Only one sutindicator was considered in the social indiéatbbe oil consumptiorper capita.
Similar methodology in getting the index for oil intensity was applied to determine the index for oil
consumptiorper capita sulmdicator. APEC recorded thghést oitonsumptiorper capita in 2004, and the
lowest in 200®ecause ofhe financial and economic crisis that occurred in 2008 (Figure 3.5). APEC oll

consumptiorper capita increased modestly post 2009 with nearly flat growth see2®12012
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Other subindicators that could potentially be part of this indicator, including energy affordability
and human resources constraint in the oil and gas industry (thmdicatbr can be part of the
technical/technology stibdex too). However, as most APEGmiee r s dondt keep track of
constraint in the oil and gas industry (with exception of few big economies suahiizsl Sat&h, the social

index will only covers oil consumption per capita.

&ECOOA o0 8 v coisunplot#per tapita in toe/person, 2000 -2013
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Technical and Technology

This indicator showed a huge improvement, particularly r2@0®2As mentioned earlier, the
reclassification of oil reserves (oil sand€pitada from probable to proven reserves, which subsequently
expanded t he -PhHUELDD®/P)Raic by b0%elad to the decline in the index i¥%nin5
2000 to7% in 2005 (Tabld). Although APEC crude oil production increased by 27% in &rh3te 2000
l evel ), oil reserves rose by 137 %, much higher than

jump from 14.8 years in 2000 to 27.2 years in 2013.

The logistics efficiency sinaicator, which was derived from the LogistickoiPeance Index
(LPI) published by the World Bank, is used as part ofdhi¢al/technology indicatdihe LPI covers six
subindicators, namely: (1) customs, (2) infrastructure, (3) international shipments, (4) logistics quality and
competence, (5) thing and tracing, and (6) timeliness (WB, 2010w LPI is a survdyased index which
has both qualitative and quantitative results. The study chose LPI as part eintheatars for energy
security because an efficient logistics system candielomeriteria to overcome energy supply disruptions,
particularly oil product supply disruptidnsransferring oil products in massive quantities duringgber
can be a nightmarfer econony without good pipelines infrastructu@n averagehe APEC logistics

efficiency sulindicator slightly improved from 32% in 2000 to 31% in 2013.

16 Details on logistics efficiency can be found in Annex I: Methodology
17 For this subndicator, the study managed to retrieve data for all APEC members except Brunei Darussalam.tudyhuslishd s
Singapore data as a proxy for Brunei Darussalam due its comparable land size and GDP per capita
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Table 4: Oil Supply Security Index: Technical/technology Indicator, 2000 -2013

Risk Technical/technology sub-indicator 2000 2005 2010 2013
Logistics efficiency 32% 32% 32% 31%

Oil reserves/production ratio 51% 7% 10% 10%

Internal | Refinery Utilisation 89% 92% 89% 85%
Transborder pipeline Utilisation 100% 84% 55% 90%

Crude oil sel$ufficiency 36% 35% 34% 31%

External | Oil production rate 15% 10% 10% 5%
Technical/technology index 49% 40% 35% 38%
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In 2000, APEC had total refinery capacity of about 45 million barrels pmbbayd). By 2013,
the refinery capacity increased tvBtHbld, with most of the new capadituilt in China (BP, 201b)espite
the increase in refinery capafiBEC refinery capacitgilisationrate remained at around 89986 level for

most of the years. The studnsidered that the highetilisationrate of refineries means higher risk for

economies.

The APEC overall crude oil sslffficiency rate improved by about 5(B%gure 3.6)rom 2006
2013 nearly a quarter of APEC memb&rufiei DarussalaranadaMalaysiaMexicq Russiaand Viet
Nam) continued to enjoy a sslfifficiency level of 100%vhile AustraliaChing IndonesiaNew Zealand
Papua New Guineand Perudisplayed someduction in seufficiency leveOn the other hand, four
economies exhibited improvement in this-isdizator, led by the rited Sates(because of increased

production in unconventional ofgjllowed bythe PhilippinesThailangand Chile.

Constrants on oil pipelinesoald alsobe considereds asupplysecurityconcern. Although the
study plans to include both cross border and domestic pipeline constraoriigeliae reliabilitior each
economy is hard to g&Vith this, the study only focused ontthasborderoil pipeline. China opened up oil
pipelines from Kazakhstan in 20D@etransborderpipelinedtilisationrate already reached 100% in 2043
from 16% in 2006 (Xinhua, 2013 and CNPC, 2015). Tdfisghthe index for overall APE@nsborderoil
pipelineutilisationrate subindicator to go up to 90% in 2013 from 55% in 2010.

As for external risk, the study used the lowest crude oil production of exporters (recorded between
20002013) as benchmatd determine the production risk (having the highest supply disruptiohhesk).
study utilised oil production data retrieved from the Energy Information Agency (EIA) in order to formulate
the index. For example, Saudi Arabia had been consistently supplied around 20% of total crude oil imports to
APEC over the historical period, dvased on the oil production record from 22003, Saudi Arabia

recorded the lowest oil production in 2002, which subsequently produced the highest risk in the period of

20062013.



Oil and Gas Security Indexation _

Figure 3.6: APEC crude oil self-sufficiency, in %, 2000 -2013

2000 2013
Brunei Darussalam | 100 100 | 1
Canada 100 100 | 1
Indonesia 100 85 | [
Malaysia 100 100 | [,
Mexico 100 100 | 1
Russia 100 100 | 1
Viet Nam 100 100 | 1
Papua New Guinea | 100 60 | [
Australia 93 62 | [,
China 76 A3 | I
Peru 68 A3 | I
USA 41 S4 | NN
New Zealand 36 32| [IHHnmnn””
Thailand 20 29 | [
Chile 4 111
Korea 1 0
Philippines 0 10 | (i
Japan 0 0
Chinese Taipei 0 0
Hong Kong China 0 0
Singapore 0 0
APEC 64 69 | 1IN
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Law

Four subindicators were used to form the law indicator index. The stusy MilGB s uledof
lawo subindex data as one of the sobicators, as well as the data retrieved from Global Petroleum Survey
(GPSR0072014 produced by the Fraser to&i (WB, 2016a and Fl, 20T6)e law indicator showed a stable
index, an average of around 33% (Tabl&hree internal suimdicators and one external sudicator

considered in the law indicator.

The GPS Report was used to establish the resource extraction regulations as part of the indicator.
The report, which consists of survey feedback from profsstmwmpany chairmen, specialists and managers

in the oil and gas sector, is utilised to gauge the resource extraction (oil and gas) regulations. The GPS Report
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consists of four suimdices which are: (1)-atlusive composite index/policy perceptiodeiy (2)

commercial environment index; (3) regulatory climate index; and, (4) geopolitical ¥iskondes.law

indicator purposes, the study only just made use of the regulatory climate index. However, the survey does not
cover Hong Kong, China; Korea; Singapore; and Chinese Taipei, all of which do not produce oil and gas or

only produce very limitednaunts. Since the data from the report started in 2007, the study used a moving

average to determine the index for ZWB. The idea of having this indicator is to help understand the legal

barriers in extracting oil and gas, which can be the decadorgfda investors to invest in oil and gas
production. APECG6s average index on regulatory barri
Chile obtained the lowest resource extraction regulation index at 27% followed by New Zealand at 30% an

the United States at 31%.

Table 5: Oil Supply Security Index: Law Indicator, 2000 -2013

Risk Law sub-indicators 2000 2005 2010 2013
Resource extraction regulations 37% 36% 35% 40%
Internal | Oil emergency preparedness 0% 0% 0% 0%
Strategic stockpilir{m days) 58% 58% 58% 58%
External | Rule of law 38% 37% 38% 37%
Law index 33% 33% 33% 34%
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The study on Oil Supply Security and Emergency Policy in the@dd@&Cpublished by APERC
in 2015 was also made as a reference. This study looked into the policies as well as challenges faced by APEC
members in preparing for oil supply disruption, which covered discussions on the level of strategic oil
stockpiling.by REC economies. The data and information on oil stockpiling from this study was taken to
establish the strategic stockpiling policyralibate® (APERC, 2015). APEC overall oil strategic stockpiling
risk stands at 65% in 2013 (the calculation for theisidased on the highest stockpiling level among APEC
members). The risk can be considered high due to missing informatioailastockpile in at least four
economies, as well as low oil stockpiling level in most APEC members compared wiBAAREDer
economies such as Jgpareg and the United States. Since the data available is limited, the study applied the

2013 oil stockpiling data down to 2000 (Table 6).

18 The study only utilised the Regulatory Climate Index which covers the regulatory aspects of petroleum extraction (FI, 2016).
19 The study usetthe highest level of oil stockpiling within ARBGh Japan and Koremaintained huge oil stocks)the baseline.
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Table 6: Oil stockpiling in APEC, 2013

Oil Stockpile (Daysy°
Australia 52dayf net imports
Brunei 31ldaysf oil demand (industry)
Canada 53day=f oil demand (industry)
Chile 25 dayof sales
China 30-60daysof domestic demand
Hong Kong China | 30daysof retained imports
Indonesia 22daysf domestic demand
Japan 157 dayof net imports
Korea 233daysf net imports
Malaysia No Information
Mexico No Information
New Zealand 97daysf net imports
PNG No Information
Peru 15daysf domestic supply
Philippines 30daydor refiners & 1%8laysor marketers
Russia No Information
Singapore 50dayqrefiners)g0 daygpower generation)
Chinese Taipei 90daysf net imports
Thailand 50daysof domestic demand
United States 251daysof net imports
Viet Nam 47daysof domestic demand
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As for external risk, h aile of law subindexof WGI wasincludedwith the intention to reflect
perceptions of the etit to which agents have confidence in and abide by the rules of society, and in particular
the quality of contract enforcement, property rights, the police, and the courts (WB, 2016a). Although APEC
oil import sources from within the region had increasede e x por t er dosule pfHamdstdd on s ha

remained almost at a stable rate, at aroun®8%8for most of the yeaksA deeper analysis at the economy

20 |EA members' Oil Stockpile (only for AustrakganKoreg New Zealangand the United States) is as of Dec. 2014. Based on IEA

methoddogy, oil stockpiles of IEAPEC economies covered both public and industry stocks and the stock level in days is computed

from the previous yeards net imports. The porti onckstdldort ot al days
commercial and operational purposes, as well as stocks held by industry to meeg roiminmusstocikhdlding requirements (including

stocks held for this purpose in oteeonomiesinder bilateral agreements). On the other hand, the portion daystaf net imports

by governmerbwned stocks is held for emergency purposes (including stocks hel@éaootmeiesnder bilateral agreements). In the

case of Canada, the oil stockholdings are industry stocks held for commercial purposes bastd denummal.

21 The Study utilised data gathered from WGIRu | e o f-indéxa wRale of law is used as an indicator to determine, among

other factors, the level of fulfilling contract obligations and property rights (WB, 2016).
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level will show the effect of this daicator.

Environmental

The environmental indicatocluded two suindicators the readiness and vulnerahibtglimate
chang@? and natural disaster risk (TableAlthough most oéillimporting economies will not see immediate
impact on supply disruptias climate change impact on supply can ersigen in lorterm, it will be useful

if these sufindicators are part of the indexation.

Table 7: Oil Supply Security Index: Environmental Indicators, 2000 -2013

Risk Environmental sub-indicators 2000 2005 2010 2013
Climate change 42% 41% 38% 37%
Internal
Natural disaster 1% 1% 3% 2%
Climate change 39% 36% 35% 33%
External
Natural disaster 0.2% 0.3% 0.7% 0.2%
Environmental index 21% 20% 20% 19%
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As forreadiness and vulnerability towatitnate change, the study s#tdithe Notre Dame Global
Adaptation Index (NBGAIN), which summarie s an economyds vulnerability toc
global challenges in combination with its readiness to imgsdience (NBGAIN, 2016). Based on ND
GAIN data, the overall supply disruption risk due to climate change for both internal and external factors
improved by 5.0 and 6.0 percentage points from220@) respectively. The readinessnsldx contributed
much to the improvement. Despite the progress made on climate chandeatos, APEC economies

should still pursue low carbon efforts and green growth as the risk of climate change are expected to grow.

Natural disaster stibdicator was calculateddxhen number of people affected by natural disasters
over the total population. Data used for thisigdizator was generated from the International Natural
Disaster Database established by the Centre for Research on the Epidemiology of Disast&@REIRED) (
2016). Some may argue that natural disasters are ev
control. However, natural disasters are something that APEC ecanosties/e constantly prepared for
and the occurrence of natural disastEpending on the impact, may create disruption in the energy supply,

not only to the economy where the natural disaster occurred, but also to energy importers. .

The year 2010 actually marked the highest impact to natural disaster in APEC (badatioon popu
affected). There were three econodi€lile China and Thailandlthat were badly hit by earthquakes and

22 The vulnerabilitindexwas given on a scale of 0 to 1 where mtexmeans less vulnelglwhile the readinesglexuses the
same scale where a hiiglexmeans higher level of readiness.



Oil and Gas Security Indexation

big floods that year. In 2011, other natural disasters hit the APE@tbgigmeat earthquake in Japan that
triggered a tsunami, which tedhe Fukushima nuclear incident, and Typhoon Washi (local name Typhoon

Sendong) that affected the Philippines (GMA News, 2012).

A0 3AAOOEOU )1 AAg

The study also came out with a separate security index for gas using the same netti@dology
oil searity index. The gas security index (coveringdipdiigas and LNG) include2B subindicators20

subindicatorssubject tanternal facteg and the remainingfluenced bexternal facter

Figure 3.7: APEC Gas Security Index 2000z 2013
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On average, the gas supply in the APEC region exhibited a better security leveltoaripared
with relatively stable security indearound 8%. The index recorded the lowest risk in 2009, partly because
of weaker gas demand following the global economic crisis duri@@@®08mong six indicators, only two
8 social and technical/technology indicadaisplayed an upward index. The reshefiridicators improved

or were relatively unchanged (Figure 3.7).

Both the economic and law indicators demonstrated decreases initkshyir®l0 percentage
points each during the historical period, whilmtiex forenvironmental indicator droppleg 2.0 percentage
points. On the other hand, the social indicgatsby 4.0 percentage points caused by tggisezonsumption
per capitdevel in the APEC region, which offset some of the risk reductions gaingtefeoonomic and

law indicators.

Import source diversity sdhdicator helped improve the overall economic indicator index. Gas

import sources of the APEC region more than doubled in 2013 ré2atdngomiegincluding from APEC
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economies) from only 17 economies in 2000. Meanwhile, tamergency preparedness-iadizator
provided most of the risk reduction in the law indicator as more APEC economies already established policies
such asllowing undergrourghsstorage and importing gas in the form of L&l@| built new infrastructure

to caterto growingdemand and improve supply security.

Figure 3.8: GasSupply Security Index Changes, 2000 z 2013
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The results revealed th@telconomies obtained an increase in gas supply security risk, while the
restunchanged dmproved (Figure 3.8). Much of the increase was recoded in economies with high growth in
gas demand, as well as from the economies that started to import gas. Although some economies are net gas
producers, such as Malaysia, supply disruigtatil remains as production areas are far from deerares
which subsequently forces these economies to import gas. A deeper analysis on domestic pipeline reliability

will stow a more accurate risk index.

Political

The political indicator assigrexisubindicators, three stibdicators each for internal and external
factors (Tabl@). The piracy suindicator (both internal and external factecivedn increasing index over
the historical period. As discussed earlier inilteecurity, thenumber of piracy attacks in the APEC region
more than doubled from its lowest annual number reported (APEC recorded the lowest level of piracy in 2009
with 68 reported incidents, and then increased to 148 incidents in 2013). However, accordingBthe ICC

report, there were seven pirate attacks on LNG tankers frora@around the wordd

Only seven ASEAMPEC members have a regional agreement on gas supply security covered
under APSA. Due to the limited number of economies with such kind of security agreement on gas

emergencies, a high index for thisisdlzator was obtained comparechvail. However, if all APEC

23 The ICGIMB report does not provide data on whether these attacks occurred in the APEC region or specific regions in the world
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members have entered into gas supply security agreements, it would lower the political indicator index further

by 15 percentage points.

Table 8: Gas Supply Security Index: Political Indicator, 2000 -2013

Risk Political sub-indicators 2000 2005 2010 2013
Local Stability 46% 47% 49% 46%

Internal | Piracy 5% 2% 2% 6%
International agreement on gas emergéh( 60% 60% 60% 60%

Piracy 6% 3% 2% 5%

External | Chokepoints 3% 4% 5% 6%
Exporterds stabilit 56% 50% 51% 51%

Political index 33% 31% 32% 32%

3T O@AA3#/ 0% j ot vy @h- "7"} @ reuraBighw!)ww2# Al Al UOEOS

Chokepoint risk for gas was also lower than oil, as a significant amount of gas imports are received
through pipelines$n 2013, there were 32 economies that exported gas to APEC economies (including intra
APEC) with a total volume of 437 billion cubic metre (Bcm). About 53% of the gas imports was in the form
of LNG, and the rest through pipelines, mainly in the US; CM@de; and, China. However, gas had
higher exporterds stability risk compared with oil
the higher concertation of import sources compared with oil. In 2013, nearly 60% of gas imports came from
the top five exporters, while for oil, the top five exporters only supplied 50% of crude oil imports. Thus, the

| ower diversity of i mport s o dindicatosskegver dolvatds tharkagor t he e x

gas exporters.

Generally, APEC enomies have been dependent on two regions for LNG supply, the Middle East
and North Africa (MENA) and the Southeast Asia regions supplying around 40% and 28% of LNG demand,
respectively. If Australia is added to the equation, the share of these kgimorsoanies as import sources
could reach more than 80% (Figure 3.9). Among the advantages that LNG producers from the APEC region
have is the lack of chokepoints (even Russia plans to export LNG to East Asia through the Artic Sea route)

(LNG ProducetConaimer Conference, 2016).

24 Under normal circumstances, the study assigned the risk at 100% for economies that do not have an agreement angas supply du
emergencies. However, there are a few economies that do not have such agreeaventedigedsurplus gagor these economies,
the study assigned the risk at 50% only. These economies are Bastidfilexicq PNG; Russia and the Unitedhtéts.
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Figure 3.9: APEC LNA@mport Sources in Bcm, 2013
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Economic

The economic indicator covered six-isilicators altoveringinternal fact The @me sub
indicators were used as in the oil security indeiheiexceptionf oil exports over GDP stihdicatorThe
economic suindicator index improved frog8% in 2000 to 26 in 2013. The reduction in seguritk was
partly contributetb byabetterindexinthed Eas e of Doing Businessoé (as discl

section), improvement in gas impmurce diversity, and a slight decrease in gas intensity@Table

Gas maintained its share to total primary energy at around 20% for most of the years. However, gas
intensity decreased from 37.7 toe/million 2010 USD in 2000 to 31.1 toe/million 2010 USD in 2013, which led
the indicator to fall from 57% in 2000 to 55%0h32 In the gas pricing stibdicator, the study used the
data from the IEA energy subsidy database, of which, in 2013, six APEC @ é&nimees Darussalam;

China; Indonesia; Malaysia; Chinese Taipei; and, Thditareat least some form of gas sybSidce the

database only provided 2214 data, the study assumed that the gas subsidy was introduced even before
that and stretched the assumption to start in 2000. In terms of gas import source diversity, APEC managed to
improve the suindicator inéx from 0.25 HHI (diversity based on share) in 2000 to 0.09 HHI in 2013.
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Table 9: Gas Supply Security Index: Economic Indicator, 2000 -2013

Risk Economic sub-indicators 2000 2005 2010 2013
TPES Diversity (HHI) 25% 26% 26% 27%
Ease of DoindBusiness 34% 33% 29% 27%
nternal Gas share to primary energy 20% 19% 20% 20%
Gas intensity 57% 52% 54% 55%
Gas pricing 36% 36% 36% 36%
Gas import source diversity 25% 16% 11% 9%
Economic index 23% 22% 21% 21%
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Social

The gasconsumptionper capita sulmdicator, the only stibdictor undetthe social indicator,
displayed a steady increase in index over the historical period, from 16% in 2000 201Z0&6similar
methodology was utiigd as irtheoil security index in determining the index for thisrslibator. The lowest
gas consumption per capitas recorded in 20@thile the highest occurred in 2013 (Figure 3.10).

Figure 3.10: APEC gasconsumption per capita, 2000-2013, toe/person
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From the 200@013 period, APEC gas consumption per capita increased by 26% as demonstrated

by a gradual and steady increase over the yeattse witbeption in 2009 because of the global financial and

economic crisis. gas consumption per capita showed a stronger rebe2@@Ppastgas demand increased

rapidly in China, Japan (triggered by Fukushima incident that prompted Japan to switdkdrdamirNG),

Russia and the United States (both Russia and the U.S.ragasrajoducers and consumers).
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Technical and Technology

The technical/technology indicator exhibiéeslight increase in index, 28% in 2013 frémia5
2000 (Tabl&l). TheAPEC region produces more gas thaorisumegwhich make&PEC a net gas exporter
However, further production disaggregation between economies revéfalespitturestarkcontrast an
be seen for resoureaergypoor economies, such as Japankamda, andenergyresource rich economies

such as Russia and Australia.

Table 10: Gas Supply Security Index: Technical/technology Indicator, 2000 -2013

Risk Technical/technology sub-indicator 2000 2005 2010 2013
Logistics efficiency 32% 32% 32% 31%
Reserves/production for gas 2% 4% 5% 6%
RGT terminal utilisation 49% 50% 44% 39%
Internal
Underground gas storage over demand 90% 90% 89% 87%
Transborder pipeline utilisation of gas 29% 46% 60% 58%
Gas selkufficiency 0% 0% 0% 0%
LNG Utilisation 49% 53% 61% 65%
External
Gas production 21% 14% 12% 6%
Technical/technology index 25% 26% 28% 28%
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The APEC gas R/P ratio decreased from 41.6 years in 2000 to 39.6 years in 2013. The decrease in
R/P ratio caused the index for gas reserves/productieimdichtorto rise from 2.0% in 2000 to 6.0% in
2013. With huge reserves available in some members, APEC is expected to contintseitficensaifthe

near future. However, each economy has a different R/P ratio.

In 2013, seven APEC economies had naturatgmudindyasstorage facilitie¥he United States
owned more than half (56%) of the capacity, followed by Russia with@8%groundyasstorage usage is
closely related to seasonal variations and usually gas will be withdrawn from storageithieingethesh
In 2014, the year of the Polar Vortex, the United Statekhdrgptho d r awn down o6 nat ur al gas
facilities as a result of higher than normal demand (API, 2016). From the data on storage capacities, the study
established thandergroundgasstorage over demand sabicator as storage could be setili during

emergencies.

In 2000, only four APEC members had regasification terminals (RGTK@agza@hinese Taipei
and the Wited Sate3 with a tothcombined capacity of 2B8m.By 2013, the number of economies with

regasification terminals increased to 12 with a total capacity of 690 Bcm (about 70% of global regasification

25 Since underground gas storage is closely related to seasonal variations, a closer examination of gas demand tefn¢pwinter can
better understand the risk posed on gas supply.
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capacity). The increase in total capacity for regasification could help reduce gas supply(sttboritytrisk
further examination for each economy may show a different result) (Figure 3.11). Due to tle therease
numberof RGT in APEC, the utilisation rate soticator index decreased from 49% in 2000 to 39% in 2013.

Figure 3.11: APEC regasification terminal utilis ation rate, in %, 2000 -2013

2000 2013
USA 63 1
Chinese Taipei 60 100 {{[[{THHTHTHTTHTTTT
Korea 42 40 ([T
Japan 33 A7 NIHTTTITITOT
Chile No RGT 4 ([T
Canada No RGT o I
China No RGT SO ([T
Indonesia No RGT 36 |[[|[1HHTHTTHTTHT
Malaysia No RGT 40 | [{[THTHTTHHTH
Mexico No RGT 30 ([T
Thailand No RGT 28 ([T
Singapore No RGT 27 | ([T
APEC 36 34 ([T
i @Ry € 2ACACEAEAAGEIT OAOI ET Al

One of the interesting findings from this indicator is the regasification utilisation rate in Japan.
Before the Fukushima accident in March 2011, the utilisation rate stood at 39% (in 2010). It increased to 44%
in 2011 and 48% in 2012 as gas demand eatidias to nuclear power plants shutdown. Looking at the rate
itself shows that Japan can actually import more LNG as the capacity to regasify the LNG is available especially
during the year when Fukushima incident occurred. Several factors may corttniblbsvtregasification
utilisation rate in Japan such as limited liquefaction capacity that is available around the world, thus there is not
enough LNG that can be sent to these regasification terminals and/or the lack of pipeline integration that
connets major supply and demand centres that can carry gas across Japan. Some of the regasification terminals
located in the west of Japan could not be fully utilised due to this missing link during the Fukushima accident,

which eventually led to an energy sugisis.

As for external risk, the study assigned the lowest gas production of exporters (recorded between
2000201 3period$ with the highest supply disruption risk (using the same methodology as in the oil security
index). Since the shale gas revolution that occurred around-2080sicthe production risk index fell from
21% in 2000 to 6.0% in 2013 (which means that padezs have the capacity to increase gas production).
On the other hand, as liquefaction capacity had become more constrained, the liquefaction utilisation rate
increased from 49% in 2000 to 64% in 2013 (Figure 3.12).
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Figure 3.12: Global liquefaction/reg asification capacity and LNG imports, 2000 -2013
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However, vith many LNG projects that are expected to be fulljnerby 2020, the risk of limited
liquefaction capacity to meet LNG demand is expected to be reduced, although the bigger question posed by
many energy analysts is the liquefaction capacity pogttafi28ent, 25 of 26 liquefaction terminals under
construction globally are located in APEC economies, while dozens of new LNG liquefaction projects have

been proposed in Australia; Canada; the United States; Malaysia; Indonesia; and, Russia (IGU, 2015).

Law

Three subndicators formed the law indicator, meversnternal factarand one external factor.
As within the oil security index, the GPS and WGI were used to establish the resource extraction regulations

subindicator and thérule of law subindicator.

From the results, the law indicator improved due to better gas emergency preparedness as mentioned
earlier in this chapter (Table 12). The emergency preparedness indicator index fell by 13 percentage points,
from 50% in 2000 to 37% in 20E3 a result of the introduction of regasification terminals in most APEC
members (12 APEC members had regasification terminals in 2013 compared with only four in 2000), as well
as existing policies to handle gas supply disruption (some economiedylsuthaay s i a , dondt have
explicitly for gas, but it is embedded under the po
law sukindicator, gas displayed a slightly lower index compared with oil in early 2000. However, in 2013, both

oil and gas had the same index of 37%.
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Table 11: Gas Supply Security Index: Law Indicator, 2000 -2013

Risk Law sub-indicators 2000 2005 2010 2013
Resource extraction regulations 37% 36% 35% 40%
internal Emergency preparedness 50% 50% 43% 37%
External | Rule of law 34% 37% 35% 37%
Law index 41% 42% 38% 38%
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Environmental

Under the environmental indicator, two-swicators were included (simiiarthe oil security
index)d the readiness and vulnerability to climate change impact and natural disaster both assigned as internal
and external factofSor the internal factor, same index as in the oil securitynadearsedvieanwhile, the
external factoposed a slightly higher risk than oil at 36% in 2013 compared with 33% for oil due to fewer
import sources (Tabl&)1Despite the increase from external risk, the overall environmental index decreased
from 21% in 2000 to 19% in 2013 owing to a higheinesadevel and lower vulnerability in facing climate
change. The exportero6s natur al di saster ri sk demon

economies, suasthose from the Middle East, are located far from natural disaster areas.

Table 12: Gas Supply Security Index: Environmental Indicators, 2000 -2013

Risk Environmental sub-indicators 2000 2005 2010 2013
Climate change 42% 41% 38% 37%
Internal
Natural disaster 1% 1% 3% 2%
Climate change 38% 38% 35% 36%
External
Natural disaster 0.1% 0.0% 0.1% 0.1%
Environmental index 21% 20% 20% 19%
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In general, APEC is divided into three main categbiiEseconomies wittabundant oil and gas

resources that wibntinue to be net energy export@economies that kiasignificantesources but

because dfiigh oil and gas demand will becoetenergy importsrand(3)economies that aemergy

resource poor. However, given that APEC is relati
the APEC economies should tryewpandntra APEC trade.

APEC®s o vsshovedthat oit amdsgad tdow to moderate risk exposure to supiEyuption

over the 2002013 periodQil used tchave a higher supply disruption risk than gas 00 Bécausef

lack of oil reserves in some APEC membatbecause of the reserves changes, it supply risk decrease
The results also revealed thatrdgion held low levebdf oil stockpiling (higher index) since some
economies only maintained small ansfmstock, except those APEHEA members with obligatory
requiremento have at least 90 days stbaked on net importsew economiegon-lEA memberks

were able testablish high level of steckuch as Chinese Taipei, while others like China started to build

more stockpiling facilities to expand storage capacity for both crude oil and oil products.

Given the limited resources (such as fum$)availability of storage facilities, some economies could
not secure larger amosiof oil stockpiling, thus presence of risk could beihitife event of aupply
disruptiors. However, APEC could consider formulatirsfrategyor possible joint stkpiling among

and between member economies,wdtich | d i mprove the regionds overall

APEC economies withsufficient oil stockpiling could also consider entering into bilateral agseement
with other members holding large amswitoil stock$o source a portion of such stockholding in the
event of domestic supply emergenyiéb. this agreement in placember econoies(with no strategic

oil stocks) could enhance their supply sedewvity with the possibility of securing oil suftblypugh
bilateral agreemantith those member economies with huge straiggiockpilingjo fill a portion of

the supply gap during emergencies.

Reducing oil demand or oil intensity will help ingosonpply security, as demonstrated by sonhe of
APEC economies (such as New Zealand). Thus, APEC economies need to pusn femtrery

efficiency agenda in their respective energy policies.

Although @s hd better security than dilitially becausef higher selsufficiency levglthe supply
security risk does not getting better over the years because of increasing demand recorded in most APEC

membersLikewise, rast economies have built or have plans to build new infrastroviging
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option(s) to source imports either through pipelines or in the form of 4dN@ell as gas storage,
meet growing gas demaBdchgas infrastructuiis critical to enhancing the emergency preparedness

of member economies.

Asadable oil and gas import source is important for A&BGomiegxpandingntraAPEC traddor
both oil and gas coul@duce thepolitical stability andhokepoint risk Besidegheserisks APEC
economieshould cooperate @mddrespiracy issigthat have been ortherise, particularly alonige

Strait of Malac¢avhich is a major route for oil and LNG imgort

Currently, only 14 economies have entered into international oil security egjeenehsentn economies

have regional gas security agreementhe presence of international/multilateral agreement contributes

to reducing the supply securitsks, APEC may consider developtsgown oil and gas security
framework agreement covering supply sharing in the event of domestic or regioealatgapigies.

The framework agreement may also include other security measures such as strengthening domestic

economi es® emergency policies and response strate
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Australia is the largest island economy in the world occupying a total land area of 7.7 million square
kilometrey km2) , and with a total population of 23 milli
domestic product (GDP) reached USD 936.9 billion (USD 2010 Price and Purchasing Power Parity [PPP]),
exhibiting an annual growth rate of 3.0% in the lasafi3(&0@013) (WB, 2015; EDMC, 2015).

The economy is an energy producer ranked as the 8th largest in the world, contributing 2.4% to
global energy production. It is one of the largest exporters of coal (providing around 27% of total coal exports
in 2014, as well as a major exporter of uranium and liquefied natural gas (LNG), accounting for about 10% of
global LNG exports. In20134, t he economyds energy production in t
of coal (66%), uranium (13%), gas (13%), cils¥ dincluding condensate and naturally occurring liquefied

petroleum product) and renewable enef®y (OCE, 2016).

Figure 4.1: Primary Energy Supply, 2000 -13
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The economyds primary energy supply requiremeni
equivéent (Mtoe), which grew by 19% from the 2000 level (108 Mtoe) translated to an annual increase of 1.4%.
About 60% of the total was sourced from oil (35%) and gas (25%), while coal supplied 34% and renewables,
such as hydro, solar, wind, biomass and wagtesented.0% (1 EA, 2015). The economy?d
mix could be considered as having a diversified mix withHH),32 moderatow concentration of energy

sourcegFigure 4.1)

The economyds oi |dbeenuinredsiyg anneafyd.3% perrgean teaching 46
Mtoe in 2013 from 34 Mtoe in 2000. Its share to energy mix grew to 36% in 2013 from 32% in 2000. With
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modest proven oil reserves, compared with global oil producers, estimated at 4.0 billion barrels (BP, 2015), the
economy i net i mporter of crude oil, as wel |l as oil p
projectedo increase at 0.4% per year until 2040 (APERC, 2016).

Meanwhile, its natural gas supply requirement rose annually at 3.4%, from 19 Mtoe (21 billion cubic
metres [Bcm]) in 2000 to 30 Mtoe (33 Bcm) in 2013. This is translated to more than a 50% increase in natural
gas supply requirement (IEA, 2015). The shiayasao primary energy mix in 2013 was abotfbaorté,
from less than 20% in 2000. Gas has become an important energy source for the economy not only to meet its
domestic demand, but also as one of the m@joce®f export earnings. It was reporthdttthe estimated
proven gas reserves of the economy in 2013 stood at 3.7 trillionettdsi€Tcm) (BP,206) . The economy
gas supply requirement is projected to increase annually at 2.1% (APERC, 2016).

In 2013, energy intensity stood at 137.8 toohesl equivalenftoe) per USD million GDP
(toe/USD million) based on primary energy supply requirement, a drop of 19% from the 2000 level. On the

other handprimaryenergy per capita was stable, at about 5.6 toe/person froB0ERQEGEDA, 2015).

/| E 3AAOOEOU

Looking at the six oil security indicators used in this study, Austédia kialnerability to oil
supply disruption with an overaipply security index of @6in 2013, which could be translated to having a
moderatdow exposurélow indexmeans loer risk a supply disruption(Figure 4.2)Although it could be

observed that the security index had detnaded a steady increase frofo 23 2000.

Among the indicators, the social and technical/techrialtigators were the major causesioh
increasén security risk-or the social indicatarjth only one suindicator ¢il consumption per capjtéhe
gradual rise ioil consumption per capitmm 1.8 toe/person in 2000 200toe/person in 2013 triggered the
increaseThe index wadetermined based on the higlast lowesbil consumptiomper capita levelmong
the APEC economies, and thei st or i c al ¢ h a mer eapita lenghighdsterecadedireo my 6 s
APEC averageil consumption per capitas 50% lower than the ecoyolhs per capita, only 0
in 2013 (0.78 toe/person in 2000).

The tebinical/technoloyg indicator, which consssif six sukindicatos (one is an external factor)
recorded an increase in risk by 8.0 percentage points, from 28% in 2000 2038%bHae c onomy ds o |
reserveproduction(R/P) ratio had been goimtpwndue to declining reserves, while the oikséfitiency
level was on a downward trend resulting in a higher import dependency level. Bothnbdesgasbcaused
the technial/technolog indicatorto go up. The sudden drop in the technical/techyatmex during 2009
2010 was attributed to additional oil reserves declared in thoserydasother hand, with no additional
refineries being built, import dependency onrodyzts is likely to accelerate in the future (APERC, 2015).
As such, t he wilsaionmt®ys @lseady leigh iatr0®% qausing a higher index for this sub



Oil and Gas Security Indexation m

indicator. Additional refinery facilities may improve the refitibsgtion rate subindicator and thus the
technical/technologindicator When it comes to external factors in the technical/tecmotbcator, the oil
production rate suimdicator of crude oil exporters (import sources) also had an increasing index, reaching
22% in 2@3 from 16% in 200This means that some exporters of crude oil to the economy could have higher

risks tofulfil their export obligations because of the decreasing producton rate

Figure 4.2: Oil Supply Security Index, 2000 -13
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The economyeceived highresultin the law indicator (highetsk), whichismade up of four sub
indicatorqone is an external factdfowever, the index for this indicatemained relatively stable at around
38%-39% over the historical period. In the resource extraction regulatiotdicator, the economy obtained
a 40% index, an increase from 20% in 2000. Since thevahtedoubled, perceptions of investors on
regulabns governing upstream oil and gas deteriorated with New South Wales, Tasmania, Victoria and even
Queensland having the highest perception that existing regulations could deter investment. South Australia
gained a lower index having the most attractiey dor upstream investment. The resource extraction
regulation suindicator made used of the Regulatory Climate Index of the Global PetroleurfGR8)ey
which covers perceptions on costs of regulatory compliance, uncertainties on anticipated changes in
environmental regulations, the enforcement of regulations, legal system fairness and transfparttecy, etc.
economy does not maintain a public oil gitElknd no minimum stockholding obligation for oil companies,
the indexin the strategic oil stockpiling sabicator is high, about 80% in 2013 (APERC, 2015). As of
December 2013, the economy oil stock level was 52 days of net imports (IEA, 2@&NgItoe oil
stockpilewould reduce the risk under the law indicaiader the InternationalEnergy Agency (IEA)
agreement, all members are required to maintain oil stocks equagleast80 days of net oil imports (IEA,
2014b)As for oil emergey preparedness, the economy has put in place emergency policy and measures to

address potential supply disruption, thus attaining ardexin the emergency preparednessrsdibator.
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The economic indicatatomposed of 10 sthdicatorgone is an external factagxhibited an
increasedskat25% in 201%om 20% in 20Q0rhe primary reason for the increase was the rise in oil import
share to total oil supply (covering both crude oil and oil products). The import share sigogaaathly
because of tHagincrease in oil product imports. The increase in the econonatoinididex was also caused
by escalating diversity indiex oil product import sources, from 13% in 2000 to 29% in @ld&se see
discussions below on Impoand Sources Section) The i ndex for OEase of Doing |
Bank (WB) as a stidicator also went up over the historical period, and thus had an effect on the economic
indicator.The decrease in oil intensity-guticator index from 8% in 2000 to 57% was not enough to offset
the increases in other sadicatorsThe economyds oi | intensity dropped ©b
49 toe/million 2010 USD in 2013 from 53 toe/million 2010 USED@D.It should be noted thahe same

methodology used in oil consumption per capita was applied in estimating the index for oil intensity.

The economy received the lowest irltexest riskjn political and environmental indicators. On
the political subndicator(with six subndicators)the lowesindexare in piracy and international agreement
as internal factors for the economy. The economy being a member of the International Energy Agency (IEA)
could solicit assistance through collective or joint actions of IEA megohemiesinder he International
Energy Program (IER) the event of oil supply emergency situations (IEA, 2014b). But in the local stability
subindicator, the economy earned an increasing(iodexindex meansigherstabilityYrom the Worlavide
Governance Indicators (WGI) of WB, 25% in 2000 to 30% in 2013. WGI measures the quality of governance
such as government effectiveness, accountability and political stability. As for external factors in the political
subindicators, the major sourcesroports (exporters) for both crude oil and oil products have low risks in

terms of piracy and chokepoints, as well as having a relatively stable political landscape.

For the environmental indicatom/ering risks related to climate change and rthsastdras sub
indicators (both as internal and external factibesNotre Dame Global Adaption Index (KHAIN) revealed
relatively a low result for the economy with an index value of 23% (rHodemggosure) on the climate
change suindicator coveringategories on adaptive capacity, exposure, and readiness. As for the oil import
sources (external factor), the averagéaIN index was 34% in 2013. The economy had a low index in the
natural disaster sindicator using the Centre for Research on thdeBpblogy of Disasters (CRED)
indicator in terms of population affected by natural calamities in both internal and external (sources of imports),

with an index value of less than 1.0% over the historical period.
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Overall, Austral i ads Igveespossre pithnlingdexef 88 in12018,y i s  wi t
from 17% in 200QFigure 4.3)Thegassecurityndexwent upa bitin 2007associal indicator increased by 3.0

percentage points from 2000 levélthoughAustralia recorded gas import frdimor Sedrom theJoint
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Petroleum Development Area (JPDAjs study does not considachimportin estimatingxternal risk as

gas fromDPA is mainly fore-export (in LNG form).

The law indicator received the highisitrecorded aB82%6 (2013), which is already under the
category of mitbw exposure. Similéo oil security, the high index was attributed to the resource extraction

regulation suindicator for the economy.

Figure 4.3: Gas Supply Security Index, 2000 -13
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In the technical/technolggndicatora slight uptickvas recordeish 2007 due to depleting reserves
reportedbnthat yearHowever, in totalhte gafk/P ratio subindicator index went down as gas reserves almost
doubled (1.8 times) in 2013 (2.2 Tkeomh its 2000 level of 1.2 Tcm. This-gudicator may improve in the
near term with gas reserves in Greater Gordon Field, which has estimated reserves of ttillidrcou(
feet [Tcf]) and is expected to produce 26.9 billion gubites per yea(Bcm/y) of gas (equivalent to 950
billion cubic feet per ye@Bcf/d]). Other gas upstream projects that are already in the pipeline are the
Wheatstone Project and Browse Basin Development Program, etc. (IEA, D8d4conomy is also
exploring coalbednethane (CBM) and shale gas as other potential gas resources. Energy Information
Administration (EIA) estimates showed that the economy has vast technically recoverable gas reserves of
aroundl2.4 Tcm (437 Tcf) (EIA, 2014).

The steady growth in the gas plyprequirement ed t o the incre@asse iin tF
consumption per capitéhich triggerethe social indicator to move upward from 17% in 2000 to 21% in 2013.
Gas consumption per capitant upto 13toe/person in 2013 from 1.0 toe/personin200Dh e economy d s
gas consumption per capitas higher thathe APEC average of 0.58 toe/person in 2013 and 0.46 toe/person
in 2000.

On the other hand, the economic indicétoveringsix subindicators)ncreased by 6.0 percentage

points from 13% in 20000t 1%% in 2013because oéxpanding gas share to primary energy supply and
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increasing gas intendi@s subndicators)The share of gas to primary energy supply reached 23% in 2013
from 18% in 2000, whilgas intensitglightly increased to 32 toe/milli@@10 USD in 2013 (from 30
toe/million 2010 USD in 2000), thus earning an increase in index at 51% in 2013 (from 47% in 2000).

In the politicalindicator indexthe absence of international/multilateral agreements on gas supply
securitypush the index slightly highBight now, the IEA agreement does not yet cover gas security, but could
be included in the future if the global and regional gas supply situations warrant its inclusion. However, with
huge gas reserves, the economy coualddoeded withreindexof 50%(economies with no resources and no

international agreement were given 100% risk)
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Australiads c rsbeen decréasing pince 2000 att ai ratenof 40% per year due to
maturing oil fields.Ad as most of the economyds crude oil produc
is far from the refineries situated in the east, a significant portion of its crude oil is exported to other Asian
economies (EIA, 2014). Over the historical peciadge oil imports grew annually at 1.0&@average. With
t his, the economyds dependency on crude oi l i mports
terms of refinery demand. This was deé&g@idodat674 he econ
thousandarrels per day (kbbl/d) in 2013 from 847 kbbl/d in 2000, a 20% cut in capacity. Oil refinery capacity
was further reduced in 2015 with the retirement of two refineries from six refineries operating in 2013, bringing
down the capayito 412 kbbl/d (OGJ 20015 & IEA, 2015a).

Figure 4.4: Production, Net Import sand Demand, 2000-13
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As the economyds refinery capacity dwindl ed, 0
almost half of domestic demand in 2013, from only 12% in 2000. On average, oil product imports exhibited a
13% growth rate per year during the historical périod. s houl d be noted that the ec
are nearly at their full capacity. With declining domestic oil refining capacity, crude oil imports are expected to

decrease in the future, which will be offset by increasing oil product imPBRE(R015). If no additional
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refinery capacity will be added in the coming years, oil product imports will rise in the future. Total oil net
imports (crude oil and oil products) registered an eightfold increase to 29.7 Mtoe in 2013 from only 3.6 Mtoe
in 2000 (Figure 4.4).

Crude Import Sources

Over the historical period, the diversity index of crude import sources was at a low level with an
average index of 0.HHI (0.11HHI in 2013), which is translated to a low concentration edivebified
sourcegFigure 4.5)Consistent major exporters of crude oil to Australia were In¢ibfeaisiaviet Nam
and the United Arab Emirates (UAE). The economy started to import from Nigeria in 2009, which further
improved its diversity index. Before, the economy sourced a significant amount of crude oil from New Zealand

Saudi Arabj@runei Darussalgrand Papua NevBuinea.

In terms of risk associated with thajorimport sources, it declined somewhat from 15% in 2000
to 12% in 2013. This could be attributed to risks associated with the previous sources iof tinepsuts
indicatorr el at ed t o ye(wgalctaldiliy)r Atsougk impoltingl front Nigerié d@companying

risks, these were offset by a reduction of imports from Viet Nam and Indonesia, whididelsiified risks.

Figure 4.5: Crude Oil Import Sources, 2000 -13
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The share of intrAPEC imports was recorded at 57% of total crude oil imports, from a high of
more than 80% between theriodsof 2005 to 2008 as the major crude oil suppliers were within the region.
In 20052006, the top five ade oil suppliers were BrubeirussalantindonesiaMalaysigPapua New Guinga
and Viet Nam. Crude oil from New Zealand came in 2008 until 2012. When the economy sourced crude oil
again from UAE in 2007, it replaced the oil from Papua New Guinea andBruasalamnirhe increased
volume of crude oil from UAE led to the decline oBiAPEC import share, and was further reduced with

the entry of Nigerian crude displacing some amount of imports from Indonesia and Viet Nam.
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Oil Product Import Sources

Singapore lsdbeen the main source of oil product impfutshe economy, from 30% 2900 to
47% in 2013 of total imports. The share of Singapore imports was high from 2004 to 2008, around 65% on
average. As such, the diversity index was at the highddtllOatbaverage, during those years where two
thirds of imports were coming froim@porgFigure 4.6)0ther major sources of imports were Jdfaneqg
and Chinese Taipei. Increasing imports from Japan and Korea led to a decreased irfroontSihgagpore.

During the early years, the economy even imported from IGtovesiaMalaysizand Saudi Arabia.

Risk associated with thejoroil product import sources was low compared with the risk from
crude oil imports. The level of risk was on a decreasing trend from 11% in 2000 to 8.0% in 2013. The risk
gradually came down as ¢doenomy started to import from Jgpéoreg and Chinese Taipei. Meanwhile,
the intraAPEC import share was high, reaching 92% of total imports in 2013 from only 54% in 2000. A low
level of intreAPEC share was recorded when the economy was still imfrorinSaudi Arabia, accounting

for about 25% of total importsn average.

Figure 4.6: Oil Product Import Sources, 2000 -13
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Brunei Darussalam is one of the Asaific Economic Cooperation (APEC) economies located in
Southeast Asia covering a total land area of aroundduaé&ilometregkm2) and with small population
of about 411,000. I n 2013, the ec o 288/bod(801@Prices s do me s
and Purchasing Power Parity [PPP]), growing annually at an average rate of 1.236)(2000T he ec on o my
GDP per capita of USD 69,108 (2010 USD PPP) is among the highest in the APEC region (WB, 2015; EDMC,
2015).

Figure 5.1: Primary Energ y Supply, 2000-13
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Brunei is a producer of both oil and gas. Most of the oil produced is exported with only a small
amount being refined at the Brunei Shell Refinery. Likewise, 90% of gas produced is exported as liquefied
natural gas (LNG), and the mnder isutilised locally for power generation and town gas. These sectors
contribute more than 60% to the economyds GDP and ge

earnings (IBT, 2013).

I n 2013, the economyds nmreachea 3.0 mikon ¢onngsyof gluppl y r
equivalent (Mtoe), up by 28% from the 2000 level of 2.4 Mtoe, and growing annually at 1.9%. The economy
relies heavily on oil and gas as the main energy red@ir%ewas sourced from gas, 19% from oil, and less
than1% from renewables specifically from solar (IEA, 2015). As such, the diversity index usinggldHI show

a moderatdigh concentration having an inde®.GO(Figure 5.1)

Brunei 6s oil supply requirement 0%igthesldastl3 ed an a:

years, from 0.53 Mtoe in 2000 to 0.58 Mtoe in 2013, while its crude oil production level has been declining in
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recent years due to maturing oil fields, decelerating at 7.0% annually (from 2008 to 2013) (APERC, 2015). The
economy hasestmt ed proven oi l reserves of 1.1 billion barr

requirement is projected to exhibit a modest increase of 1.2% annually until 2040 (APERC, 2016).

The economyds natur al gas s uippoL3yfrom its Q000 level me nt r o
of 1.8 Mtoe (2.0 billion cuhieetres [Bcm]), an annual increase of 2.2%. Its annual production only expanded
at a rate of 0.6% over theyi&ar period, which affected export quantity (in the form of LNG) to skmkihyed
sine 2009 following growing do mprevéngas restwanare placed@the ec ol
276 Bcm (BP, 2015). Gas supply requirement is estimated to grow annually at a rate of 2.0% (until 2040)
(APERC, 2016).

Energy intensity (primary energypdypof the economy in 2013 was recorded at 107.0 tonnes of
oil equivalen{toe)per USD million GDP (toe/USD million), higher by 8.6% from the 2000 level of 98.5
toe/USD million.Primary mergy per capita was abodtog/person in 2013, a negligible increase of 0.2%
(from the 2000 level) (EGEDA, 2015).
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From the different supply security indicators used for this study, Brunei earned a 26% index with a
category of moderate leposure, a modest improvetom the 2000 index of 28%kigure 5.2)A low

security index means lowseapply disruptionisk

The economic indicatawhich considered 10 simdicator(one is an external factagceived the
highestisk among the indicators, with an avevaljeof 42% over the historical period. Contributing factors
for thehighindexare the presence of subsidy in oil pricing and oil intensity. Price subsidies pose a risk to the
economy as consumées/e limited or nimcentivao use oil efficientlgivenits low price. On the other hand,
oil intensity obtained more than a S68exwithin the historical period, and the highest was recorded at 68%
in 2012. The economy&és oil intensity in 2013 stood
22.1 be/USD million in 2000t should be noted that thiedexfor this sukindicator is computed based on
the highestand lowesintensity levelfrom APEC economies, as well asrdwrdecdchangeshf{ghestieve)
in theintensity levedf the economyver the historical perio@his subindicator could be improved in the
future with the announcement of Brunei during the United Nations (UN) Climate Summit in September 2014
to reduce total energy consumption by 63% in 2035 through intensified eciergyyeaffeasures (RTB News,
2014).

The oil product diversity stihdicator under the economic indicator healisedmprovement,
from 100% in 2000 as imports mainly came from Malaysia, and then progressively falling to 49% in 2013 with
the entry of othesources. For crude oil, the economy started importing in 2010 from Malaysia, although still

at small volumes. The economyds crude oil productio
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its domestic crude de maasgss Gindisatobfrorh the WoilidBank (WB), theDoi ng B

economy showed a minor decline in 2238% (from 41% in 2000).

Figure 5.2: Oil Supply Security Index, 2000 -13
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The law indicatorcovering four sulmdicators (one is an external facexhibited a decreasing
index(improvement in riskgt 36% in 2013 from 41%in2080uch a trend i s dwue to the
indicator as an external factor, for which the index decelerated to 27% in 2013 (44% in 2000). The rising imports
of oil products from Singapore rather than Malaysia pushethdawsult of thé r u | e sub-ihdichter.w 6
The orule of | awd i s p arotldwidefGoveértaece Indatdr(WSH,svhidhener at ed
evaluates the quality of contract enforcement, etc. In the strategic oil stockjpildigatal the economy
only imposes an obligatotgakholding level for oil products equivalent to 31 days for industry (IEA, 2014).
Howeverthestockholding level is still considered small compared with other APEC economies. The resource
extraction regulation sirdicator had a relatively stafglsultat 36%, although it went up to 53% in 2012.

This subindicator used the Regulatory Climate Index of the Global Petroleum(GBS)yhich looks at

the cost of regulatory compliance including the | eg:

A steady indefor the political indicatavas observed for the economy, an average ah\Z3%he
historical periodThis indicator is made up of six $oadlicators (three each for internal and external factors.
The local stability stibdicator displayed a moderate increase from 25% in 2000 to 28%lovw20itRlex
means higher stabilitghd still under the category of model@teexposure. The local stability-suticator
is generated from the WGI thatalates theossibility of an unstable political climate. Meanwhile, the
exporterds stability declined (35% in 2013 from 49%
lower local stability index. Being a member of the Association of $oisieadNations (ASEAN), the
economy is a party to the ASEAN Petroleum Security Agreement (APSA). Although APSA has been ratified
by all member states of ASEAMw effective the provisions of the agreemerd it yet to be testeinh
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actuakupply disrugon or emergency situatiddowever, it still contributes to lowering the supply risk.

Initially, the social indicatéwith only one sutndicator)demonstrated a downward trénoim
23% in 2000 to 13% in 2003, but rose afterward to reaciig2®¥on 2 01 3.  Toll @nsenption o my & s
per capitan 2013 stood at 1.4 toe/person, a 12% reduction from the 2008 itenial. to oil intensityhé
resulffor this subindicatolis assessed relative tohtyhestnd lowegper capitéevefrom APEC eonomies
and also reflected tbhangeshf{ghest recordéd i n t h epereapitaevehoyed the historical period
T he e c oihconsuynptien per capitas highey 57%than APEC average of 0.80 toe/person in 2013

The technical/technolggndicatorshowed a decreasing index from 20% in 2000 to 18% in 2013
based on the six sifdicatorsone of which is an external fackdainly the oil reservasroduction(R/P)
ratio subindicatorinfluenced the improvement in the index of technical/téofnindicator The sub
indicator index went down to 0% in 2013 (16% in 2000) caused not by an increase in oil reserves, but a reduction
in production. At the current production rate and level of reserves, production could be sustained for 22 years.
The &onomy has set out a strategic action for a more sustainable energy sector which includes a target in
intensifying the upstream and downstream oil and gas activities to maintain the reserves replécément ratio
be at least above 1. The economy interelgoind oil and gas production from about 372,000 barrels per day
(bbl/d) in 2013 to 650,000b 1 / d i n 2035 (EIDPMO, 2015). Given | i mi
refineryutilisation rate (subndicator) is already at full capacity, thus earning a higher index for-this sub

indicator.

The environmental indicator index modestly decreased (16% in 2013 and 18%Tihe2@00)
indicators coverdtie risks from climate change and natisastbas subindicators (botlapplied asternal
and external factorgjhe reduction in risk in this indicatauldbe attributed to the improvement in the
economyds cl-indicator,alown to 4266gn013 (4o in 2001 climate change simdlicator
adopted the Notre Dame Global Adaption Index {BU®IN) covering exposure, adaptive capacity and
readiness in terms of climate change impact. The climate sthEind&ator for exporters (as an external
factor) had a lowndex, primarily contributed to by Singapore and Malaysia with betterNRv@EAIN

index.
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Brunei 6s gas s u pgeh stable a anwaveiade \Bb 2ven thechistoribah mkriod
(Figure 5.3)The law indicatdicomposed of theesubindicatorswith one as an external fagtpained the
highest indethighestrislkgt4® i n 2013 triggered mainly by the econo

indicator in the absence of regasification terminals (RGT) and underground sturagh.tA# economy is

%]t measures the amount of rpservevhase during the year eelgtiveaatideeashourit of oikandcgasmp any 0 s
produced. The ratio must be at least 1 for the company to sustain its business-tertime long
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highly selsufficient as the current gas production is three times its domestic demand, the absence of these

facilities could also pose a security risk for the economy when a domestic supply disruption occurs.

Figure 5.3: Gas Supply Security Index, 2000 -13
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The social indicatérad an index @1% in 2013, from an initially increasing index, which reached
36% in 2011 (from@ i n 2000) . Thi s wa s gas cohslmpgon peeahpidhigh t he eco
fell to 6.0 toe/person in 2013 from a high of 8.0 toe/person in Z0lle e ¢ gascongudion per
capitais significantly higher than other major gas producers APEE region, such as Russia with 2.8
toe/person and the hited Sateswith 1.9 tofperson (both recorded in 2013), which is attributed to higher
share of gas in the primary energy supply mix, about 80% of the totalSm#t3nethodology usedoih

consumption per capieas applied toedermine the index fgias consumption per cagtdindicator.

The index for the economic indicator dropped 2013, from 8% in 200Gnd 4% in 2010.
This indicator took into account six $alicatorsThe major factor for the decrease was the abrupt fall in the
gas intensity stibdicator in 2013, to about 86.4 toe/USD million from 111.1 toe/USD million in 2011 caused
by the lower gas supply requirement recordetidsaid year compared with the phaste (3) years (2010
2012).The same methodology appliedaih intensitywas used to determine the indexgfasintensity sub
indicator.On the other hand, the gas share to primary energy supply had been increasing, resulting in a rising
index for thisubindicator (81% in 2013, 78% in 2000). Government subsidies on gas pricing also contributed

to the economic indicator indasalreadexplained in the oil security

As for the political indicat@amesubindicatorsasin oil security)it earned atable index of8¥s,
on average. The economy®f6s | ocal stability and intern
discussed above (oil security) mainly contributed to the political indicator index. APSA may cover gas supply
security, Hereby the economy received the same index (equivalent to the oil security) for the

international/multilateral agreements on gas security.
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On the other hand, the technical/techngloglicator indexgraduallyncreasedo 18% in 2013
from 14% in 2000This indicator included eight smidicatorgtwo are under external fagdo determine
therisksThe gaR/Pratiosub ndi cat or caused such an increase as th
at a rate of around 2.0% annually over the histoei¢atl, while production had still been going up annually
at 0. 6 %. In 2013, the economyds gas reserves were r

Current gas reservemstill cover the current level of production for 24 years.
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Al though Brunei s crude oil production has been
to cover domestic refinery demand. However, the ecol
(6.4 Mtoe) from the 2000 level (9.7 MtAe3mall amount of imports from Malaysia began in 2010, which
stood at 0.014 Mtoe, and only 0.010 Mtoe in 2013. Meanwhile, oil refinery output also dwindled causing oil
product imports to rise sharply, a severf@drincrease reaching 298 Mtoe in 2018 fsaly 17 Mtoe in
2000. This resulted in an upswing in the import dependency level, reaching 53% in 2012 (3.0% in 2000), but
fell to 30% due to a drop in the oil product supply requirement of the economy. The economy has limited
refinery capacity to metst domestic oil demand, but is expected to expand with the construction of a refinery
and aromatics cracker plant project on Pulau Muara BesatgRhtByith a capacity of 175,000 barrels per
day. The additional refinery capacity is scheduled togeratian by 2019 (BB, 2016). With this expansion,
there would be a shift in the economyds exports, co
(EIA, 2016). Overall, total oil net imports (crude and oil products) remained negative,itedt @x31bb6
declineNet importsm 2013stood at6.1 Mtoefrom -9.7 Mtoe in 200(Figure 5.4)

Figure 5.4: Production, Net Imports and Demand, 2000 -13
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Despite a steady increase in domestic gas demand, and with gas production only growing at 0.6%
annually, Brunei could still export around 80% of its production output, on average. The economy has been

exporting LNG to Korea and Japan, and expanded itstrtaiticlude other Asian consumers such as China;
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I ndia; Malaysia; and Chinese Taipei. As the economy?d
for the power and petrochemical sectors, more of its gas production could be utliissnddeas compet
with LNG exports (EIA, 2016Figure 5.4).

Oil Product Import Sources

Both Malaysia and Singapore l@en major sourcesaf product importor the economy with
a combined share 89% in 2013During that year, Singapdieport share was 52% and Maldystal 7%
At the beginning of the historical period, the economy was heavily dependent on Malaysian imports, which
provided 100% ahedomestic import requiremeriEventually, the share of Malaysia to total imports bega

to fall as imports from Singapared from other sourcetarted to come in 2001

Figure 5.5: Oil Product Import Sources, 2000 -13
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The risks associated with major import sources improved, reaching A224ron2 14% in 2000,
following rising imports from Singapore, which received relatively lower risk result. As the major exporters
came from the APEC region, iRKREC was almost 100% throughout the historical period except in the years
2007 to 2009 witimports outside the region coming from econgsiies as Belgium and Cameroon (Figure
5.5).
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Canada is the second largest economy in the world in terms cddanihaa total population of
36.3 million (2016Theeconomy ds gross domestic product ( GDP) h a
which stood at USD,458.0 billion (USD 2010 Price and Purchasing Power Parity [PPP]) in 2013 from USD
1.127.9 billion in 2000 (WB, 2015 and EDMC, 2015)

Canada is a net energpater endowed with abundant energy resources, both fossil fuel and
renewable energy. The economy is the fourth largest energy produceAsiaRheific Economic
Cooperation (APEC) region and the sixth largest in the world2QE8). The economy is @xporter of
crude oil, natural gas, coal, uranium and electricity (IEA, 2015). In 20iérgtheextor contributed about
11% to the economyds GDP (NRCan, 2016) .

Figure 6.1: Primary Energy Supply, 2000 -13
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The economyds pr i matentin20idkereaghed 283 miljoh yonneseofjaili r e m
equivalent (Mtoe), amcrease of 11% from the 2000 level of 252 Mtoe, due mostly from coal, natural gas, and
crude oil and natur al gas liquids. Al mostdb5% of th
natural gas, expanding its share from 30% inQiD@6ntributiondeclinedo 30% from 35% during the same
period, while codlshare decreased to 8.0% (from 13%glear had a 10% share, while the aggregate
contribution of renewable was slopiiking up providing 18% to the energy supply mix, of which 66% was
hydro resources. From this energy mix, the economy had a diversity index of 0.25 HHI-lgmoderate

concentration) for its primary energy supply (Figure 6.1).
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The oil supply requirement thie economy started to decline in 2004 reaching 78 Mtoe in 2013,
from 95 Mtoe (2004) due to decreasedatidln from oidbased power plants. Oil demand for other sectors
still exhibited an upward trend, 1.2% annually over the last 13 years. Ittésl ghgjeche oil supply
requirement will peak in 2027 and then decline, translating to only a 5.0% increase from 2013 until 2040
(APERC, 2016). The economy has the third largest proven oil reserves of 169.9 hillion barrels (Bbbl), about
97% of which is oflands (NRCan 2016). Likewise, the economy ranked fourth in global crude oil production.
In 2014, its crude oil production stood at 153 Mtoe, translated to an annual increase of 3.1% in the last 14 years.
This resulted in crude oil exports doubling aMt@d in 2014, and import volume decreasing at 1.1% annually

(IEA, 2016). Most crude oil exports went to the United States.

On the other hand, the economyds natur al gas su
(108 billion cubimetres [Bcm]) in @14 from 74 Mtoe (82 Bcm) in 2000, as demand increased for additional
natural gafired generation capacity. The gas requirement is seen to rise at 1.5% annually to 2040, largely for
growing consumption of electricity (APERC, 2016). The economy hadialipstaen reserves of natural
gas estimated at 2.0 trillion cub&tres (Tcm) (70 trillion cubic feet [Tcf]), 1.1% of total global gas reserves.
Although the economy has a small share of global gas reserves, the economy ranked fifth in dry natural gas
production and was the fourth | argest exporter in th
1.0%annually from 200@014 with exportsfalling1.6% annually. Almost all of its gas exports were sent to

the United States via pipeline. Theicgdn in gas production was dueléalining exports

The energy intensity of the econdelyby 22% in 2013, 173.7 tonnes of oil equivalent (toe)
(primary energy) per USD million GDP (toe/USD million) from 223.0 toe/USD million inF2@@ary
energyper capita was about 7.2 toe/person in 2013 from 8.2 toe/person in 2000 (EGEDA, 2015).

/' El 3AAOOEOU

Canadads oi l security -yeargeriod (206B), arbageeage o6109% bl e o v e
index(low exposureto risk (Figure 6.2)A low index igranslated to having lower risk on supply disruption.
The social indicatpwhich only included one sumdicator,hadthe highestisk but at a decelerating trend,
28% in 2013 from 30% in 2000he index was caused by ladltonsumption per capitaird highest in the
APEC region after Singapore and the United Stateg e ¢ @ihconsunftisn per capita2013 stood
at 2.2 toe/person frorthe 2000 levelf 2.8 toe/personThe peak inhes o c i a | ihdextdted mtheo r 6 s
period 0f200520® was a result of théstoricathangeshfghestecordejlint h e e ¢ @il comsumpdicn

per capitaielative tdhe highestand lowesper capita levelf otherAPEC economies.
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Figure 6.2 : Oil Supply Security Index, 2000 -13
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The technical/technology indicagarned amdexof 26% in 2013, from a high of 35% in 2000.
This indicator covered six sumblicator, one of which is an external facftne drop in the
technical/technology indicator index in 2002 was due to the improvement in the oHreskreten (R/P)
ratio from 97% in 2001 to 0% in 2002 as a result of an increase in reserves (180 Bbbls) after oil sands resources
were reclassified poven reserves, and thus technically and economically recoverable (EIA, 2015). However,
the index gradually rose (increased risk) as reserves slightly declineebnty@aydsasis over the historical
period. But with the technology breakthroughd exploration and development, such as horizontal drilling,
hydraulic fracturing and pad dr il | iamdjincreasthecoill ec onomy &
reserves to over 300 BblisAlberta, oil sands accounted for 97% of proven resemgsised of irsitu
recoverable reserves of Bibls through noonventional mining and BBbls by the conventional method
(NRCan, 2016). At the current production rate, the proven reserves could satisfy domestic oil demand for about

140 years, whicloald grow significantly with potential shale reserves (NRCan, 2015a).

The biggest contributor to the technical/technpladicator is the refinemtilisationrate sub
indicatorwithth e economy ds refinery f accapadtfTheemnomyhael@dy oper
refinery facilities with a total capacity of 1.96 million barrels pelinaaly/l) (OGJ, 200615) The additional
refinery capacity of S8ousandoarrels per day (kbbl/d) expected to caminein 2017 will improve the
index(reducing the riskdr this subindicator (IEA, 2015a)Vith this refining capacity, the economy is also a
net exporter of oil products, registering an increase ohAr@fallyIEA, 2015)Me anwhi | e, the econ
logisticefficiency sulindicator obtained a low index of 22% based droisticerformance Index (LPI)

LPI evaluates infrastructure and logistics quality and competence

In the economic indicat@with nine sufindicators under internal factor, and oneisdigator as
external factorjhe economy also showed slight improvelfi@mering of riskat19% in 2013 from 22% in

2000 Improvements were observedtie oil share to primary energy and oil intensityirglibators The
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index for theoil share tgrimary energy stibdicator decelerated to 31% from 35%, and oil intensity to 49%
from 71% over the historical peritrddetermining the indd®r oil intensity, the same methodology used in
oil consumption per capitaas applied.ikewise contributing theeconomic indicator is the crude oil import
sources sulmdicator as the diversity index went down (improvement) from 48% td1@@%&ver, the
diversity index for oil product import sources wadfom 30% to 51% (please see discussion on import

souces below)

The law indicator is relatively stable andadaw historical averagedexof 17%. This indicator
is made up of four stihdicator, one of which is an external fa¢toym the different sulmdicators, the
resource extractiorgulationseceived a high average index of. B#$ed on the Regulatory Climate Index
of the Global Petroleum Sury@&PS)i nvest or sd perception on policy reglt
Quebec and New Brunswick, ledghindexin mild to strong deterrent to investméniéanwhile, being an
oil exporter, the economy is exempted from the International Energy Agency-f&/il%ockpildbased
on net imports (IEA, 2014n 2013, it was reported that the economyirtdstryheldstock equivalent to
around 53 days of oil demand, comprised of crude (65%) and oil products (35%) (APER{ReR(55)
the economy has establishadhstitutional structure and response measures (including policies) to deal with
emergencies such dssapply disruptions (APERC, 201&yen theséacts the economy obtaindtklowest
indices(lowest risk)n the oil stockpiling and emergency preparednessdiochtorsUsing the Worldide
Governance | ndi cat or sindicatéms gn extetnal factod, displayed aa Gipwdrdetrendl s u b
in index, from 28% in 2000 to 35% in 20M4As couldbe attributed to higher indaxdo r ul e o f l awdé fr
Algeria and Iragmongthe sources of crude oil impditsThis subindictor looks at the quality of contract

enforcemenamong other factars

The economy receivételowestndexin environmental and political indicators aithverage of
13% and 12%, respectivdlile environmental indicator is composeavofgubindicators€pplied botHor
internal and external factodghe exposure and readiness to climate glamheatural disast€n internal
risk related tthe climate change sifdicator under the environmental indicator, the ecoabtayned®4%
(averagende®y from the Notre Dame Global Adaption Index (NBAIN) covering exposure, adaptive
capacityandreadines&xternal risk on climate change from import sourceBadsarincreasing and higher
index of 33% in 2013 from 29% in 2A8igherclimate change risks were noted for Algeria, Iraq and Mexico
The highest climate change risk from imgautces was recorded at 36% to 37% when the ecoasstyl
importing from Angola and Russia for crude oil and from Peru for oil mraflitctrespect tohe natural
disaster indicator, the economy received lesa 1t2¥ index for botternal and external (import sources)
The natural disaster sudicator used the Centre for Research on the Epidemiology of Disasters (CRED)

indicator lased on the number of population affected by natural disdstéhne political indicatofwith six

27 The study recognized that there are many rational reasons considered in the idgoisidngéd such as cost, proximity and regional
integration objective. However, as energgdéifiency is always at the top of most government agenda, once the economy sought to
import fuel, it means the supply risk will be subject to externa fadtoh at may be beyond the economyds col
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indicatorsthreeeachfor internal and external factorble local stability stibdicator slightly increased from
28% in 2000 to 29% in 2008w indexmeans higher stabilitgJthough the highest reached 34% in 2005 but
started to go down afteard The local stability stbdicator is based on WGI that evaluates the quality of
governance and political stability of the differeobomiedmprovement irthe local stability suimdicator
means that the economy has been perceived to have a better politic@llsbrmatter the political indicator

is the existence of international/multilataggbementsn oil securityfor which the ecormay earned #ow
resultbeing a member of IE#ith huge oil reservuekhe economy coukkek assistance from IEA mensber
through collective or joint actions during oil supply disruptions (IEA, Qdltfg other hand,thex por t er 6 s
stability subindicator(external factor) for import sourct®wed a highéndex(higher riskpf 35% in 2000

and increased further to 47% in 2@b8, thehighest was at 50% (averageth®period 02003 to 2008 with
increased crude oil imports from Algeria and Alaqaffectingthe political indicator is the chokepoint from

import sources, specifically for Iraq crude oil

S
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Canada received a much higher security index for gas compared with oil, although still low at 22%
(moderatdow) in 2013Figure 6.3)Theindex was relatively stable over the historical period with the highest
indexrecorded at 24%Among the indicators, the social indicétith only one sumdicatoryegistered the
highest indexXhighest riskat 26%, historical average, whioleasuregias consumption per capitdne
e ¢ 0 n ogasycdnsumption per capite2013 reached52oe/person from 2.4 toe/person in 20@milar
to oil, the gasonsumptiomper capita index is affected by the chamhigise6tand lowesgjas consumption
per capitdeve) relative to other APEC economies, as well as the changes he economyds per ¢

(highest recordedyer the historical period

The economic indicatécomposed of six stibdicators all under internal factwal & index vale
of 27% mainly contributed by gas intensity, gas share to primary energy, ampp@asliversityThe gas
intensity sutindicatowass4% in 2013, megligiblémprovement from 55% in 2Q0@eanwhile, the gas share
to primary energy tdeen increasing, from 30% in 2000 to 34% in 281discussed abovke gas supply
requirement grew annually at 1.2% with increasing déwranaower generatioilthough theeconomy
sends almost all of its gas exports to the United States, the emlsn@moyrces nearly all ofgiés import
requiremerstfrom the LhitedSateslin 2013, the bitedSatespr ovi ded 96 % of the econom

from 100% in 2000 until 20Q0he remaining gas imports came from Qatar and Trinidad and.Tobago

The political indicator (same saobicators in oil securitsgceived an index 88% in 2013 (from
22% in 20000T he e x p or t e-indcator FamaNil shawedyan iacuebsing index for the economy
with the entry of Trinidad and Tobago as a ggdisu@\s IEA does not have an agreement yet on gas supply
security, but since the economy has a huge amount of gas reserves, the index in the international/multilateral

agreement stibdicator was set at 50% (half risk)he future, the index for thésibindicator could improve
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once an | EA agreement <covering gas -indicatdarimpldoament ed.

contributing factor (as already explained in oil security).

Figure 6.3: Gas Supply Security Index, 2000-13
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The technical/technolggndicatorexhibited an increasing tréimtreasing riskjom 19% in 2000
to 28% in2011 and then suddenly dropped to 21% in Z6i3ndicator considered eight doticators, two
are under external factdhe reason behind the decline is theRgRgatio subindicator, which was rising
due to depleting reserves, but with additional reserves consideregtlire 28ti@declinedIt was reported
that a total of about 300 Bcm of additional reserves were added in 20082087 levét (total of yearly
increase in reserves) (CAPP, 208§ subi ndi cat or may i mprove further in t
significant deposits ohconventional gas from coalbed methane (CBM), shale gas and tight gas, which could
potentially expand gas reseresording to the US Energy Information Administration (EIA), the economy
has unprovetechnically recoverable shale gas resouraesintll6.2 Tcm (or 572 trillion cubic feet) (EIA,
2015) Most shale gas resources are found in British Columbia, Alberta, Saskatchewan, Manitoba, Ontario,
Quebec, New Brunswick and Nova Scati@reis now drilling and production in the Montney and Horn
River shale basins located in the northeast of British Columbia (NRCaAt 8t 2urrent gas reserves, the

economy0s geauld bepsustaidad éot abdstyears

Anothersubindicator affeting the technical/technolindicatoris natural gas storage capacity
over demand, which hadutlisation rate of around 25% (historical average), while théndidgator on
regasification termisdiad a decreasintjlisationrate, from 8% in 20080 4.0% in 2013The decline was
caused by a decrease in LNG imports from Trinidad and Tobhgy economy s only regasif
(RGT), the Canaport LNG Terminal in Saint John, New Brunswick, which began receiving LNG imports in

2009, has a totehpacity of 34 milliocubicmetres per day (Mcm/d)@anaport2015)As most of the gas

28 CEDIGAZ reported the increase in reserves only in 2013.
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exports and imports were transported through pipelines, the economy also had anutiisat@mgte of

its transborderpipelines, which stood at 63% in 2Gb&fonly 5% in 2000The economy has the largest
network of gas pipeline systemhich is highlinterconnectedith the LhitedS a tpipedin® system (EIA,
2015)In terms of the externédctor in thetechnical/technologindicator, the gas production rates (as sub

indicator) of gas exporters had intensified, with largest improvement seen.for Qatar

The law sulindicator consisting of three indicators (one is an external faigtonstrated a
decliningrendfrom 27% in 2000 to 18% in 201Bhe main contributor to the decline was the improvement
in the emergency preparedness-iadizator as a result of buildiagegasification terminal in 2009, which
providesanalternative or option in receiving gas imp@hs resarce extractionegulationdiad the highest
index as discussed in oil secur it yhada0d@ielage indeksncedr ul e o
the economy relicheavily on gas impoftem the United StateEhe Uhited Stateeceived bower WGI for

enforcement of contract and property rights

The environmental indicat@@ame suindicators in oil securitiipd been stable at 18% over the
historical periodThe climatechange sulmdicator (external factor) for exporters remainedivedyat
unchanged despite the entry of Trinidad and Tobaga lgher indexn climate change from NBAIN.
This was due tthe still huge share tifie United Satesin totalimports the U.S hasalower climate change

index) As explained above, teeonomy hadstable climate change index (internal factor)
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As Canadad6s crude oil production h@&santuagn i ncr e:
export volume increased, while imports decreased. Both crude dilpgoduct exports had picked up
annually ab.3% and3.1%, respectively. Meanwhile, crude oil imports went doWw#diyom 2000 to 2e1
translating to an annual reduction &%4l.However, oil product imports accelerateth@ease of11% for
the sameperiod, ora 3% annual growth rate. As mentioned above
operating at full capacity, and additional capacity is seen to come in 2017. Overall, total oil imports were down
by 12% (same period)Net imports fell by alost three times reachividl6 Mtoe in 2013 fror39 Mtoe in
2000 (Figure 6.4).

On the other hand, despite the reported expansion of gas reserves during the latter part of the
historical period, the §&.6%in20tdsod 200 gradsictiqm tewelda®é t i on was
annual decline. Gas production started to diminish in 2007, from 183 BdrBd¢min 204. This caused
gas exports to decrease2By in 202 (from the 2000 level), while imports built up significarttiyrteen
fold increase 204. As such, net imports (althougiiil negative) increased by4450Mtoe (% Bcm) in
204 from - 89 Mtoe (99 Bcm) in 2000
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For the study periog20062013) Figure 6.4hows the decreased in productionthadsing net
imports resulting from reduceaports to the United StatBdlowing an increase h.S. production of
unconventional gas (from shale gagjith this, the United States has become morsustient in natural
gas (NRCan, 2015b).

Figure 6.4: Production, Net Imports and Demand , 2000-13
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With this development, the economy is intending to diversify its gas market by exporting in the form

of LNG. Such a plamwould require LNG export termina@@urrently, the economy has no operating LNG

export terminalsThere are a significant number of applications for LNG faclliti€ctober 2015, the

National Energy Board (NEB) already approved 22 applecédr LNG export licensedlost of theLNG

projects are located in British Columisith some in Nova Scotia, New Brunswick and Quebec (NEB, 2016)

However, NEB noted that the issuance of licenses is not an assurance that the LNG facilitiest a4l be

this is determined byarket conditions

Crude Import Sources

Canadads diversity index for crude i mport sour C«
having very diversified import sources (Figure 6.5). The index was initid@hHatl 042000 wherthe
economy was getting a significant amountofritas d e o | i mports from Norway. THh
oil to total supply dwindled to 11% in 2013 with the entry of other sources such as, Iraq, the United Kingdom,
Saudi Arabia, &kico, etcln 2013, the United States was the largest supplier of crimgodi to the
economy providing about 20% of the total. Other major sources were Algeria (12%), Iraq (12%), Norway
(11%) and Saudi Arabia (10%).

The risk associated witajorimport sources was still considered low at 16%. Although there is
high risk importing from Al ger i a -iraicators), theaogeral(riskx por t er ¢

was offset by imports from lewgk sources such as Norway and the UnigeesS
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As the economy sourced a huge portion of its crude oil imports outside the APEC region, the intra
APEC import share remained at a low level during the historical period. In 2013 AR&@iraport share
was only 23% of the total crude oil imports, wias largely contributed to by a higher share of crude from

the United States.

Figure 6.5: Crude Oil Import Sources, 2000 -13
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Oil Product Import Sources

The United States $laeen the major source of aibguct imports providing more than tirds
of the oil product imports during the historical period. Initially, the United States only contributed about half
of the oil imports in 200@nd increased to 70% in 2048the economy relied heavily on ingpéom the
United States, the diversity index was high at 0.52 HHI from 0.30 HHI in 2000 (Figure 6.6). The remaining
import requirements in 2013 were met by the Nethe(fafds, Mexicd3.0%), the United Kingdom (3.0%)
and Finland (2.0%). The increaggubrts from the United States displaced a portion of imports coming from
other sources. Within the historical period, the economy also imported oil products from other European
economiesuch as Belgium, France, Italy, Lithuania and Norway. At somePpaintand Russ&so

contributed to the import requirement of the economy.

The level of risk from oil product major exporters was still low at 11% as sources were from low
risk economies in Europe and the United States. Meanwhile, tA@ E@ramport share was high at 77% in
2013 from 62% in 2000, which was basically contritoute the huge import volume from the United States.
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Figure 6.6: Oil Product Import Sources, 2000 -13
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As the economy is heavily dependerthetunited Satesfor gas imports, the diversity index in
2013 was high at 0.d611 froma high ofL..OHHI in 2000 until 2008 igure 6.7 'he index modestly declined
when gas imports came in from Trinidad and Tobago in 2009, and the following year fr&isk)atemn

gas eporters was low at 11% duehe large share tife United Satesto totalgasmports, despite the high
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Figure 6.7: Natural Gas Import Sources, 2000 -2013
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Chile is one of the two Adracific Economic Cooperation (APEC) member economies in South
America, and the ontlgember of the Organization of Economic Cooperation and Development (OECD) in
this subregion The economy occupies a land area gd@86 squardilometregkm?2) witha total population
of only 18 million in 2018 the same year, gross domestic pro@izP} was registered at USD 361.4 billion
(USD 2010 Price and Purchasing Power Parity [PPP]), which grew at a ratarofudi8ftom the 2000
level(WB, 2015; EDMC, 2015).

Having limited energy resources, Chile is heavily dependent on energini@@b8tsotal energy
imports accounted for about ttrards of the 38.7 million tonnes of oil equivalent (Mtoe) total primary energy
supply of the economyhe bulk ofits primary energy supply requirement was oil at 41%, coal at 17%, gas at
10%, and remeables at 31%, mostly biomass (80%) and hydro @ré%)the primary energy supply mix,
thediversity index of the economy in 2013 was aHBHR@moderatdow concentrationpaid index went up
in 2007 following a sharp increase (40%) in oil suppiseragnt specifically for power generat{bigure

7.1)

Figure 7.1: Primary Energy Supply, 2000 -13
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The economyds oil supply requirement expanded r
2000, a yearly increase of 3Q#%maintained a stableast of 40% to primary energy suppihthe period
20002006, before goingp to 54% in 20Q&nd then gradually declined to reach 40% share level again 2013.
The economyds proven oil r e stenbb}, evlsich alleveeesmipdmaunte d at 15

of oil production, an average of Biihbbl (0.5 Mtoe) annually from the historical period (EIA, 2015; IEA,
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2015) As such, the economy relies heavily on oil impdwsoil supply requiremestprojected to increase
at 1.7%annuallyntil 2040 (APERC, 2016)

Natural gas supply requirensatisplayed a downward trend, declining at a rate of 1.9% in the last
13 years, due to decreasing demand for power generation and a portiemergyapplicatioHistorically,
gas demand for p@r had been dwindlimg a result of displacembytcoal generatiomhe economy also
has modest gas reserves estimated at 96.Zbiicmetres(Bcm) (3400 billion cubic feet [Bcf]) (EIA, 2015)
In the APEC Energy Outlook, gas demand of the economy is expected to grow much higher than oil at 2.7%

annually due tthe expected increase in demand from industry and residential sectors (APERC, 2016)

The economyds ener ggyofenengiteehpsriUsDymilieraGDP ta@/USDL t onne
million) in 2013, an improvement of 9.4% fitbe2000 levelf 118.2 toe/USD million in 2018leanwhile,
primaryenergy per capita increased by 32% in 2013, 2.2 toe per person (toe/person) from 1.7 toe/person in
2000 (EGEDA, 2015).

z N z
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Chileds oil secur ity i ndlevexposare with algstorit@ averdge as hav
index of 32%{Figure 7.2)A low indexmeandower risk on supply disruptioh slight increasia the index
(33%) wasobserved in 2007 and 2008mong the supply security indicatotise political and
technical/technologindicators obtained the higheskat 40%each in 2013

Under the political indicatfwith three suindicators each under internal and external fatters)
local stability suimdicator received 3% index in 2018high index means lower stabiligsedon the
Worldwide Governancéndicator (WGI) by the World Bank (WB) on tlikeliood of having annstable
political environmen#t the beginningf the historical periodheindicator showed decliningtrendfrom
the 2000 levgi2%) down to 33% in 2003, and afsedgraduallyisinguntil 20130n the other hand, the
e X p o rstabdity @xernal factor) simgicator demonstrated an improveméso in 2013 from 53% in
2000 The economy has been dependent on crude oil imports from its wéigfdmmnomiesvithin South
America, of which some of them earadigher indexn their respective local stability index (likelihood of
political instability)Vith the entry of other sources of crude oil sutheadnited Kingdorand Canada, the
dependency on crude oil from South America slowly decreased over the histori¢al greriod, 70% in
2013 from a high of more than 80% in 2000, wdacised the stibdicatorindexto fall. This was also
contributed to byincreasing oil product imports from the United States, 90% of total imports in 2013,
displacing imports from Perrgentng and Korea The United Statebenefits from a bettédocal stability

situationcompared with otheil product expogrs
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Figure 7.2: Oil Supply Security Index, 2000 -13
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Although already a member of OECD since 2010, the economy is not yet covered by the
International Energy Program (IEP) under the International Energy Agency (IEA) Agreement, which contains
regional oil supply security agreemergugls, the economy had a higtexin the international/multilateral
agreements on oil security-sdticator (political indicator). This salicatoris expected tonprove as the
economy is a candidate member of & when membershigpgrantedwill be included in the IEAKP

(APERC, 2015).

The technical/technolggndicatormoved up to a high of about 4586lex valudetweerthe
period20072009 from 38% in 2000, and then slowly went down to 40% irnmB®&liBidicator included five
subindicator under internal and one as an external f&ctcin. a trend/as caused blye refineryutilisation
rate subindicator, which was initially at 87% in 2000, and progressively reached full capacity (100%), and
decelerated in 2010 until 2013, which stood atB&ecline in refinerytilisationrate was offset by an
increase in oil product imports andearease in crude oil imports during these pefindther contributing
factor is the oil reservproduction ratio suindicator The index for this suimdicator significantly rose
beginningn 2007 at around 40% from 18% in 2000 as the economy ekjiarmlede oil production even
with no additional oil reserves findirgsthe economy has limited oil resoutbexil selfsufficiency sub
indicatorhadthe highesindex(among the sulmdicatordor technical/technolggindicator), around 93% to
97% (highindexmeans lower sedtifficiency levelpver the historical perio@iven its minimal oil and gas
findings, the economy has intensified its promatioailfand gas exploration and production through the
National Pgoleum Company (ENAP) to double hydrocarbons production by Pl8@Ceconomy has
increased exploration investment through ENAP with a budget of arou@®QiBilion annually until 2020
(ENAP, 2014 & 2015)

The law indicatofconsisted of four stibdicator, one is an external facgay a slight decline in

index 38% in 2013 from1% in2000 Under this indicator, the oil stockpiling-sudicator received the



Oil and Gas Security Indexation

highest index at 88%he economy does not hold any strategic oil stocks, but thereatemytdigpckor oil

industry participants, equivalent to 25 days of sales based ondixenpeths (APERC, 201%s for the

resource extraction regulation-sudicator, the econoniada relatively low index of 27% in 2013 using the
Regulatorlimate Index of the Global Petroleum Su(@BS)that assesses regulatory quality such as cost

of regulatory compliance, and transparency and fairness of the lega#Asysteamternal factsr t he or ul e
of | aindécatas improgdto 37% in 2013rbm 53% in 20Q0his couldbe attributed to increased crude

imports from other sources outside South America and the expanding oil product imports fnitedthe U
SatesThear ul e of | awd i s one othequdlitgofantract enforeement, propertye WGI ¢
rights,etc

The economic indicatawhich covered 10 sirfdicatorsgained a historical average of 318é
economy, being highly dependent on imported oil (total oil sugpdy}ecthe highest indexaluein theoll
ne imports over demand suddicator, nearly 100%, among theiadizatorsHowevertheoil intensity sub
indicator displayed a decreasiegd down to 58% in 2013 from 67% in 200is subkindicator is assessed
relative to the oil intensigvel(hichestand lowesntensity levet)f other APEC economies, and the historical
changesghighest recorded)n t he economy.bs 20L13jntkhkasetgnomyeés oil
by 11% from 49.2 toe/USD million in 2000 to 43.8 toe/USD milli@0138 In terms ofthe diversity index,
the crude oil diversity sirmicatordeclinedver the historical period due to the entry of other import sources,
while the oil product import diversibsewith heavy reliance onJimportsThe O Eas eu oifnd@dosdh g B
subindicator by WB showed improvemat28% in 2013 (45% in 2000)

Thee ¢ o n dnerga8irsgil consumption per capitesulted triggered teecial indicatatisplayed
an upward trendincreasing riskjeaching 23% in 2013 from 16% in 20000 i t i al | y, oilt he econ
consumption per capiita 2000 was at@Btoe/person and slowly went up to@t&e/person in 2013 little
above the APEC average of 0.80 (20b&pil intensity s based on ot loieconsunptiBlC e c on o mj

per capitdeveland t he hi storical changes in the economyds p

On the other hand, the environmental indicator exhibited a downwar@éaimdng riskhaving
the lowestindexvalueamong theother security indicators, only 17% in 2013 (222008) This indicator
included exposure and readiness to climate change, and natural disasteticetosabapplied both as
internal and external factoFle main contributdior the decliris the climate change satdicator for both
internal and d&rnal factorsT he economy6s <c¢l i mate change indicator \
34% in 2013, which means there was significant pro
readiness fotlimate change impa@he climateehange sumndicator for externghctors(import sources)
also made improvement with imports ftbelUS Canada anthe United KingdonT he climate change index

is based on the Notre Dame Global Adaption Index@XIN).
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Chile gained neattyesame levelf risk(asin theoil security) in gas supply security alitistorical
average indexof 31%, which is underthe moderatdow exposure -categorgFigure 7.3) The
technical/technologindicator obtained the higheisk at 51% in 2013updermid-exposure categoryhis
indicator is made up of eight snbicators, of which two are under external fa€ter.index showedn
increasing tren@ncreasing riskgaching 51% in 2013 §81n 200Q)One factor affecting this indicator is the
gas sélsufficiency suindicator, which deteriorated over the historical peésiad to30% in 2013 from 69%
in 2000 as domestic gas production and reserves d@chineds was despite the decreasce
supply requiremertiowever, gas sedfifficiency may improve in the near term with the developntbst of
economy 6s Ma g anthesouthers region of Tierra debFsiegm aitbstimated initial flow rate
of 119 milliorcubicmetres per day (Mcm/d) (4.2 billiazubic feet per day [Bcf/dyf shale ga&lA, 2015).

The expandingtilisationrate of regasification terminals (RGT), as-mglidator, also contributed
to the increase in the technical/technpindicatorThe RGTutilisationrate went up significantly, from 18%
in 2010 to 64% in 2013. The economy operated its first RGT in 2009 with a capacity of 3.7 hillEmesubic
per year (Bcmly), and in succeeding yelisd?.0 Becm/y. Through the RGT, the economy was able to begin
importing LNG from Trinidad and Tobago, Yemen and Qatar, and in previous years from Equatorial Guinea
(EIA, 2015). Having developed LNG import facilities coupled with declining gas imports from Argentina via
pipeline whichwere drastically reduced to ahly% in 2013. This led to a decrease itrahebordergas

pipelineutilisationrate to less than 1.0%.

Figure 7.3: Gas Supply Security Index, 2000 -13
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As for external factors in the technical/technology indicator, the gas production rate of exporters as
a suhbindicator improved to 4.0% in 2013 from 19% in 2000 with the diversification of gas import sources.
However, the LNG export terminal utilisattate of LNG exporters was nearly at full capacity in 2013, thus

leading to a higihdexfor this sukindicator.

The politicalndicator{same indicators as in oil securigprded a stahiledexat39%,0n average
over the historical period the absence of international/multilatagreementsn gas security, the economy
received highindexin this sukindicator Similar to oil security, the economy has a pending application to be
a member of IEAAlthough the IEAIEP does not yet covegas, with the growing share of gas in the global
supply mix, it may be considered later on in the profinee x p o stabiity sidmdicator (external factor)
using the WGI onhe possibility of annstable politicaituationramped up to 53% in 20{89% in 2000)
with the entry of Yemen LNG, but somehow soften by Trinidad and Tobago and Qabatteritbcal
stability As the share of Middle East gas increased, the chokepéntisator also pushed.up

On the law indicatpcomposed of threzibindicators (one is an external factbB index dropped
(decreasedrisklo 34% in 2013 from 42% in 2000. The primary
gas emergency preparedness, which improved with the introduction of RGT in 20dCe ®heihor t he or u
of | aimdéctordextérnal factor) of the gas exporters only modestly moved up, 56% in 2013 from the 2000
level of 54%, despite the gas coming from Yemen, which received the higheatiemebe ©f law) among

the gas exportersuoffset by the gasportsfrom Trinidad and Tobago and Qatar).

On the other hand, the economic indicatgth six subndicatorsalso sheed a decreasitrgnd
(19% in 2013; 28in 2000). The dwindling gas intensity is one of the factors foingeetalhomic indicator.
The economy®ds gas i ntensi tfrgm 2.2 ©ggUSB ynidiah in2000 to ri®@r ov e me n
toe/USD million in 2013Similarly, the gas share to primary energy supply diminished to 10% in 2013 (21% in
2000)The gas impodiversity suindicator also reatid an improamentfrom initially 200% (with one source
of gas imports), down to 24% in 2011 and started to go up agaimiseth BNG imports from Trinidad

and Tobago.

The environmentatdicator{same suindicatorsasfor oil securityyvent down byhreepercentage
points in 2013 (19%) frothe 2000 leveThe factor effecting the decline is the climate changedgtdior
(internal factor) of the economy as explained above in oil skaaityhile, the climate change Sudlicator

for the gas exporters, as an external factor, earned anavi9%ge

The social indicatas the lowest(lowest riskamong the other indicators, areinbnstrated a
downward trend (10% in 2013 fron¥%dl 200Q)This couldbe attributed to thdeclinen gas consumption
percapitawhichdecreased by 33% from 0.34 toe/peind?000to 0.23 toe/persoim 2013 wellbelow the
APEC average (0.46 toe/person in 2000; 0.58 toe/person in 2013)
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With limited oil resources, Chiledsnsidered to ba minor crude oil producer, thus highly
dependentonimpott€r ude oi | i mports provided ar odowaler, 98 % of t
crude oil imports had slowly decreased, @rg%aallyfrom 2000 to 2013, which was compensated by an
increase in oil product impaorget imports for oil products rose 11% annually, which stood at 7.7 Mtoe in
2013 The economy has three refinery facilities with total capacitytbb@2andarrels per daikbbl/d),
and was further increased to 333 kbbl/d in 2014 (OGJ318)00h e economy 6s exi sting ref|
produced around 55% of piloduct demanih 2013 (APERC, 2018&)verall, total net oil imports (crude and
oil products) went up by alstd0%, which stood at 16.4 Mtoe in 2013 from 11.1 Mtoe i(R2Q0& 7.4)

Having modest gas reserves, the economy is able to praglacemall amount of gas. However,
gas production declined by 50% in 2013, which was recorded at 0.81 Mtoe, [@®3rBitrm 2000 level. But
with the falling gas supply requirement as a result of displacement from coal for power generation, gas imports
slightlydeclinecannually at a rate of 0.9% (Figure 7.4). Total gas imports of 3.3 Mtoe in 2013 provided about
80%d the economyds gas requirement (I EA, 2015) . The
United States by 2016 with the foreseen operation of the Sabine Pass LNG export terminal (EIA, 2015).

Figure 7.4: Production, Net Imports and Demand , 2000-13

18
15

12

Mtoe
o

3
0 il _

Production Netimport Demand Production Netimport Demand Production Metimport Demand Production Netimport Demand
2000 2013 2000 2013

il Gas

VoA |
@A A

Oy

OAAO EI OAOT AGEIT T Al AOT EAOOS
0w2# AT AT UOGEO AT A )Yw!' 7101 A %l AOcU 30A0OEOOEAQ

o
317 %2# AT AT UOEO AT A )w' 7101 A % AOGU 30A0EOOEAO ¢tuws

Crude Import Sources

Chil eds diversity index for c¢r u4ancenotiation(@49spl ayed
HHI) to moderatdow concentratin (0.21HHI) (Figure 7.5)From nearly 70% import dependency on
Argentinian crude oil, the economy was able to diversify its smotbesssuch ashe United Kingdonand
Canada, angrevioushfrom ColombiaPeru and Turkeyn 2013, Ecuador was tlaegest supplier of crude

providing 34% of the total importSther major suppliers were Brazil (23%€,United Kingdon{11%),
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Argentina (9%) and Canada.(96).

Figure 7.5: Crude Oil Import Sources, 2000 -13
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In terms of risk associated with the major exporters of crude, the economy was able to reduce the

risk to 19% in 2013 (24% in 2000) due to the entry of imports from the United Kingdom and Canada, and the

reduction of imports from Argentina. Considerind tha economy is dependent on its neighbouring

economiesintraAPEC imports remained low, although it expanded to 13% in 2013 (2.0% in 2000) largely

contributed to by Canada imports.

Oil Product Import Sources

The United States has become the major source of oil product imports for the economy, beginning

in 2004 with about half of total oil product imports. The share of the United States to total imports aggressively

increased to 90% in 2013, from 20% in 206plagding imports coming from Argentina and later on from

Korea and Japan. Given this, the diversity index worsened to about 0.81 HHI in 2013 from only 0.25 HHI in

2000 (Figure 7.6). However, the risk from major sources dropped by half following sieeimnicre@rts

from the United States. The risk level in 2013 stood at 12% from 25% in 2000 when the bulk, about 38% of

total imports, came from Argentina. IPMREC imports expanded to 96% in 2013 (54% in 2000), which was

also contributed to by import®fn Japan; Korea; and, Peru.
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Figure 7.6: Oil Product Import Sources, 2000 -13
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Gas Import Sources

Figure 7.7: Natural Gas Import Sources, 2000 -2013
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Initially in the historical period, the economy sourced its gas imports mainly from Argentina via
transborder pipelines. But with the development of a RGT in 2009, the economy started receiving gas imports
in the form of LNG. Eventually, the share of Atgean gas fell to about 1.0% of total imports in 2013 (which
was also due to declining gas production of Argentina). It was replaced by LNG imports from Trinidad and
Tobago with more than 80% share in total gas imports in 2013, Yemen with 11% anithQla®&6.w
Equatorial Guinea was also a major source of LNG imports until 2012. With the changes in import sources,
the diversity index improved from 1.0 HHI in 2000 to 0.24 HHI in 2011, but climbed to 0.72 HHI in 2013 as
the economyds L Ndatraiednpooeroh Frinidad ane Toltagon(Eigure 7.7). Risk from gas
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exporters worsened to 34% in 2013 (24% in 2000) caused by gas imports from YeARBClimnaorts
were only noted in 2010 (4.0%) as a portion of the LNG imports came from the Unit€d.@emd

Indonesia (2.0%) during this year.
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China is one o éconbnhiemccupying la dofalsland asen gf @.6 million square
kilometregkm?2) with a total population of 1.4 billion in 2013 (NBS, .2Di&)econony gross domestic
product (GDP) in 2013 was recorded at USD 15 700 billion (USD 2010 Price and Purchasing power parity
[PPP]), which grew by more than thimees fromthe 2000 levéWB, 2015; EDMC, 2015).

The economy is also rich in energgueces both in fossil fuels and renewable embggconomy
has total coal recoverable reserves of 114.5 billion tonne®{t)oil reserves of 18.5 billion barrels (Bbbl),
and naturagjasproven reserves of 3.5 trillion culvietres (Tcm) (BP2015) The economy has algeeat
potentiafor unconventional fossil fuels, specifically shale gas, which could boost its energyHeseweres
the economy has relatively low reserves per capita compatedgidtbalaveragé coal at 84 tonnesrly
68% ofthe globahverage), oil at 13 barrels (5.6%) and naturalgB9atubienetres (cm) (9.9%)

Figure 8.1: Primary Energy Supply, 2000 -13
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With expanding economic activity, theeoondd s pr i mary energywithupply su
almostathreefold increase frol61 million tonnes of oil equivalent (Mtoe) in 20B)@P Mtoe in 2013
The economyds energy supply mi-thirdsofatise tofalen®0l3 Qlo mi nat ed
contributed 16% tthetotal supply mix, gas 5.0%, and renewablefi®dtich 25% was hydro (IEA, 2015)
With this, the ec onmmegniasion diversity ingex based on iHidDH0ina2016i d
(Figure 8.1)
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The oilsupply requirement of the economy displayed an upward trend, which doubled in 2013 (486
Mtoe) fromthe 2000 leveadf 221 Mtoe, equivalent &m annual growth rate 6% The economy is the
w o r kedoldslargest oil consumer, and second largestropoeer (EIA, 2015}t is projected that the oil
supply requiremeniill peakpost 2030and stagto gradually decline due to continuous structural optimization
of traditional industrgectorsand the implementation of energy efficiamgyovementsha help reduce oil
demand in other sectors, as well as the expanding sharerwdrgpitensive manufacturing compared with

the declining shares of most intensive sectors (APERC, 2016).

Like ol, thegas supply requirement went up significantly at &69ea@r from 21 Mtoe (23 billion
cubicmetres[Bcm]) in 2000 to 140 Mtoe (156 Bcm) in 2013 as a result of growtiigagamin theindustry,
transport and building sectors, thus incredisangas share to 5.0% of the primary energy supply mix from
only 2.0% in 200@lthough domestic gas production had increased arir%llythe economy started to
import gas in 2006, and it increased enormouaty’&% annual growth rate reaching 42 Mtoe (47 Bcm) in
2013 from merely 0.8 Mtoe (0.9 Bcm) in Z0@®futuregas supply requirement is projected to expand further,
increasing annually at 5.5% until 2040 and increasing its share to 13% of the energy supply Téigirement
couldbe attributed to the replacement of coal by gt industry and buildg sectors, and the capacity

expansion of gdged power plants (APERC, 2016)

Energy intensity fell by 25%, which stood at 191.7 tonnes of oil equivalent@s)ggyUSD
million GDP (toe/USD million) in 2013 compared itk 2000 levelf 255.1 toe/USD million based thre
primary energy supply requiremierthe same year, enecgypsumptiomper capita more than doubled, which
registered at 2.2 toe/person from 0.9 toe/person in 2000 (EGEDA, 2015).

~
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Over al | , sectty imdeisdstll at onoderatéow exposure with an index valuegé¥o in
2013(Figure 8.2Earning a low index means lower expasusepply disruptiomisk However, it may be
noted that the security index had beéeteriorating (increasing inded thus the riglover the historical
period, from 31% in 2000

The law indicatdradthe highestiskamong the sixdicators at 48% (mikposureo risk), which
was relatively stal{iguring the historical periodhis indicator covered fosubindicators with one as an
external factor in determining the risk I&ues. oil stockpiling stilbdicatorobtained the higheistdexunder
the law indicator at 82% as the reported oil steetesabout 30 days of domestic demand, considered low
compaed with other APEC economies (APERC, 20183 subindicator will be improved in the near term
as the economy intends to build more oil storage capacity for strategic reserves that could hold at least 500
million barrels of crude oil by 20Z0e plan ceers threg@hases with the first phase completed in 2009 with

103 million barrels of storage capacity; the second phase with 170 million barrels in 2017; and, the third phase
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with 232 million barrels in 2020 (EIA, 2015) a goal, the economy would tikéhave strategic reserves
equivalent to 90 days of net imports (APERC, 200Eently, the economy holds about 350 million barrels
of commercial crude oil storage capacity (EIA, 2008D15, the economy had an estimated 191 million
barrels of stratégcrude oil reserves located@venaboveground facilities and onmderground facility,
which were built up at a time of lowpices(FT, 2015; Reuters, 2014)s0 being considered is to have a
minimum stockholding obligation on industry underNagonal Petroleum Reserves proposed, the
National Petroleum Reserves shiw@ldomposed of government stocks and obligatory industry stocks for
both crude oil and petroleum produ¢EsA, 2014)

Figure 8.2: Oil Supply Security Index, 2000 -13
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The other sulindicator that contributed to the higldex valuéor the law indicatas the resource
extractiorregulationsThe resource extractioeguationssubindicator wa$7% in 2013 from 52% in 2000,
based on the Regulatory Climate Index of the Global Petroleum (SiR8ithat evaluatethe quality of
regulations such as regulatory compliance and enforcAnhigtierRegulatory Climate Index means that
some investors perceived the existing regulations could discourage inkeisthentvi se, t he orul e o
indicator as an external fagfior import sourcesjlso had a high index, 48% in 2000 to 52% in @818
the Worldwide Governance Index (WGI) of the World Bank (WB), specifically on the quality of contract
enforcement and property rights of the diffeemainomiesrevealed that oil exporters to the economy for
both crude and oil products had gained higiseitsno r u | e.6lrophrticular, wngola and Irandhagher

indexfor crude oil, and Venezuela for oil products.

The political indicatareceived an index ob% historical average (46% in 20C8ntributing
factors for this indicatoare the local stability, @xo r t s&abililys(import sourceshhe absence of
international/multilateralgreementsn oil securitgnd piracy (both as internal and external fadtbeslocal
stability subindicator, based on WGI regarding perceptiorntheitkelihood ofpolitical instabilitysose to
61% (moderathigh risk in 2013 from 55% in 2008 highindex means that the economy aémsgh



Oil and Gas Security Indexation

perception on thikelihood of havingn unstablgolitical climateAs for thee x p o stabiity sitidicator
(external factor), thedexwasmore than 50%, as some exporters to the ecomersglsoperceived as not
having a better political environmdihie chokepoindubindicator (external fact@lso posed a ris&lthough
wasstill lowat 11%, on averagdyased orthe share to total imports, specifically from Middle East import
sources and Angolas the economy has no known international/multilagrabmentshis sukindicator is

high as well

The technical/technolggubindicatorshowedan increasinggend(increasing riskjrom 24% in
2000 to 4% in 2013 from moderatdow exposure to miexposure to riskYhe indictor included six sub
indicatos (one is an external factoFhe oil reservegsroduction(R/P) ratio subindicator was among the
factors that contributed this upward trendDver the historical period, this sadicatorwent upfrom 0%
in 2000 to 43% in 2008 and started to gradually go down to 21% Thz0dduldoe attributed to continuous
growth in oil production to meet domestic demand, but no additional reserves came in as oil fields were
maturing, thus the resern@sduction ratio was risin@nly in 2009whereadditional oil reserves were
accounted, and ayeyear thereaftethereweremodest additions to reserves until 20lBe economy &8s o0
fields are matudeand now likely to experience declining produdtiowever, the use of enhanced oil
recovery (EOR), new production from offshore and small diesowegxisting basins contributeemodest
increase in reserves and producilibe economy has been investing on EOR techniques (i.e., water injection
and polymer and steam flooding) for the mdfiigtls to make up for declining productiérthe eonomy
wants to enhance its oil reserves and production, huge investment would be required for developing new oil
fields indeepwaterand tight oil extraction (EIA, 2018} current oil reserves, production could be sustained

for up to 16 years

Asdomestic oil production could not cat<h up wit
sufficiency had been stiyadeclining withmport dependendpcreasg over the historical periodls such,
this subindicator under technical/technojogentup to 57% in 2013 from 24% in 2008e cude import
dependency level rose to 58%2013from 28% in 2000, although import dependency on oil products
remained alow level, only.8% in 2013The low dependency on oil product imports was crediteding ha
large refinery capacity, more than enough to meet dae@sitiementsn 2013, the refinemytilisationrate
stood at 71%The refinerytilisationrate sukindicator is seen to furthenprovewith the addition of 680
thousandarrels per day (kbbl/d) refinery capacity in 2015 (EIA,.2015)

On the other hand, theansborderoil pipelinautilisationsubindicator showed an increagiegd
which significantly surged from 0% in 2005 to 100% in&@ithcould be translated full capacity pipeline
operationThe economy operated its firsinsborderoil pipeline in 2006 to receive imports from Kazakhstan
and Russidnitially, the pipeline capacity was 200 kbbl/d and expanded to 400 kbbl/d An@8&i&trans
borderpipeline was built in 2011 to transport oil imports from Rfissia east Siberian new oil figld$e

pipeline is &97mile spur line, which cateliver 300 kbbl/d of Russian.dihis subindicator could be
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improved as new oil import pipeline wasnstructed in 2015 with a capacity of 400 kbbl/d connected to

Myanmar oil field§ hispipeline is also planned to servaradternate transport route for Middle East crude

to avoid the Strait of Malacca as a potential chokefrainnd 80% oftheeconmy 6 s cr udasssoi | | mpor
through this route (EIA, 2015)

The economic indicatqmwith 10 subndicatos) remainedsteadyat 35% One of the main
contributors to this indicat@thetotal oil net importover demand sdidicator, which the indésadbeen
constantlyising reaching 62% in 2013 from 34% in 200G was a result of growing reliance on imports,
specifically for crude oil as explained afidheeoil intensity suimdicator also obtained a higisult a61%
in 2013, but had droppsdynificantly from a high of 83% in200he economyds oi | i ntensi
36%, from 48.6 toe/million 2010 USD in 2000 to 30.9 toe/million 2010 USD iM2etiBceil share was
recorded in power generation, industry and even transport, digdtddathe oil intensitfhe oil intensity
subindicator idletermined relative to theensity levedf other APEC economidbighestind lowest and
thechangeshfghest recordédh thee ¢ 0 n 0 my 6 kevelovartthe missorical periothed Eas e of Doi ng
B u s i n e-indicator fronbWorld Banldeterioratedifiproved by 11 percentage points, 40% in 2013
from the 2000 levealf 51%, whilgéhe oil pricing subndicator, which considatthe presence slubsidieas

a potential riskyaslikewise high

As t he aitconsumptiproper capited beemising over the historical periodgadused
the social indicatgonly theoil consumption per capéa a suindicator}o increaseaggistering 21% in 2013
from only 186 in 20000il consumption per capiteas recorded at 0.18 toe/person in 2000 and went up to
0.36 toe/person in 201@/hich were below the APEC average (0.78 toe/person in 2000; 0.80 toe/person in
2013).The same as the oil intensity, theil consumption per capitadex is measured based ondlie
consumption per capith other APEC economi¢isighesaind lowesievel) and the historical variatiormer

capita level of the economy

With regard téheenvironmental indicator, the climate changénsiidator (internal factor) of the
economy earned 41% in 2013, lowemibg percentage point frothe 2000 levels reported bthe Notre
Dame Global Adaptation Index (ND GAINhe decrease couldbeseemas i mpr ovement i n the
exposureadaptive capacindreadiness foclimate change that could have impact on oil supply security
Therewasalso improvement in the climate changeirglibator (external factor) of oil exporters to the
economyfrom 44% in 2000 to 40% in 2013
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The average gas supply security index is also within the Modesafmsure, aralbit lower, at
33% in 2013, than the oil security ingflégure 8.3)However, a significant jump in thecurityindexwas
observedn 2006at 30%, from 24% the previous yeHne increase in 2006 was triggered mainly by the
technical/technologndicator, whiclvas4d4% in 2013jpfrom only 16% in 200The index for thigdicator
also sharply went up to 39% in 2006 ftieenpreviouyead level of 19%This indicator covered eight sub
indicators with two under the external factorh e f act or s t hat pushed up the
regasification terminal (RGijlisationrate and théquefied natural gasNG) export terminal @tilisation
rate of gas exporters (external factoliBindicatorsThe economy constructed and operated its first RGT in
2006, and since then gas imports in the form of LNG sdrgethticallyThe economy became the third
largest LNG importer in the worldfter Japan and Korea, representing around 8.0% of global LNG
consumption (IEA, 2015)s LNG imports grevthe RGT utilisationrate increased from 23% in 2006 to 50%
in 2013the highestitilisationrate was recorded in 2010 at /R&T capacity in 2013 stood at 48 biliobic
metres per year (Bcmly), and expanded to 54 Bcm/y the followingAgkhitional capacity of 45 Bemly is
expected to bim operatiorin 2017, which could improve the inftaxthis subindicator in the future (EIA.
2015) Meanwhile, the LNG exporter termindilisation rate subindicatorlikewiseearned a high index as
LNG terminals of gas exporters showed higkiggtionrates, such as Qatar and Austriligther, the
e ¢ 0 n aurdergreund gastorage capacifgubindicator) wa nearly at full capacihence receivedd7%
indexin 2013

Figure 8.3: Gas Supply Security Index, 2000 -13
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The economy had ramped up its gas imports via pipeline, exceeding LNG imports. As a result, the
utilisation rate of existing gas pipelines had been increasing during the historical period, recorded at 42% in
2013 (24% in 2010), which also contributedadritrease of the technical/technology indicator. The first
transborder gas pipeline of the economy was the Central Asian Gas Pipeline (CAGP) connecting to
Turkmenistan, Uzbekistan and Kazakhstan through three parallel lines and began transpa2iig,gas in
specifically from Turkmenistan. The current capacity of CAGP is 54 Bcml/y, initially only 31 Bcm/y in 2010.
Gas imports from Uzbekistan started in 2012. The economy is also importing gas from Myanmar that began
in mid-2013 through 11.9 Bcm/y pipelicagpacity. And as the economy signed gas supply agreements with
Russia in 2014, imports of gas through pipelines are expected to rise with the construction and operation of
additional pipelines in 2018 under these agreements, specifically coming fraheastsEaoeria gas fields
(EIA, 2015).

It was observed that the gas resgmaduction ratio (R/P) subindicator (under the
technical/technologindicatorhad been growing @nyeaon-year basjas production increased much faster
than reserve$he gaf/P subindicator grewo 58% in 2013 from 0% at the beginmifide historical period
Historically, production grew at a faster rate ofdit¥gallywhile reserves only rose annually at around 7.0%
It is estimated that the lifespan of gasesoeserves would be as much as 25 years (APERCI @0b6}t
its gas reserves, the economy has been exploring and developing complex and technically challenging frontier
area® deepwater gas from coal seams (coalbed methane/CBM), and shale ga@iElAhe firstdeep
waterfield cameonlinein 2014 and CBM production is still at the early stages of develdpraeaonomy
is seen to have huge potential for unconventional gas resources, specificalljrsRalglgalse economy
declared thatsle gas is an independent mineral resource so as not to be covered by administrative procedures
for conventional gas to encourage greater private investment in shale Tirej&tsdance Catalogue of
Foreign Investment and Industry has been modifigateégorize foreign investment participation in shale gas
projects as an oencouraged investment, 6 thereby the:
(APERC, 2016)

Another factor that contributed to the abrupt spike in the gas secthi#yeconomic indicator
composed of six stibdicatorsThe indicatorrose(increased riskd 34% from 27% in 2000, bihe large
jumpwas observed in 2006 at 42% fthepreviousy e a r 60§ 28% Ehis eould be attributed to the gas
import diversity sulmdicatorearningl00% in 2006 as Australia was the only source of gas imports during that
time Thereafterdeclininggradually as other gas imports came in from Turkmenistan, Qatar, Malaysia,

Indonesiagtc

The political indicato(same suindicators in oil securitwjas high at4% in 2013 (from 38% in
2000) particularly influenced by local stabilityeamdp o istabdity sidindicatorsSimilarlyto oil, the local
stability greatly affecit he economy6s pol it i cCntheadtherdhand, det xopro ratse rexsp | a

stability received an index of 46% in 2013 (32% in 2006) due to increasing gas imports from Turkmenistan,
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replacing a portion of Australian impoFfisrkmenistan haahigher local stability index under the WGI than

Australia

The law indicator demonstrated an escatatindgreaching 37% in 2013 from 28% in 200is
indicator has three sificators (one as an external factor) in assessing the rigis lavible oil security,
the Regulatory Climate Index of @RSfor the economwas hightherefore affecting the law indicatdre
or ul e o-indichter externaldalotor) had an increasdexfor the exporters of gas to the economy
Among the gas exporters, Turkmenistan and Inddreeftiggherindexindor ul e of | awllh under t |
the gas emergency preparednessmglibator, the economy improved from 25% in 2000, and down to 0%
beginning irRk010 with the construction and operatd pipelines as another way of receiving gas imports,

coupled with the capacity expansion of RGT.

The environmental indicat@ame suindicators in oil securitgarneda relatively loweresult
(second to the lowest), compared with the other indicators with 23% aitB6agidisplayed an increasing
trend Mainly, the increase was causetédaysingindex value aheclimate change sidicator for the gas
exporters51% in 2013 from 24% 2006 From the gas exporters, risk on climate change was high for
Turkmenistan and Indonest@n the other handhe internal risk on climate change for the economy, as

discussed in oil security, had improved over the historical period.

The social indatorhadthe lowestiskat 186 in 2013a significanincreas@000 levebf 3.0%
The primary contributing factor for the social indicator is glas consumption per capitehich grew
considerablypecause dhe increasing share of gas in the primary @&z consumption per capihthe
economywasstillat a low levedompared with oil, only 0.02 toe/person in 2000 to 0.10 toe/paragtelow
the APEC average (0.46 toe/person in 2000; 0.58 toe/person)irH2®i&rer gas consumption per capita
might expand in the near future as the economy plans to boost the share of gas to total energy supply to at least
10% by 2020 (EIA, 2015his would also displace some amount of pollution as gas displacedic@alliise
gas share to total primary energy supply was registered at 5.0% (IEA, 2015).

yi T 06 AT A 371 O6OAAO

Chinads pr odu crtotienonghtmrmeetdts dordestic r@finéry densand, which only
grewat 2.0%annuallyfrom 2000 to 2013 0 compensat®r the shortfall of domestic crude production, the
economy has relied on impowih a fourfold increase in 2013 (282 Mtoe) fittar2000 levetlemonstrating
a growth rate of 11%nnuallyConsequently, net impsgharplyclimbedby almosfive timesresulting in
import dependency to progressively rise to 58% in 2013, from only 28% in 2000 (IERgR04B).4)As
for oil products r efinery output registered an annual i ncrea
import dependency to 5% in 20from 8.0% in2000) he economy & s r .Briilionbarrels capacit
per dayrimbb) could meet more than 100% of its domestic oil product demand ifARPEERC, 2015)
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Overalloil net imports (both crude and oil products) intensifittda 300% increase in 2013 fritva 2000

level

Despite an increase in domestic gas production (12%/year), the economy started to import gas in
2006, and it increased enormously at 76% annual growth rate reaching 42 Mtoe (47 Bcm) in 2013 from merely
0.8 Mtog(0.9 Bem) in 2000. From having a negative import dependency in 2000, it escalated to 2.0% in 2007
and further expanded to 28% in 2M&.imports rose by about twhiirds, which stood at 39 Mtoe (44 Bcm)
in 2013 from 1.2 Mtoe (1.3 Bcm) in 2000 (Figdye/ss discussed above, the economy is receiving gas imports

from transitional gas pipelines and in the form of LNG.

Figure 8.4: Production, Net Imports and Demand , 2000-13
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Crude Import Sources

Chinads i mport sources for crude oi l are extre
concentrationin 2013, which remained stable over the historical (leigace 8.5Major crude oil exporters
to the economy in 2013 were Middle East prodacmgpmiesuch as Saudi Arabia (19%) and Oman (9.0%)
Previouslylran provided 8.0% of total crude imports (2012) of the ecolmitiajty, Oman was the primary
source of Middl&astcrude a20% share to total imports in 2000, but slowly the share dwindled as the amount
of crude from Saudi Arabia increasedhe same year (2013), Angola contributed 14% of the total imports,
while Russiasentabout9.0% The economy started gett crude from Russia in 2004 to further diversify its

import sources

Looking at the risk associated with the top five import sources, the risk was still low at 17% in 2013,
down from 19% in 2000. Such low risk could be credited {diveeflified sources that somehow offset the
imports coming from higtisk crude oil impoisources, such as those from the Middle Basinwhile, the

intraAPEC import share remained at a low level, only 11%, and mostly contributed to by imports from Russia.
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Figure 8.5: Crude Oil Import Sources, 2000 -13
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Korea diminished to 24% in 2013 from more than half in 2000 with increased imports from other existing

sources, likeilgjapore RussiaMalaysiaand Japan This wascoupled withthe entry of imports from

Venezuela in 2008/ith reduced imports from Kordhe diversity index improvexy about 50%rom 0.32
HHI in 2000 to 0.18IHI in 2013(Figure 8.6)The topfive exporter®f oil productsin 2013 were Korea
(24%);Russia (16%pingapore (15%)enezuela (10%@nd Malaysia (8.0%)ver the historical period, the

risk related tthetop five import sources could be considered low at &&%yerageas itbalanced the risks

among highand lowrisk import sourcetn 2000, the intrdPEC share was more than 90% of total imports

with Koreacontributingsignificantlybut graduallgleclinedo 73% in 2013/enezuela imports contributed to

thedecline

Figure 8.6: Oil Product Import Sources, 2000 -13
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Gas Import Sources

As discussed above, the economy began to import gas in 2006, all coming froml\tistralia

succeeding years, imports from Austnadi@reduced to around 80% with the coming of other sources like

Algeria, Egypt, Oman, Nigeria, Equatorial Guinea and even Fhessgigports from these soureesre later

replaced by Malaysia, Indonesia and Qatar in 2009, and Turkmenistan through piptdiime 2040 that

also further decreased imports from Austradighe economy diversified its gas import sources, the diversity

index greatly improved to 012l (moderatdow concentration) from highly concentrateglort sources

2006 (1.¢4HI) (Figure 8.7)In 2013, Turkmenistan became the major exporter of gas, almost half of total gas

importsAustraliads share to t ot athetaahQ@atar ahB%%Malaysia ava s

7.0%; and Indonesia at.6%. The lisk associated frogas exporters was at modelaeconcentration22%

in 2013 from 24% in 2000

As the shares of Turkmenistan and Qatar gas imports expanded,-&ieE6Gtranport share

dropped to 22% in 2013 from a high of 100% in 2000 when Australia was the seleof st Malaysia

regi

and Indonesian gas imports likewise declined from initial shares of 12% and 9.0% in 2009, respectively.

Figure 8.7: Natural Gas Import Sources, 2000 -2013
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Hong Kong Chinai s a speci al administrative region of
7.2million population in 2013, exhibitiag annual growth rate ofly 0.6% during the last 13 years (2000
13) In the same year, gross domestic prodastat US363.&illion (2010 Price and Purchasing Power
Parity [PPP]), considered among the highest in thBadiic Economic Cooperation (APEC)

The economy lacks energy resources, specifically fossil fuels, and with no oil refineries, thus relies
on imports to meet domestic energy néidustotal primary energy supply was recorded at 13.9 million tonnes
of oil equivalent (Mtoe) in 2013, only 3.0% higher than@&&@dnaintained the highest share to total primary
energy supply (57%), followed y(21%), gas (16%) and other sources (6%) (EGEDA, E@d®) this
energy mixhediversity index in 2013 was at G140 (at the boundary of moderddev concentration), from

0.34 in 200¢Figure 9.1)ncreasing coal share triggered the incredssdiversity index

The oil supply requirememd been on a downward swing, which stood at 2.9 Mtoe in 2013 from
6.5 Mtoe in 2000, a decrease of.98%6 reductiowas contributed tlargely by decreasing oil demand from
the industry sector, which fell bymost 60% over the historical period, #xedransport sector with oil
demand lower by around 40%he oil supply requiremestforeseen teemainalmost stagnant, increasing

only by0.05%annuallyntil 2040 (APERC, 2016).

Figure 9.1: Primary Energy S upply, 2000 -13
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On the other handhenatural gas supply requirement also dropped by 12% reaching 2.2 Mtoe (2.4
billion cubicmetres [Bcm]) in 2013 from 2.4 Mtoe (2.7 Bcm) in 200&ever, gas demand is projected to
accelerate significantly atta @&f 4.4%annuallywith its share to primary enemgreasingo 50% in 2040
from only 16% in 2000 due to gas replacing coal (APERC, 2016).

Energy intensity improved by 37% in 2013, which stood at 38.3 toe/USD million in 2013 from 61.0
Mtoe in 2000Theeconomy has set a target of reducing energy intensity by 40200 level by 2025
(EB, 2015)Similarlyprimaryenergy per capitkeclinedy 5.0% in 2013,9 toe per person (toe/person) from
2.0 toe/person in 2000 (EGEDA, 2015).

/' El 3AAOOEOU

Hong Ko n @i secGrityiindex inproved &ix percentage poings22% in 2013 from 28%
in 200QFigure 9.2A lowindexmeans lower exposure to supply disruptioritigkpolitical indicatearned
the highestiskat36%, a slight decrease frtiva 2000 levelf 38%, among the other indicators used in this
study The indicator considered six sntlicators, three stibdicators assigned each to internal and external
factorsIn the absencef international/multilatetagreementsn oil security, the economgceived a higher
indexin this sukindicator The local stabilitwasstable at 31%an averagever the historical perioghile
thee x p o stabdity idindicator as an external factor for oil exporesakised decreasingend(36% in
2013; 50% in 20Q0)hiscould be attributed to the entry and increasingsstariéexporters with better local
stabilitysituation such as Japan and Chinese Taipeiocal stability is basedtioa ranking otheWorldwide
Governancéndicator(WGI) by the WorldBank (WB) on the perception regardimglikelihood opolitical
instability

The law indicatofwith three internal stibdicators and one as an external faateo)displayed a
downwardrend(declining riskj30% in 2013; 34% in 2000), masoiytributed to bexternafacta,thed r u |l e
of | a-wdicatwourie index of thisubindicator fell to 29% in 2013 (45% in 2000) which could be
influenced by entry and increased shares to total imports of those oil exporters wgilmoéttgro r ul e o f
| aoftheWGlLl n t he WGI ectonomiesre evaluateéd mmthedtyatif contract enforcement
property rightsgtc, that could poserak tosupply securityrhe oil stockpiling suindicatorwas high, more
than 90%for having lower oil stoskompared with other APEC economigight after the oil crisis in 187
the economy decided to have legislative and administrative arrangements to address any supply disruption
These arrangements incladeluntary code of practize1982between oil companies and town gas thsat set
maintaiimg strategic reservésr gas diand naphtha equivalent to 30 days of retained importgHeom
previous yeafENB). Town gas is another fuel product being used in the economy which is manufactured

locally using naphtha and natural gas as feedstock (Town gas, 2013)
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Figure 9.2: Oil Supply Security Index, 2000 -13
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The economic indicatorconsisting of 10 sdbdicators,improved (decreasing risk)y 11

percentage points, from 31% in 2000 to 29% in Z8&3oil intensity suimdicator contributed significantly

as demonstratday a sharp drop, 17% in 2013 from a high of 64% in ZOOG

economyads

73%, 8.0 toe/USD million in 205@®m 29.4 toe/USD million in 200This also resultdd a decliningrend

oi

for oil share to primary energy as aisdizator (21% in 2013; 48% in 2000 decline (both oil intensity

| inte

and oil share) wasresult oflecreasing demand fraheindustry and transport sectors (as explained above)

The oil intensity took into account (highed redoidedt or i c al

and its level relative to otherB® economietased omighestand lowesleves). The diversity indebor oil

product import sources (as a-gudicator) likewise greatly improved, 21% in 2013 from 91% inTAe00
subi ndi cator on OEase of Doi ng Hh2G600)thasshavindasotirabl&B

business climate that coatthtribute taedudéngrisk

The environmental indicatevhich covered the climate change and natural disastattisators

(both applied as internal and external facteas), 9% in 2013 (24% in 2000) following an improvement in

the climate change sundlicator of the economy, which dropped to 41% in 2@i8 49% in 20004 very

largedecreaskad beewbserved for climate charsgésindicatorfor oil exporters (27% in 2013; 47% in 2000)

dueto better index (on climate changfedome of theil exporterssuch as Singapore and Japhis sub

indicator used the Notre Dame Global Adaption Index@®#IN), which evaluates differestonomiesn

expaure, readiness and adaptive capacity to climate change impact.

The technical/technolggndicator had been stable at 18%averageover the historical period

Thisindicator is made up of six salicators, one of which is under external faEbharlogisticsefficiency

subindicatorwassteadyat 21% which isanchored on theogisticsPerformance Index (LPI) of WB that

assess trade infrastructurdogistics qualitycompetenceamong othersSince the economy has no oil

resourceshereserves/prduction raticsubindicatorwasalsohigh

earned
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On the other hand, the social indicqteith only one sumdicatord the oil consumption per
capitd earned the lowest at 10% in 2@l8ecrease df3 percentage points frahe 2000 levéR3%) Oil
consumption per capit@tably fell by nearly 60% in 2013, 0.47 toe/person frortoe/p8rsonin 2000The
20130il consumptiomer capita level was below the APEC average of 0.80 toe/pbesorethodology used

in determining the index for oil intensity was also appbé@donsumption per capita

A0 3AAOOEOU

Hong Kong Chinaobtained a highéndexin gas security at 25% in 2013 (modégatexposure
category), and had beem a dowward trend from a high of 27% in 200Figure 9.3) The
technical/technologindicator reaped the highdskat 47% in 2013 (51% in 2008)r the gas security, this
indicator covered eight siralicators (two under external fact®his indicator weniip as high as 61% in
2001before it started to decliriEhe gas production rate sirlicator (as an external factor) was the main
reason for such a trenthis subindicator rose to 74% in 2001 (from 0% in 2000) as the gas production rate
of China, the dg exporter of gasnlyexpanded less than the increase in import quantity requirement of the
economy However, thisgradually droppeéteaching 0% in 2013) followiapi ncr ease i n Chi nad
production, and at some point decreasing import requireshéméseconomy during the historical period
Thetransbordergas pipelinatilisationrate subindicator demonstrated a decreaséerg fellto 63% in 2013
from 95% in 2000T he utilisationrate even reached 100% in 2008, but began to decredise aditlitional
capacity in 2018s the economy does not maintaidergroundjas storagthis subindicatorearned &igh

index valueSimilarlywith no gas resourcéisereserveproduction ratio sumdicatoris alsdigh

Figure 9.3: Gas SupplySecurity Index, 2000 -13
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The political indicator (similar simblicators as in oil security) recorded the second highest index at

25%, historical averagdthough the economy has no international/multilateral agreements on gas security,

this subindicator was given 50% due to its political nature as being part of China, and thus the risk is shared
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(with China) during any supply disruptioi e e x pabilityt likewiescontsibuted at 61% in 2013 (55%

in2000)The economyds | ocal stability also added to poli

The economic indicator (with only six-sudicators) realised a small improvement, 245318
from 26% in 200@ne of the contributing factors is the gas intensitindidator, which fetb 28% in 2013
(51% in 2000), foll owing a decThegasdantensfty detr@ddfeditors.9t he ec
toe/USD million in 2013 frorfil toe/USD million in 2000his also caused a reduction in gas share to primary
energy (sundicator) to 16% in 2013 (18% in 2088)the economy only relied on one source of gas imports,

the import diversity (stibdicator) was 100%.

The environmentandicatordecreaseftom 25% in 2000 to 21% in 20b3ainly dueo climate
change sulndicator as aexternafactor China, as the only gas exporter, improved its climate change index

in ND-GAIN over the historical period

Meanwhile, the law indicatarhich is composed of three snthicators (one as an external factor)
hadbeenstable at 18%n averagd he gas emergency preparednesmdidator is the main contributor to

the law indicatoilhis subindicator was 50% withe existence gfaspipdineswith China

As the gas supply requirement saw a decline over the historical period, the socidladdicator
lowestindex (13% in 2013rom 16% in 2000 The @s consumption per capdacreasetly 18%, 0.30
toe/person in 2013 from 0.37 toe/persnr2000 lower than APEC avera@e58 toe/person)

) I BT 000 AT A 31 OOAAO

With no oil resources and refinery facilities, Hong Kolnigpahas been dependent on oil product
imports Althoughthe oil supply requirement had been decreasing, imports still increased annually at 1.8%
reaching 18.2 Mtoe in 2013 (14.5 Mtoe in 20B8)economy imported more than its domestic requirement
(whichhadbeendecliningover the historical peripdhus someniportswerere-exportedHowever, export
volume decelerated by more than half, which stood at 0.73 Mtoe {DV2DAB net imports of oil products
escalated by 36%, 17.5 Mtoe in 2013 from 12.9 Mtoe iTBO0®&t import levéh 2013 wasixtimes that
of domestic deman(@igure 9.4)

Relatedlythe economy relies on gas imports for its domestic de@Giand exports gas to the
economy via pipelin&as imports demonstrated a downward trend, falling at a rate ahhi@hduring
the historicaperiod Total gas import& 2013wererecorded at 2.2 Mtoe (2.4 Bcm), lower by 12% from 2.4
Mtoe (2.7 Bcm) in 20@Bigure 9.4)
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Figure 9.4: Production, Net Imports and Demand , 2000-13
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Oil Product Import Sources

Initially, the economy was heavily dependent on oil product imports from Malaysia, which
contributed more than 90% of total imports in 2000 and(Z@fiire 9.5However, imports from Malaysia
wereeventually displaced with #gry of imports from Singapokgreg and China in 2002, and later from
Chinese Taipei in 2004 and Japan in 802813, Singapore accounted for 32% of total imports, while China
providal 27%;Japan 13%Korea 9.0%and Chinese Taipei 4.0%t was al so observed that
to total imports fell from 68% in 2002 resulting from expanding shares of other exporters such as China and
JapanFol | owi ng this trend i n i mpoimproved o 0.21cHéllsin20183he econ
from a high of 0.91 HHI in 2000

Figure 9.5: Oil Product Import Sources, 2000 -13
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The risk levefom import sources fell to 14% in 2013 (21% in 2@8Qjting irsubstantial shares
of those exportergith a bettetocal stabilitysituation such as Singapore and Jajara-APEC imports

declinedo 85% in 2013 (95% in 2000) wémaining import requirements were sowuatside APECegion
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Indonesia is a large archipelago located in Southeast Asia covering a total land area of 7.9 million
squarekilometresandwith a total population of around 251 millionin 20lBe economyds gr oss d
product (GDP) grew annually at 5.4% averagevhich stood at USR381.7 billion (USD 2010 Price and
Purchasing Power Parity [PPP]) in 2013 from U&I3.3 (USD 2010 Price and PRPJ000(WB, 2015;

EDMC, 2015)The economis also a member of the Group of Twenty (G20)

Indonesia is rich in fossil fuel resources maki
fourth-largest coal producer, and fiflihgest liquefied natural gas (LNG) exporter and-ltegtst gas
producerForcrude oil t he economy&6s production hasaslbbweren decl i
reserve replacement rate caused by declining inve3ineengplacement rate oil reserves significantly
decreased to 47% in 2013 (EIA, 203 two largest oil fields have undergone enhanced oil recovery (EOR)
application to boost production (Jakarta Post, Z0d&X)ecreasing production resulted in the decision to exit
from being a member of the Organization of Petroleum Exporting Countries (OPEC) lim R668mber

2015, the econonmg-joinedOPEC

Figure 10.1: Primary Energy Supply, 2000 -13
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The e comamgnérgy sypply requirement grew at arbally, reachir®l4 Mtoe in
2013 from 156 Mtoe in 2Q@il contributed about 37% to total primary energy supply in 2013, gasal5%, ¢
15% and renewable¥4%,the bulk ofwhich was biomaséromt hi s ener gy supply mi x,

diversity index is at moderdde concentration based on HHI@25 in 2013Figure 10.1)
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The oil supply requiremenf the economy demonstrated an upward trend, ar#®eally
translating to 77 Mtoe in 2013 fr&®& Mtoe in 2000Me anwhi | e, the economyds <crud
progressively decelerated to 42 Mtoe in 2013, 40%Haw2000 The proven oil reservesthe economy
were3.7 billion barrels of oil (Bbbl) in 2013 (BP, 20tliS)projected thatthec onomy 6s o | require
keep on increasing at a higher growth rate of 3.2% until 2040 (APERC, 2016)

The gas supply requiremeon the other hand, exhibited a slower growth rate, rising at 1.6%
annuallyd 33 Mtoe (37 billiorubicmetres [Bcm]) h 2013 from 27 Mtoe (30 Bcm) in 20@Bhough the
economyds gas production expanded sl ightwlcggthat 0. 2 % ¢
of domestic gas demam#hs reserves estimates were placed at 2.9dubiometres (Tcm)(BP, 2015)The
economyd6és future gas requirement is seen to grow mt

energy supply requirement in 2040 (APERC,.2016)

The economyds energy i nthe20®ileveyf 129.8ignnes vf@ld by 31 %
equivalenfprimary energy) per USD million GDP (toe/USD million) to 89.7 toe/USD million inT84.3
primaryenergy per capita was 0.85 toe/person in 2013 from 0.74 toe/person in 2000 (EGEDA, 2015).

/' El 3AAOOEOU

Indonesh 6 s o0i | s e336in 2013y a modetHeewexpasarg, a bit lower thidne 2000
levelof 35%(Figure 10.2)0btaining a lovindexis translatetb lowersupply disruptionmisk From the six
indicatorsused for this study, the law indicator earned the hitphest436, on averageThis indicator made
useal of four subindicators with one as an external fagtoe.resource extraction sablicator gained a high
and increasing trend at 74% in 2@B%o in 2000)his subindicator assessed the perceptiotherquality
of policy regulations that deter investment on upstream activity (exploration and development of resources)
based on the Regulatory Climate Index of the Global Petroleum(GBiSHyaving a higihdexmeans that
the existing policidmve strong restraigieffecs on investmengxisting policies could be one of the several
factors for the insufficient investment in unexplored areas such as licensing approvals at the regional level of
governmentthe issuance g@lermits and land acquisition (EIA, 20He)wever, the economy is now taking
steps to further promote exploration in offshore and frontier regions by providing incentives to reduce risks
such as higher equity split between the government and congr&586 for oil and up to 40% for gas as
production shares to the contractor, and other financial incemtigesconomy is also intending to simplify

the process of obtaining permits and licenses through the creationedtops hop 6 ( APERC, 2016)
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Figure 10.2: Oil Supply Security Index, 2000-13
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In the strategic oil stockpiling sirfwlicator(under the law indicatpthe economy 88% as the level
of stock is relatively low compared wither APEC economie$hrough its statewned oil company, the
PERTAMINA, the economy requiréat oil companies should maintain 22 days of operational oil stock based
on domestic oil demand (IEA, 2Q1%his subindicator may improve once the plan tersjthen the
stockpiling gstem through the creation of econamige energy reserve systemealisedThere are three

classificatiomunder the proposed reserve system

A Energy Strategic Reserves composed of energy resources to be held and regulated:;

A Energy Buffer Reserves for public emergency stocks to be held by the government, equivalent to 30
days of net imports; and,

A Operational Reserves to be provided by the industry, areR8di&ys of stocks, and private
companies, 21 days of operationaksi{oEA, 2014a)

The or ul e -indidatorlasam @xtemal factiamv indicatorgxhibited a ecreaseeaching
40% in 2013 from 44% in@DBased on the WomddeGovernance Indicator (WGI) orule oflawd a s p e c t
specifically on the quality of contract enforcement from @ o sidegtle €cenomy modestly improved

its situatiorby sourcing more imports frdow-riskexporters for both crude oil and oil products

The political initator obtained4%% indexin 2013 (2% in 2000)althoughinitially decreasing
reaching 35% in 2009, and afthichbegn to rise agaiff his indicatoutilised six suindicators, thresub
indicatorsassignedtach as ternal and external factomhe piracy subdicator (as an internal factor)
contributed to the trenid the political indicatpwhich took into account the numbeirafidencesf piracy
attack. At the beginningf the historical perigthe economgnlyhadan index 082% and slowly went down
to 4.0% in 2009 as the incidence of piracy improvedidstgdto increaseip to 53% in 2013he local
stability sudindicator received 90% in 2000 and went down to 60% ifli2§il 3hdex means lower stability)
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as the politicanvironmentmproved This subindicator alsmade usef WGI on the likelihood dhaving

an unstabl@olitical climateMeanwhile, the x p o rstabdity Subndicator (as an external factor) rose to

49% in 2013 (45% in 2000) with increasing imports from Azerbaijan, Nigeria and even from Turkey for crude
oil imports As the economy being part of the ASEAN Petroleum Security Agreement (KieSA),
international/multilateral agreements on oil securiindidatoiis low, although at 50%thassaidagreement

has not been pub testduring actual oil supply disruptioBsit having this security agreement, which the
economy and the other ASEAN membtates &n request for assistance duraigsupply emergeies

contributesto lowering the risks

The economic indicat@with 10 subindicatorsHisplayed a steattgnd at37% on averageThe
presence of fuslbsidies oil pricing(as a suindicator)contributed significantly to the indextuefor the
economic indicatotts implementation could be a risk to the economy as lovpeicegmight encourage
more consumption without considering any conservatiorseifguidicious se, which could push demand
beyond suppyT he f uel subsidy represents at |l east 7.0% of
2015) Thissubindicator may decline with the new policy that took effect in 2015 that rentsigiefor
gasoline witlanoctane rating of 89 RON, and applying a fixed subsidy for diesel ail azithne rating of

48 Said policy intends to reduce fuel consumption, and consequently imports (APERC, 2016)

Theoil intensity suindicator (under economic indicatgmpwed a declinirigend (improvement
inrisklevelf 6 0% in 2013, 92% in 2000) following an i mprov
from 48.1 toe/USD million in 2000 to 32.2 toe/USD million in 203 sukindicator is assessed based on
the intensity levelhighestand lowestevel)of other APEC economies including historical variations in the
economyds (highest recoidddyyeanividle;, aslthe economy became a net oil importer (total oil)
in 2004, the totalil net importoverdemand suindicatorincreasedrastically to 46% in 2013 from 0% in
20000nthe OEase of Doing Busi ne s-indicatarthe econany Wés abletb Ba n k (
improve its business climate exhibiting a decréad@gfrom 70% in 2000 t41% in 20130n the other
hand the diversity indesubindicatorhad a stableesultfor crude oil import sourceshile foroil products,

it escalated to 32% in 2013 (29% in 2000) with expanding imports from Singapore

The technical/technolggndicatoreceive®5% in 2013, lower ligur percentage points frotime
2000 levelThis indicator considered six gntlicators (one assigned as an external fadteril reserves
production(R/P) ratio subkindicatordroppedo 5.0% in 2013 (23% in 2000) betause of increasing reserves
but due to the declining production, which registered a much faster decreasing rate thaw tlesewresnt
level of reserves, production could still be covered for about 12Wearsh | ower producti on, t
oil selfsufficiencyubindicator went up to 15% from 0%2800 Also decreasingas therefineryutilisation
rate subindicator with 85% in 2013 (91% in 2000) as a result of declining weftpatywhich was being
offset by expanding oil produietports In 2013, refinery only provided around 59% of domestic oil product

consumption
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The environmental indicatavhich covered climate change and natural disastedisaors,
dropped to 24% in 2013 (28% in 2000) as the climate chasigdicaily (asan internal factor) of the
economy in terms of its adaptive capacityreadiness foclimate change impact improved basethen
Notre Dame Global Adaption IndéMD-GAIN). The subindicatorindexfell to 50% in 2A3from 60% in
2000. Improvementn the climate change subicator indexexternal factor) for exporters of oil was likewise
observed with increasing imports tiredentry obxporters that are less vulnerabterms of climate change

impact

The social indicatdwith only one sulmdicator)climbedto 20% in 2013From 18% in 200@s a
result ofgrowingoil consumption per capifeh e e ¢ @ihconsunptisn per capitaas up by 1190.30
toe/person in 2013 from 0.27 toe/person in 200@ per capita level waslow the APEC average of 0.78
toe/person in 2000 and 0.80 toe/person in 28i8ilar tathe oil intensityjt is computed relative to other
APECe c o n oaihcoassindptiorpercapita level, as well as changds economss per capita level over

the historical period.

*AO 3AAOOEOU

The economy achieved a much lavgiiin gas security at 25% in 2013 from 27% in (E@0re
10.3) The political indicatdisame suindicatos used inoil securitypbtained the highegsk among the
indicatorsat 3%in 2013(from 41% in 2000uNnd follows the same trend in oil security (politicabiiod)
The local stability ahe economy and incidence of pireagtributed to the political indicatevhich are
already explained alkovs APSA may also include gas supply sedhétysamendexis givenin the

international/multilateral agreementgas security sitdicatorequivalent tdéhe oil security

The law indicatofwith three sulindicator with one assigned as an external factorgd the
second highesiskat 35% in 2013, a decline froredid 2000The primary reason for the decrease could be
attributed to the improvemeint the gas emergency preparednessirglibator The operation of the
economyds first LNG regasificati on cubememaperayéar ( RGT) i1
(Bcmly) improved the gas emergency preparednessdmator In the following year, another RGT was
built with a capacity of 7.0 Bcm/he economy plans to import LNG start2@L8 to meet its rising gas
demandThe economy has enteiiatb a contractvith CheniereCorpus Christi (United States) to receive a
total of 2.0 Bcm/y of LNG for a perianf 20 yearbeginnind?018 (Platts, 2014t the moment, the current
RGT facilities serve the domestic power plants and industrial customers in Java and Sumatra (EIA, 2015)
Another sukindicator that also influenced the law indicator is the resource exteagtiationss already

discussed in the oil security portion
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Figure 10.3: Gas Supply Security Index, 2000-13
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The technical/technologindicatorhad been going up, from 19% in 2000 ®%62in 2013, but
initiallygradually decreased to 17% in 2BOF gas, the indicator included eightiedizator with twaare
under external facemMainy, the gaR/P ratio sukindicator influenced the treimithe £chnical/technolog
indicator Thissubindicator showed downward and upwareénd as a result of erratic gas production output
duringthe historical periodhe economy has been intensifying its efforts to boost gas reserves and to have a
better reserveeplacement ratio for gas (than for @it ratio has been declining in recent yEagscurrent
gas reserves could susproduction for around0 yearsThe economy is also promoting the development of
unconventional gas resources such as coalbe@hm€éCBM) and shale .das estimated that the economy
has CBM resource potential of around 12.8 Tcm based on preliminaryT$tadébsle gas potential is
expected to be explored from the results of studies conducted, and that commercial podddiemin in
2020 (EIA, 2015)rhe absence of underground gas storage faodgidted in a higimdex(for this sub
indicator) On the other hand, the operation of the RGT in 2013 already hitiitsationrate of 36%, which
contributed to the technical/technojagdicator Although the economy hmansbordergas pipelines, these
are being used to export gas to Singapore and M&gysiss through pipelisareabout 30% of total gas
exports of the emomy (EIA, 2015)

The economic indicat@with six subindicatorsflemonstrated a steady dedlifeereasingsk)at
20% in 2013 from 26 in 2000The gas intensity sitdicator significantly affected the economic indicator
as the intensity level dropped by 38% filea2000 levedf 22.1 toe/USD million td3.7 toe/USD million
in 2013However, there might be future changes in gas intensityomithgggas consumption from industry
and power sectors, both accounting for the largest eiwaround 54% and 24% of total domestic
consumptioprespectivelyn 2013 A policy on Domestic Market Obligation (DMO) has been introduced for

the priority allocation of gas use in (a) oil and gas production, (b) the fertilizer industry, (c) the power generation
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sector, and (d) other industrial sectors (IEA, 2@dsronsumjanwould likelyexpand further amidst lower

spot prices of Asian gas, while the power sector is seen to demand more gas with the proposed addition of 13
gigawattéGW) of gadired capacity in 2020 (EIA, 2018the same manner, gas share to total fyriema&rgy
supplysubindicatorslightly slid down to 15% in 2013 (17% in 2@G0)he economy likewise provideel

subsidiefor gas consumptiggas pricing}his subindicatorgained &ighindexfor the ecaomy compared

with other APEC economies raitforcing price subsidies

The environmental indicator, using the samensdidators in oil security, decreasedr the
historical period (28 in 2013, 6 in 20000T he i mprovement iin the economyéss

capacity and readinesstributed tahedeclineas exfained above (oil security)

The social indicatdrad been steady at 15%,averageasgas consumption per capienained
stable at 0.13 toe/person over the historicalpdribde economy ds pe theAPE@Qaverage | evel w
of 0.58 toe/person in 2013.

yi T 06 AT A 31 OOAAO

Over the historical period, I ndonesi ads crude
resulted in almost doubling thgort requiremenand a cut of abohalf in export volumeCrude oil imports
grew at a rate of 4.7&8mnually, reachirg.4 Mtoe in 2013 (12.8 Mtoe in 2000) the other hand, crude
exportsdroppedto 15.9 Mtoe in 2013 (30.2 in 2000), translating to annual declining rate \bfith. 8,
the economy becameet crude importer in 2089 A similar trends observed in oil products, increasing
imports and decreasing expddis product imports acceleratededte of 6.1%nnuallytranslating to more
thana twofoldincrease frorthe 2000 levelf 12.8 Mtoe to 31.8 Mtoe in 2013, while exports of oil products
dwindled annually at 5.2P% 2013, the economydha total refinery capacity of 1.01 million barrels per day
(Mmbbld) with anutilisationrateof 85% in the same year (OGJ, 208pWith growing domestic demand,
the economy is planning to expand its refinery capacity to abdaotkbid . Overall, the economy became
an oil net importefcombined crude and oil produdispinning i2004, and since then net imports had been
expanding significantly at 9.8#quallyuntil 2013)Figure 10.4)

Fornaturalgas t he economyo6s production experienced | uSs
and 2013, with a recorded reduction in oltpginning 010, a 16%ecreasim the2013 output levelith
domestic gas consumption increasing at a faster ratarihuiy than productiorexport volumeshowed
adeclining ratef 1.0% annuallgFigure 10.4As explained above, the economllybei buildingadditional
RGT capacityo receive LNG imports in the near future to supplement domestic supply in meeting growing
gas consumptiourrently, the economy is smlfficient in domestic gas supply as production level could still

provide forits gas demand requirement

29 |nitially, Indonesia registered higher imports than exports in 2006, but in the next two y2868]20(¥rts exceeded imports.
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Figure 10.4: Production, Net Imports and Demand , 2000-13
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index, the share of Saudi Aralziaude was alib 40% of total importSaudi Arabia has been a major source
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sourced fronBruneiDarussalarm 2005 and\zerbaijarnn 2008, andvith the reentry of Nigerian crude in
2010 Turkey also sent its crude to the economy in. 2&€Bbaijarovertook SaudiArabiain 2013 with a
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Figure 10.5: Crude Oil Import Sources, 2000 -13

100%

80%

60%

40%

20%

0%

2000

2005

31 OOAAOd !'0%2# AT ATl UOEO Al A 5.

LemedEeh .o binaat ..
Sapenn

2010

#1 1 OOAAAR

08

02

0.0
2013

@T Ui 8

Worse

Better

Others

m— Sudan

s China

—— Vet Nam

m— Libya

— Turkey

m— |\\alaysia

Brunei Darussalam

Algeria

— Nigeria

mmmmm Azerbaijan

Saudi Arabia
Import source diversity (Right)
Share of Intra-APEC imports

Risk from top S import sources

f d@HI (loevconcdngratighmp or t s o



Oil and Gas Security Indexation

Looking at the risk from the major import sources, the level of risk was 24% in 2013, from a low

of 18% recorded in 2004. In 2004, the share ofidligas reduced to 8.0%, which contributed to lowering

the overall risk. The higlsk exporters, such as Nigeria, Azerbaijan and even Turkey were balanced out by
par t unilf2012. h e

imports from Brunei and Malay$ita | ay si an

At the beginning of the historical period, the JAR&C import share was high, with nearly half

crude

wa s

of total crude imports largely contributed to by China; Malaysia; and, Viet Nam. HigtE@timports

occurred in 2006 with the entry and huge share of éiiu

sourced more from outside the APEC region, the share fell to only 18% in 2013.

Oil Product Import Sources

Dar ussal

a

mds crude.

Singapore had been the major sourcd pfoduct importproviding abouhbalf of the totatluring

the historical period (Figure 10®)her major suppliers of imports in 2013 were Malaysia; (2@%a

(9.0%) ChineseTaipei(4.0%) and Kuwait (3.0%)At some point, the economy also imported oil products

econol

Event

from ChinalIndig Saudi Arabjaand the United Arab Emirate©ver the historical period, tkec o n o my 0 s

diversity indeslightlyincreasedrom 0.29 HHI in 2000 to 0.32 HHI in 2013.

The risk associated with top oil product expontasstill low at 1% in 2013 (from 1% in 2000)

The reductio in risk could be attributed to expanding imports fromnigbveconomies such@isgaporand

Chinese Taipei as compared with imports coming from other expartdes economy is highly dependent

onoil product importérom itsneighbouringconomieghe intreAPEC shar&vas high even at the beginning

of the historical period at 61&thd progressively went up to about 90% in 2013, more than half of which was

contributed to bysingapore

Figure 10.6: Oil Product Import Sources, 2000 -13
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Japan is located in Northeast Asia occupying a total land are@ %t jarkilometreswith a
total population 027 million in 2013 he economy is the thitdrgest economy in therld after the United
Statesand Chinehe economyds gross domest i c44a8bdlidu20t0 i n 2013
USD and Purchasing Power Parity [PPP]), which only grew annually at less tvaenttheéd®8-year period
(200013)

Japan isi@sourcescarce economy that heavily depends on imports for most of itsesmrgpes
The econo my-dufficierscy level gvgs 6.8% ih 2063he same year, total primary energy supply
stood at 455 million tonnes of oil equivalent (Mtoegraake of 12% frothe 2000 levelf 519 Mtoe (IEA,
2015)There were two significant declines in primary energy supply, in 2008 during the economic recession and
in 2011 due to the great earthquake that hit the ecofftengconomy gradually reducedéisethdency on
oil until 2010, but its share to primary energy supply increased again after the earthquake (nuclear accident) that
led to the shutdown of all nuclear power plémtsrder to make up for the loss of nuclear power plants,
natural gas also neased its share. Oil contributed the largest share to primary energy anaplgido,
followed by coal with 27%, and natural gasai8%o share (IEA, 201%rom this energy mix, the economy
hada 0.32HHI (moderatdow concentration) diversity index for its primary energy so@M3(Figure
11.1)

Figure 11.1: Primary Energy Supply, 2000 -13
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The economyo6s oil supply requirement displayed
decreasing at a rate of 2.3%, and picked the suicceeding two years (2Q012), and then declined the
following year to the same level in 20h@ economy veahe thirdiargest oil consumer in the world, next to
the United States and China, consuming about 4.3 million barrelsMertddd) in 2013, around 5.0% of
globaloil consumption (BP, 201%) t is projected that theontmuedonomyds s
decrease at a rate of 1.4Ptuallyuntil 2040 which could be attributed to fuel economy improvements in
transport, fuel switching (from oil to electricity in the buildings)saatbthe decreasing power generation
from oiHfired plants (APER, 2016).

The economyds gas supply requirement had been g
significant increase of 16% noted in 2011 dtieetexpanded use paturalgas fired power plants to cover
the loss of nuclear power generafitreeconomy is endowed watlsmall amount afas resources of about
21 billioncubicmetres (Bcm), equivalent to only difth of 2013 annual consumption (BP, 2015; 0GJ,.2014)
Such reserves allow the economy to produce a small volume of gas whicl8.6tBadhan 2013 (IEA,
2015), about 2.6% difie total gas requirememhe increasing gas consumption is expected to decline with
the restart of other nuclear power plants, displacing power generation from gagide€irags baskead
powerplants but with the scheduled retirements of some nucleargaentacilitiesafter2025 the need for

gaswill increase again (APERC, 2016)

Being an energgfficient economy, energy intensity fell by 21%, reaching 102.2 tonnes of oil
equivalent energy pdED million GDP (toe/USD million) in 2013 compared \thtn 2000 levealf 129.6
toe/USD million based othe primary energy supply requireméiitewise,primary energy per capita
decreased by 13% in 204Bich registered at 3.6 toe/person from 4.1 @sfpn in 2000 (EGEDA, 2015).

/' El 3AAOOEOU

Japa8 oil security index had been steady during the historical period with a slight decrease from

26% in 2000 to 25% in 2013 (Figlte). A low index means lower risk on supply disrupfioa.economy
earnechigh riskin the technical/technolggndicator 47% in 2013 from 51% in 2000, the highest among the
indicators used in this studihis indicatoutilised five subindicators as part of internal fast@and one sub
indicatoras external factorGiven itslimited oil resources, the econohad high indexin the reserves
production ratio and oil safifficientsubindicatorsAs of 2013, the economy had oil reserves of around 44
million barrels\imbbl), which allowed a very small amount of oil producfi@bout 13thousandarrels

per daykbbl/d) (OGJ, 2014)Over the historical period, production decelerated by nearly 30%, from 2000 to
2013, and only provided 0.4% of refinery denfaraligment the limited oil resources, the government allows

oil compnies to participatetime exploration and production projects overseas to secure a stable supply of ol

(as well as gaghe Japan Bank for International Cooperation (JBIC) offers loans for upstream companies at
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favourableates to encourage them to tmdprojects in hydrocarbgaroducingeconomie$EIA, 2015)On

the other hand, the economyds 28 refineMmbbif)aci |l iti es
were already operating at 8disationrate in 2013, from a high of 94%@2D05 whichresulted ira high

indexfor therefineryutilisationratesubindicator (OGJ, 20015)

The economy earned better standinthérlogisticsefficiencyunderthe LogisticsPerformance
Index (LPI) of the World Bank (WB), which looKsgisticgjuality and competence relating to trade, among
other factorsThe economy was among the tbpeein the APEC region in the LPI in 2013 with high
performance itrade logisticaVith highly diversified crude oil import sources, the econonmgdlambda
lower anddecreasingendin the oil production ratubindicator (external factor) from 21% in 2000 to 4.0%
in 2013 This subindicator assessed the production rate of crude oil expasteysvhethdhe production

levels were ocanincreaing or decreasing trend

Figure 11.2: Oil Supply Security Index, 2000 -13
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The economic indicat@with 10 subndicatorsyeceived an index of 31%, on averageh the oil
share to primary energy supply and oil intensiyndigators displayed decreasgidicesAsthee c on o my & s
oil supply requirement had been decreasing (except in 2011 and 2012 due to the gie)t dzetbidjghare
to primary sutndicator declined from 49% in 2000 to 45% in.2ZBibdlarly, the oil intensity sindicator
went down to 47% in 2013 (66% in 200@)intensity was improved by nearly 30%, 45.5 toe/USD million in
2013 from 63.7 toe/3s million in 2000 The TopRunner Program contributed significantly to such
improvementSaid Program was expanded in 2013 with the partial amendtheriErefrgy Conservation
Lawof 1979 now covering energy consuming items that contribute to highcgfticienergy conservation,

such as building insulation materials

When it comes to diversity of import sources (uhéeconomic indicatordhe crude oil import
diversity sulindicator slightly increased (18% in 2013; 16% in 2000)owbileprodict import diversity
subindicator decelerated (16% in 2013; 24% in Z088%e see discussion below on impoisamtsnances
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has a better business environment receiving a 22%, on averageFirmteee o f Doing Business«

(assubindicator)

The social indicator declin@lbcreased ristg 25% in 2013 om 28% in 200@ue toareduction
in theoil consumption per capgabindicatorl n 2 01 3, toihcensueptiomper capiiood at 1.6
toe/person, a decrease of 2ftétn the 2000 levelf 2.0 toe/persoHowever , t he economyds p

was still high compared with APEC average of 0.80 toe/person in 2013.

Meanwhile, the law indicatcomposed of four stindicators (one as an external facemgived
a20%historical averag@ne of the contributing factors is the oil strategic stockpiliAgdiaator As of
December 2013, the economy held oil stocks equivalent to 157 days of net imports, which was over the
stockholding of 90 daysquiredoy the Internatinal Energy Agency (IEA) (IEA, 20I8he economy holds
public strategic petroleum reserves (SPR) and enforces a minimum stockholding requirement to industry
Initially, the Oil Stockpiling Act only covered crude oil but was expanded to include edgurcts| puch as
gasoline, diesel oil, kerosene, and fuBlafiheries, distributors and imgastare obliged to hold-BO days
of average daily imports, sales or petroleum production from the previous 12 months, and 70 days of oil stocks
for industry(IEA, 2014a)The 70day oil stock of industry was relaxed to 67 days after the earthquake (EIA,
2015)Theeconomy also obtained lowdexin oil emergency preparedngsisindicatorwith the creation of
the National Emergency Strategy Organization (NE®Bich sets the institutional structure and
arrangements dealing withoil supply disruptiofsmergencieAPERC, 2015)One of the response
measures in the evasita supply emergenisyembodied in the Oil Stockpiling Act Amendments in 2012,
which regirethemobilization andeleasingf oil stocks and liquefied petroleum products not only to address
a shortage of oil supply from overseas, but also in thekaentpply shddllin the economy resulting from
any disaster (METI, 201Zhe economglso signed lease agreements with oil procdistingmiedlike Saudi
Arabia andhe United Arab Emirate$or crude oil storage to store 6.3 million barrels for each of these

producersThe agreement is fthireeyears with a priority to purchase oilmusupply disruption (EIA, 2015)

The oOr ul e -indifatorlaraewtérnalstactor under the law indichtad, 44%from a high
of 46%), resulting from the dominance of Middle East crude oil imapertgll akom oil product exporters
(withahighindexind r u | e ,suth ad Irali@ta Russia also exports crude to the econonilye2:000
mile Eastern SibetiRacific Ocean (ESPO) pipeline (EIA, 20ThH)js sukindicator was based on the
Worldwide Governance Indicator (WGI) by the WB, whichlates the quality of contract enforcement by

the differeneconomies

The environmental indicatarhich considered climate change and natural disasteinascsiitrs
(both assigned as internal and external facdectiped from 18% in 2000 to 1592013 resulting frolmn
improved indein the climate change simdlicator (27% in 2013; 31% in 2008)s subindicatorisanchored
onthe Notre Dame Global Adaption Ind®&D-GAIN) that measures differestc 0 n @xpygsors, adaptive

capacity and readin@sserms of climate change impabtie samé&end was observéar the climate change
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subindicator (as an external facipras some oil exporters (crude and oil products) had also made

improvements in this stitdicator in the NDGAIN.

The political indicator demonstrated the lowisktwith a historical averagé 13% (low index
means higher stabilitfhis indicator considered six indicators, three each under internal and external factors.
Mainly, the intertisnal/multilateral agreement slicator contributed to the political indicafbne
economy is a founding member of the IEA and thus covered by the International Energy Program (IEP),
which implements collective and coordinated actions among mertiiees/ant of any supply disruptions
The agreement caadue the risk during emergencies as assistance through collective/coordinated actions
from IEA memberss available (IEA, 2014a)he local stability stibdicatorhad30% in 2013, an increase
from27% in2000T he i ndex was based on WGIds | ocal stabilit)
the possibility of having an unstable political clifidiee e x p or t e-indicator altoanbréased &sy s u b
well to 56% in 2013 from 46% in 200thWwighdependency on Middle East imports for crude, and for those
oil product exporters witthigh WGI index on local stabilBymilarly, thehokepoinsubindicator rose from

14% in 2000 to 15% in 2013 based on the share of exporters to totalrtsl impo

*AO 3AAOOEOU

Japands gas secur it ya2®4 op&veragavithithetegchneal/techriolagn oi | a't
indicator receiving the higheisk (Figure 11.3)This indicator covered eight sabicatorswith two under
external factar Thisindicator picked up marginally to 50% in 2013 (48% in. Zb@0)eservegroduction
(R/P) ratio sukindicator contributed significandlgit progressively went up to 31% in 2013 from only 1.0%
in 20001n 2013, it was reported that the economy ha&taiof proven gas reserves (OGJ, 2014) gas
reserves had been declining over the historical period, a decrease of around 18% irti2026Golevel
while gas production escalated by 20% in the samerpsuitidg ifhavingalowerR/P ratia Asthe economy
had been producing a small amount of gas, onlyc8.68¢ total domestic gas requiremémtgas self

sufficiency suindicatorwas 97%

The regasification terminal (RGT) utilisation rateirglitator was alsa factorin the
technical/technolog which graduallglimbedto 47% in 2013 (33% in 2000he economy has been
dependent ohiquefied natural gdsNG) imports to meet its domestic gas requirement, making the economy
the worl dds | aThgfessUNG impoBwas recpived ffom Alaska in 1969, thus making the
economy the pioneer in LNG trade (EIA, 20TBg economy operates a tofa28 RGTs withen aggregate
capacity of around 250 billion cumietres per year (Bcm/yThe RGT capacity grew by 22% in 2013 from
the 2000 levewhile imports increased much faster at 63% for the same Pheaogconomy likewise
maintains the largest regasification storage capdoegworid, which couldhold 15.6 milliortubicmetres
(Mcm) (551 million cubic feet [Mcf]) of gas (EIA, 2015).
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Figure 11.3: Gas Supply Security Index, 2000-13
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Among the external factoirs the technical/technolggndicator the gas production rate sub
indicator for gas exporters declined to 2.0% in 2013 (33% in 2000) due to the increasing share of those
exporters with an increasing gas production rate over the historical period, specifically those with huge gas
reserves copared with others. However, the LNG exports termfaalan external suimicator)of some
gas exporters to the economy had beeratipg at almost full capacity, which contributed to the high risk in

technical/technological indicator.

The political idicator(using thesame suindicators in oil securitigpdbeen37% the historical
averagelhe economyeceived dighindexin the international/multilateral agreement on gas securty sub
indicator as the current IHEA does not yet includmagreena on gas securitsfowever, with the growing
importance of gas the global energy migas supply security might be covered soon by IEA to dresure
stable gas supplygr its membetsTh e export er 6s st adindidatortingprovedkebgd® er n al f a
percentage points, 43% in 2013 from 53% in. ZB@@leclinecould be credited tihe expanding shares of
Australia and Qatar to total gas imparith betterlocal stability index in WGI as compared with other

exporters

The law indicatprcomposed of three siudmicators (one as an external facsimwed
improvement from 44% in 2000 to 34% in 20d8ulting fromdecreasingndicesin gas emergency
preparedness siitbn di cat or and tindieatorfas anlexernal factolf tee gaé enwengdncy
preparednessubindicatordecreased to 25% in 2009 with operation ofa regasification storage facility,
which lowers the risk as it serves as a buffer during seasons with higher demand, and perhaps in the event of
supply emergenciddea n whi | e, t h e-indicator Higplayed a ddwaward trendiifcreasing import

sharefrom Australia and Qatar
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Following an increasegas consumption per capitat he s o c i aihcrensefthireased or ds i n
risk)to 21% in 2013 (13% in 2H0Gas consumption per capitas registered at 0.52 toe/person in 2000 to
0.83 toe/person in 2013, with a larger increase in 2011 after the ea®hmilakéo oil, this per capita level
was above the APEC average in 2013 (0.58 toe/person).

In the sane manner, the earthquake also affected the economic ifdmadwsting of six sub
indicators)which had a steady index of 15% until, 20k@vent up after the earthquake to 18% in.201S3
increase wawmimarily driverby a rise in gas share to pnignenergy and gas intensity-indizatorsGas
utilisationwas expanded after the earthquake to compensate for the loss of power generation from nuclear
power plants, which led to the abrupt increase in gas share to 22% in 2011 (23% in 2013) from.17% in 2010
The increased gas s h a siptensity, which wehtupeta28.8 tde/USH raillioa tommn o my 8 s
only 20.0 toe/USD million, translating to a growth rate of 17% in the sameRx&sior the earthquake
the gas supply requirementy grew by 21% from 2000 to 2020 the other hand, the gagiont diversity
index (subndicatoydecel erated (13% in 2013; 2 0 @ Indonesiar0 0 0 ) as
imports reduced from aboomethird of total gas imports in 2000, down to 7.0% in.2013

Theenvironmental indicat@@me subindicatosusedn oil securitygradually improvedom 18%
in 2000 to 15% in 2013 as the climate changiediohtor (external factor) for the gas exporters steadily
decreased to 39% in 201®rH 48% in 2000)This was caused Hbye expansion of import shares from
Australia and Qatalisplacing som&mount of imports from Indoneskustralia and Qatar had bettD -
GAIN indexin climate change than Indonedihe climate change simdicator for the economy also

contributed adli@ady explained above in the oil security
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With limited oil and gas resourclzpainas been heavily dependent on imports to meet its energy
requirementsThe economy is a net oil importer, but its imports were declining o20@x2013period
Crude oil imports reduced by 18% in 2013 w2000 leveWwhile oil product imports decreased by 17%
during the same periclls di scussed above, the economy®6s oil suppl
to 2013), although an increags observed in 2011 and 2818r the earthquake, the economy used crude
oil for direct burn in power plants (EIA, 20M8)th huge refinery capacity4Mmbbld), the economy has
also been exporting petroleum prodietport volume in 2013 (17 Mtoe) almost tripled fitee2000 level
(4.5 Mtoe)Overalloil net imports werdown by 22% in 2013 (frothe 2000 levgland covered more than
100% of the economy®s do (rFgweeall4 requirement, 105% in

Similarly,the economy has no significant gas resenesvith only a small amount ofas
production (abou.0% of demandis gas supply requirement grew by 62% in 2013t(feo2®00 levgl
gas imports likewiseentup. The economyds LNG i napnoalywlsch stooddat €04 sed by
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Mtoe in 2013 (115 Benipllowing a 16% increase in gas supply requirement in 201théfroenious years
level), gas imports went up by 18% as Manlinga small amount alomesic gasproduction, net impost

wereabout 98% (historical average) of total derfiégdre 11.4)

Figure 11.4: Production, Net Imports and Demand , 2000-13
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Crude Import Sources

The economy experienced oil crises in the 1970s that led to increasedrampoutsidethe
Middle East, such as from China and Indonesia, to diiragsifit sourcesince thenThe dependendyom
the Middle East decreased from 91% in 1967 to 68% in 1987, but it escalated again and peaked at 90% in 2009.
The efforts of expanding imports from Russia in recent years successfully reduced its degpantiency
Middle East to around 83% in 2013 and Bl12014 (APERC, 2015; METI, 2016).

In 2013, Saudi Arabia provided 32% of total crude imipartgnited Arab EmiratAE) with
22%, Qatar with 12%, Kuwait with 8.0%, and Russia with Th@¥tmport diversitievel was low at 0.16
HHI in 2000, but ghtly increased to 0.H3I in 2013 as the share of Saudi crude expanded (from 25% in
2000)Figure 11.5Riskfrom themajorimport sources gradually declined to 20% in 2013 (22% in 2000) with
decreasing imports from Iran, whiebheivea higherlocal stability inder the WGI With high dependency
on Middle East crudéhe intreAPEC import sharevas only at 13% (both in 2013 and 2000), and the lowest
share was recorded at 6.0% in 2005 and PB@6ntraAPEC importscould befurtherimprovedas the
United Statebas begin exporting its ultrlight crude oil (condensabe?014 The economy was one of the

first to import US crudes (EIA, 2015).
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Figure 11.5: Crude Qil Import Sources, 2000 -13
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Oil Product Import Sources

Over the historical period, the economy was able to further diversify its oil product import sources,
from 0.24HHI in 2000 to 0.1BIHI in 2013 (Figure 11.6). Korea basn the major and consistent source of
imports, althoughstshare dwindled from a high of 46% in 2000 down to 35% in 2013. Other major sources
of imports in 2013 were India (13%glaysia (9.0¥datar (7.0%gnd Russia (7.0%). Historically, risk from
major sources of imports was stable at 15%, on averpie,tbdesntry of imports from higisk exporting
economieavhich was offset by larger shares ofriskvexporters. IntrAPEC import share was high at 64%

in 2013, but decelerated from 77% in 2000, with a large contribution from Korea.

Figure 11.6: Oil Product Import Sources, 2000 -13
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Gas Import Sources

Initially, the economy was dependent on Indonesia for gas imports, about 30% of total imports in
2000, but slowly declined over the historical pwithdthe expanding shares of other major and regular
sources of imports such as AustrBlianeiDarussalanMalaysizand Qatarand later on from RussiBxunei
Darussalaraxported gas to the economy until 2009, which was replaced by Russianesiqilontsriy year.
In 2013, Australia contributed the largest share to total imports, around 20% (11%Qat2000)h 18%
(11% in 200Q0Malaysia with 179Russia with 10%and Indonesia with 7.09Based on the shares of gas
exportersto total importsand the entry of n e w siy ondex aisptayed dnh e e c
improvement0.13HHI in 2013 from 0.261HI in 2000 (Figure 11.7)he economy has begun importing
LNG from Papua New Guinea in 2014 whichuldimprove further the diversity of inmporigins. Similarly,
risk from major exporters declined as a result of expanding shares fiskndgporters. In terms of intra
APEC imports, the share gradually decreased to 55% in 2013 (70% in 2000) with the increasing share of Qatar

imports to toth

Figure 11.7: Natural Gas Import Sources, 2000 -2013
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Korea is situated in Northeast Asia and occupies a total land area of 99,33® stpiErgkm?2).
In the last 13 years (2008), Korea has been one of the fagpesting economies in Asia with its gross
domestic product (GDP) growing at a rate of 6.5%, reaching,8&®illion (2010 USD and Purchasing
Power Parity [PPP]) in 2013. In theesgear, total population stood at around 50 million with a density of
more than 500 people gélometre on average (WB, 2015; EDMC, 2015).

Korea has insufficient fossil fuel resources with a small amount of oil resources (condensate), 6.0
billion cubicmetres (Bcm) of natural gas reserves, and 320 million tonnes (Mt) of recoverable coal reserves
(KESIS, 2015; EIA, 2014). As such, the economy relies heavily on energy imports to meet its domestic energy
requirements and sustain economic growth, about fOp#itnary energy consumption, which is the finth
largest in the world (EIA, 2015; BP, 2015). With its huge energy requirement, the economylasgastfifth
oil importer, and seco#ldrgest importer of coal and liquefied natural gas (LNG) (APERC, 2016).

Figure 12.1: Primary Energy Supply, 2000 -13
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I n 2013, Koreabds primary energy supply requiren

during the 13ear period. More than half of the energy requirement was sourced from oil (38%) and gas (18%),
while coal provided ofibird, nuclear added 14%, and renewables around 2.0%. From this energy mix, the
economy received a diversity index of 0.27 in 2013, having a riodarabeentration of energy sources. It

may be observed that the diversity irdkmotined over the historical period, fron® @32000, due to a

decreasing share of oil to total primary energy (Figure 12.1).
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The economyds oil supply requirement had been c
annually, 97 Mtoe in 2013 from 99 Mtoe in 2000, due to reduced requirements from power, industry and
residential sectors resulting from the expanded use rafl gais) coal and nuclear energy. Oil share to total
primary energy decelerated from more than half in 2
requirement is projected to continue its trend, decreasing at 0.6% annually until 2040 (APERGff261.6).
the limited oil resources, the economy has been engaging in several oil exploration and development projects

overseas to secure more crude oil for its domestic requirement (EIA, 2015).

Natural gas has become an important fuel for the econdmgimiist a threefold increase in gas
supply requirement, 48 Mtoe in 2013 from 17 Mtoe in 2000. Gas share to primary energy supply doubled in
2013, 18% of the total (from 9.0% in 2000). Nearly all of the gas supply requirement is being satisfied by
importsThe economyds modest gas reserves only account f
the economy is not among the top major gas consecomgmiesn the world, it is the secofatgest
importer of LNG next to Japan (EIA, 2015). Gas consam#iseen to grow annually at 1.064il(2040)
(APERC, 2016).

In 2013, energy intensity was 160.6 tonnes of oil equivalent per USD million GDP (toe/USD
million), an improvement of 17% from the 2000 level. On the otherpnamadryenergy per capita had
increased by 17% in 2013 at 5.3 toe/person from 4.0 toe/person in 2000 (EGEDA, 2015).

z N S
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Overall, Koreaf6s o0oil security index sBWwed i mpr
in 2013 from 2% in 200QFigure 12.2Receiving a loimdexmeans lower risk level on supply disruption.
Among the indicators used, the technical/techpaholicator received the highgskin 2013 a#t8% (5%6
in 2000)This indicatocoveredsix subindicators in determining the risk level with one assigned as an external
factor.Factors that contributed &dhigh indewaluein the technical/technolggndicator are the oil reserves
production(R/P) ratio and the oil seiufficiency sundicators. The economy has very limited oil resources,
for which the small amount of production of dligat crudeoil (condensates) only represents 0.5% of total
refinery demand. Given this, almost all of the crude oil requirement was imported, &edirttt
dependency level is at 100%. The high refitibsgtionrate subindicator was also a contributing factor as
the refinersd ope at@0oilemen 2018, pha econoryy had &is refiadryrfagilitiels ywith
an aggregate capaafy3.0 million barrels per dayimibbld), which could meet about 123% (at 85%
operating capacity) of its domestic oil products demand (OG1,52088,, 2015). The economy has the
sixthtlargest refinery capacity in the world, three of which are amdiiglaingest in the world, making the
economyasone oftheleading refiners in Asia. With this much refinery capacity, the economy is a net exporter

of oil products with significant exports to Chia@anindonesiaand Singapore (EIA, 2015).
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Figure 12 .2: Oil Supply Security Index, 2000 -13
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The logistics efficiency siglicatorbased on the Logistics Performance Index (LPI) of the World
Bank (WB), isne of the reasons for the improvement in the technical/techinadogator. The LPI assesses
the infrastructure and logistics efficiency and quality of the difesr@mbmies This subindicator
demonstrated a decre&®m 29% in 2000 t86% in 2013The oil production ratgsubindicator) ofcrude
oil exporters as an external factor of security risk also slid down significantly to 5.0% in 2013 (20% in 2000)
with the increasing import share ofrigih exportinggconomiefrom the Middle East. The shafecrude oil
imports from the Middle East increased fewound70% in 2000 to 80% in 2013.

The social indicator indéwith only one sulmdicator)had been steadggt he ecoinomyds
consumption per capigxhibited a minimal reduction, 0.7% annualfjistered at 1.9 toe/person in 2013
(from 2.1 toe/person in 2000).h e e ¢ @ihconswnptismer capita level was above the APEC average
of 0.80 toe/person in 201& should be noted that thisubindicator iscomputedrelative to theoil
consumption per capievel(highesand lowedevel)of other APEC economies, and the historical variations

in the economgighesteggoeded) capita | evel

The economic indicatdisplayed an improvemédeclining riskgver the historicgleriodat21%
in 2013 from 26% in 2008s the oil supply requirement slowly fell, oil intensity considerably improved by
40%, higher than the energy intensity reduction. The ecogistereehn oil intensity level of 58.8 toe/USD
million in 2013, fromhie 2000 level of 101.4 toe/USD million. The same appfmathodology)n oil
consumption per capitaas used fooil intensitysubindicator. The economy likewise received a better
ganding n t he o0Ease o f-indidator from WB, translag o $iavidg éevautabldusiness
environment that could reducethe fi$le0 Eas e of Do i -mgjcatBdroppedby $peréentaga b
points, from 26% in 2000 to 16% in 2013. However, there was an increase in the crude oil diveicatysub
as Saudi Arabia crude expanded its share to total imports, while the oil product diredgitsutbecreased

with the entry of other exporters making the sources more diversified.
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The political indicat@howed the largest improvementiecrease &2 percentage points in 2013
at 17% from 29% in 20@@windexmeandower risk It (political indicator) composed of six-sudlicators,
three each assigned as internal and external fEotoksey reasonfordld e c | i ne i s t he economy
as a member of the International Energy Agency (IEA) in 2002, which implements an International Energy
Program (IEP) covering collective and coordinated actions on emergency responses during oil supply
disruption among embereconomieglEA, 2012). Said agreement reduces the risk of the economy in the
event of oil supply emergencies. The local stabilitpdichtorwas45% in 2013 (43% historical average),
which is under the category of raigposure. The local stabisityzindicator used the WovlideGovernance
Indicator (WGI) of WB, which evaluates the quality of governance and the perceptions on the likelihood of
political instabil ity .indBatomaslaaexteryalfactorhlikerdicergdahigher 6 s st
indexwith a historical average of around 50% as the economy is highly dependent on Middle East imports,
specifically for crude oil. With this, the chokepoinirglibator had been rising as the share of Middle East

importsincreasedverthe historical period.

The environmental indicatarovering climate change and natural disasténdstetors (both
considered under internal and external factmpped to 14% in 2013 (from 18% in 2000} resulted in
an improvement ithe climag¢ change stibpdicator (internal factor) to 25% in 20ft8nG 31% in 2000). The
climate change sutdicatolisbased on the Notre Dame Global Adaption Index-(WBN), which evaluates
the differeneconomgs exposure, adaptive capacity and readinessitogact of climate change. The climate
change sulndicator (external factor) for oil export@sdemonstrated a decreasing index, which could be

attributed to the increasing share of oil exporters and new entrants with a lésaiNNBdex.

The law indicator earnglake lowestrisk at 11% (historical averagB)is indicator included four
subindicators (one as an external facttwg.economy obtained the lowedexin the oil strategic stockpiling
subindicator for having the largest stock level compared with other APEC economies. The economy
exceeded the required 90 days of oil net imports stockholding obligation as requireblyholid#g
government stocks and reqmgra minimum stockholding obligation on industry. Crude refirebliged
to hold at least 40 days of stocks, in either crude or products (excluding naphtha), basezhtimavéfage
of their previous yeards sal es. Product i mporters, L
to hold at least 3@ays of stocks based on their domestic sales (APERC, 2015). As of December 2013, the
economyds oil stock |l evel was 233 days of net i mport
policy and measures with the creation of the National Emeffeategy Organization (NESO), which
contributes to lowering the risks during suppigrgencigpAPERC, 2015 r om t he WGI , t he or ul
subindicator (external indicator) for the oil exporters, although relatively high, dropped to 42% in 2013 (46%

in2000)0The oOrule of | awé evaluat,amongotherssqual ity of cont:i
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Korea obtained a highsupplysecurityrisk for gas at 30% in 2013 (still under the moderate
exposure category), a modest increase from 28200 (Figure 12.3) The same as in oil, the
technical/technologindicator received the highesk among the indicatorshis indicator covered eight
subindicators (two as part of the external fgctdespite having proven gas reserves, productioraisand
negligible to meet the growing gas demand of the ec
met through LNG imports since the economy hasrarsbordergas pipeline. Given this, the gas self
sufficiency suindicatorwas100%. In2013, the economy imported around 54 billion codics (Becm) of
LNG, representing about 15% of global LNG trade (EIA, 2015). As the economy started to produce a minimal
amount of gas in 2005 and with no additional gas reserves fiRéi3 rdi® subindicator progressively went
up to more than 70% in 2013 from only 34% in 2005, which caused the technical/fgobivztay to have

an increasingend

Figure 12.3: Gas Supply Security Index, 2000 -13
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The economy has built huge regasification terminals (RGT) relative to its gas demand with a total
capacity of 146 billion cubic metres per year (Bcm/y) in 2013. This total capacity haGh dtiligaRon
rate (as a stihdictor) in 2013, thus still having more spare capacity that could be utilised to receive LNG
imports from other sources and consequently contributing to lowering the security risk (under the
technical/technology indicato¥)eanwhile, the LNG export terminals (liquefaction capacity) of gas exporters
were already operating at almost full capacity, thereby the LNG utilisationinalieagob as an external

factor had a higimdex

The political indicatgwith same suindicatoraisedn oil securityylemonstrated a stable historical

indexof 41%, on averagé.h e e x p or t e-indicator &g aan bxtetnal fagtor) ad been going down,
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50% in 2013 from 58% in 20G% a result ahcreasing imports from @a, replacing a large portion of
Indonesian gas impor€atar received a bettecal stability indesompared with Indonediased oWGI,
whichled to the decreaseénx p o r t e rs@bsndicator Bldweverj as the share of Middle East imports
increased (54% in 2013; 33% in 2000), the chokepotirtdszdior likewise escalatéd. the IERIEA
agreement currently does not yet cover gas seahatitgernational/multilateral agreementgas security
swb-indicator received a higbsult This subindicatormayimprove once IEA decided to include gas in its

supply security portfolio considering the growing importance of gas in the energy mix of many economies.

The law indicator also displayed a steadyan®&% which consisted of threebindicators (one
as an external factofheeconomy received a 5@8dexin the gas emergency preparednessdigator for
the reason that all gas imports were received via LNG Emk@resence of a pipeline as another means of
receiving gas imfe could enhance the gas emergency preparedness of the economy in the event that the
shipment of LNG is disrupted due to various possible re&orike other handhte or ul e - of |l awo

indicator (as an external factor) declined to 42% in 2013 (4890)invih increasing Qatar imports.

The social indicator index significantly rose to 21% in 2013 from only 8.0% in 2000 as triggered by
thegas consumption per catddi ndi cat or . gab boasumptioo peo capitdre than doubled
in 2013 at 0®toe/person from 0.&toe/person in 2000-hegas consumptigmer capita level was above the

APEC average of 0.58 toe toe/person in 2013.

The economic indicator, composed of sixisdizators, remained stahtd6% over the historical
period.Although the gas share to primary energy and gas irgebsityicatorsvent up, the increases were
offset by thémprovement igas import diversisubindicatorandthed Eas e of Doi-imdjicatBusi nessé
as explained in the oil secuftgs shart primary energy expanded from 9.0% in 2000 to 18% in 2013, while
gas intensity rose to 29.0 toe/USD million in 2013 from only 17.4 toe/USD million im@an@hile, the
diversityindexdeclinedy 10 percentages points, from 27% in 2000 to 17% ira&®i& economy diversified

its imports sourceplease see discussion on Imports and Sources section).

The environmental indicator decreased (15% in 2013; 18% in 2000) with the improvement in the
climate changsubindicator(as an internal factoss alreadgliscussedbove (oil security). Similarly, the
climate changribindicatorfor exporters as an external factor decelerated as Qatar also receivéiDa lower

GAIN indexon climate change
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Without much oil resources allowmagligible crude production, Korea is heavily dependent on
imports for its refinery demand. However, following a decline in the oil supply requirement, crude imports

were going down from the 2000 level until 2009 and then went up again as demandAimcosasadilar
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trend was observed for the economyds oil product ex
rate of 2.5%. On the other hand, despite the decreasing oil supply requirement, oil product imports had
demonstrated a steady insesaver the historical period, which grew at 3.9% an@waligll, total oil imports

just slightly rose at 0.8% annually during the same period, while oil net imports were almost unchanged in 2013

(from the 2000 level), which stood at 109 Mtoe (Figue 12

Just like in oil, the economy has no significant amount of gas reserves with local production covering
only less than 1.0% of demafysildomestic gas supply requirement nearly tripled in 2013 (from the 2000 level),
so as the ecoGasmpdts inthaferm of kNG grewannually at 8.2% reaching 48 Mtoe
in 2013 (53 Bcm) (Figure 12.4).

Figure 12.4: Production, Net Imports and Demand, 2000 -13
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Crude Import Sources

Kor eads d ifore@udesail imgortsvas at @.28IHI (low concentration) in 2013, higher
than the 2000 level of OHBI (Figure 12.5)The increase in the diversity index dueto the expanding
share of QaudiKudrmahidadsrude oi l to total i mports. T
2013 from 32% in 2000, and Kuwait to 16% from 8.0%. The economy relied significantly on Middle East
imports,about80%of total importgfrom 68% in 2000).
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Figure 12.5: Crude Oil Import Sources, 2000-13
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The risk associated with thajorimport sources was still considered modkratat 22% in 2013

(20% in 2000), from a high of 23%. The increase was caused by a higher share of Saudi imports, but those

years with the highastdex(23%) vasa result of imports from Iran and Iraq, whidthbhal higher local

stabil

only 4.

ndex.
2013

ity i
0% in

Oil Product Import Sources

Over the hist

Given t he e c oAPEGin@dosswdre @d&londeveh,cy on N
(from 9.0% in 2000) | argely contri
orical period, the economy&fs oil p

indexof 0.06HHI in 2013 (0.161HI in 2010)Figure 12.6Dnly the United Arab Emirates (UAE) had been

the consistent and major source of impdte. UAE share to total imports even reached as high as 16% in
some years. In 2013, import sources were SingaporeR0$8g (11%PDatar (10%)Japan (9.0%and
UAE (8.0%). Before, the economy received importsGtina; Indonesia; Malaysiatia; Saudi Arabjand,

Kuwait as the majamportsources in certain yedtsingthe historical period.

Figure 12.6: Oil Product Import Sources, 2000 -13
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The risk from oil producehajorexportersves still lav at 12% with the entry of Singapore and Japan
exports, from 17% in 2000 when among the major import sources, such as India and Saudi Arabia, had higher
index in local stabilityleanwhile, the share of iIR&KBREC imports went down to 5.0% in 2013 (lafgahy
Singapore and Japan) from 10% in 2000.

Gaslmport Sources

Mainly, the economy sourced much of its gas imports from four €dQatas Indonesia, Malaysia
and Oman. Initially, Indonesia provided more than 40% of import requirements of the economy, but gradually
lost its market share from other major importcasirin 2013, Qatar secured a 34% $haoéal imports,
while I ndonesiads share was cut to 14%. I'n the same
which started to export gas in 2012, cornered 9.0% of total irdyitht¢his trend on import seoces, the
economyds diversity index improved to 0. 1-fow HHI (Il ow

concentration) in 20@Bigure 12.7).

Associated risk fromajorgas exporters was relatively high at 38% in 2000, but went down to 25%
with expanding import shares from Qatar and even Malaysia (with better local stability index compared with
Indonesia). With declining share of Indonesia;AREC importsdecreaseftom a high of 65% in 2000 to
35% in 2013 (with a contribution from Malaysia).

Figure 12.7: Natural Gas Import Sources, 2000 -2013
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Malaysia, located in Southeast Asia, has a total territory of aboutsgg@y&i®metregkmz2).
The economy is separated by the South China Sea into two main geographical areas comprising Peninsular
Malaysia in the west, and Sabah and Sarawak on the island of Borneo. The capital city of Malaysia is Kuala
Lumpur, while Putrajaya hosts the et#te federal government (EPU, 2013). In 2013, the population was
29.5million, an increase of 1.7% fromn2iflion in 2012 (EGEDA, 2015).

Mal aysi ads gross domes ti4dbiliop (20168 USDtpurdhasibgppwer e ac h e d
parity [PPP]) in 2013jttv GDP per capita around US3,446. The largest contributions to GDP were from
services (55%) and manufacturing (25%) (MOF, 2014). In 2014, the main export products were electrical and
electronic (E&E) products at about 33% of total exports, petroledocts at 9.2% and liquefied natural gas
(LNG) at 8.4% (MATRADE, 2015).

When compared with other large economies in théPAsific Economic Cooperation (APEC),
Mal aysi ad6s energy resources can be conteaitdeccased moder
Malaysian states hold nearlytwoi r ds of Mal aysi ads energy reserves,; t
The economyds oi l reserves (i riBbbl)waks aof ghicktiefoutceim s at e) w
Peninsular Malags(the Malay basin). The abundant natural gas reserves of the economy are estimated at
approximately 98 trillion cubic feet (Tcf), with nearly half found in the Sarawak basin. The coal reserves,
assessed at 1.9 billion tonfty are located mostly inr8wak and Sabah (EC, 2014).

In May 2015, the government launched the Eleventh Malaysia Fdaf 2616e final stage in the
journey toward realizing Vision 2020, a-teng development plan launched in 1991 that envisions Malaysia
as a fully developedonomy, by 2020. Under the Eleventh Malaysia Plan, energy security and RE will continue
to be considered, while demaide management (DSM), a major paradigm shift, which incorporates energy
efficiency and conservation measures, will be implementddritoa@nsure the sustainable management of
energy resources. Several notable strategies, initiatives and targets to improve energy security in Malaysia under
the Eleventh Malaysia Plan are strengthening the gas supply security and connectivitgupiply ttal
Peninsular Malaysia of 2,500 million standard cubic feet per day (mmscf/d), operationalize regasification
terminal2 (RGT-2) in 2017 and provide an additional buffer from swing field and supply storagelin RGT
(EPU, 2015).

Mal ay s i a ongendrgy supdly wasnd@lliomatonnes of oil equivalemtpe) in 2013, an
increase of 80% from the 2000 level of 49 Mtoe. Natural gas contributed the largest share at approximately
43% (38 Mtoe), followed by oil with a 35% share (31 Mtoe) and coallWdthshare (15 Mtoe). Other
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resources include hydro, which in 2013 provided a minimal share of approximately 5% (4.6 Mtoe) to the
primary energy supply (IEA, 2018)2000, the combination of both the oil and gas shares as primary energy

equals 89%, andaognizing that Malaysia has been overly reliant to gas, more coal was introduced in the fuel

mix, which caused the share of both oil and gas to drop to 78% in 2013 (Figure 13.1). Due to the introduction

of more coal, Mal ay s ipravédsfrorp 0.40 mao00/to 3@ 2043y di ver si ty i

Figure 13.1: Primary Energy Supply, 2000 -13
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In 2013, energy intensity stood at 135.2 toe/million 2010 USD based on the primary energy supply
requirement, a drop from 137.4 toe/million 21010 USD in 208@Gafte trend is seen for the primary energy
per capita that increased from 2.1 toe/person in 2000 to 3.0 toe/person in 2013 (IEA, 2015 and EGEDA,

2015).

Z
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Mal aysi abds overall average oil suppling0lxx ecurity
Out of the six indicators that were evaluated, three indiégiolisical, social and ladvshowed a slight

increase in risk while the other three indicators decreased (Figure 13.2).

The political indicator reduced by 0.3%, from 35.5% in 2000 to 35.2% in 2013. This indicator
reached its lowest risk point in 2005 at 30.6% due to better local stability as refiwt&dodgvide
Governance Iridator (WGI), as well as a reduction inagy attacks from 21 incidents in 2000 to three
incidents in 2005. However, in 2013, both indicators showed an upward trend, of which the local stability risk
reached slightly lower than the 2000 level, while the piracy incidents reached the high2dt gitéicks.

However, thehokepoint risk (external risk) reduced by 0.1%, whiedtregpall the overall political indicator

from increasing further.
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Figure 13.2: Oil Supply Security Index, 2000 -13
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The economic indicatoealiseda bigimprovement, peaking in 2001 at 42% before dropping to
35% in 2013. There are four $omdhicators under the economic indicator that contributed hugely to the
reduction 6risk d improvement irdo Bse ofDoingBusiness from 38% in 2001 to 21% 2013, oil intensity
reduction from 84% risk in 2000 (53 toe/million 2010 USD) to 73% risk in 2013 (47 toe/million 2010 USD),
improvements in the crude oil import source diversity @@ HHI in 2000 to 0.11 HHI in 2Q1&nd
improvements in the oil product import source diversity from 0.97 HHI in 2000 to 0.37 HHI in 2013.

There is only one indicator used to determine the social indicator, whicbhrsumption per
capita As adeveloping economy, Mala§ss#l consumption per capit@ntinued to increase over the years
due to rapid economic expansion and a rising middle class, from 0.81 toe/person in 2000 to 1.05 toe/person
in 2013 (nearly a 30% increase). With the huge aegetagf mass public transportatiothia eonomy; oil

consumption per capiteexpected to increase at a lower rate compared with historical growth.

The technical/technology indicator shows a slight decrease, from 21% in 2000 to 20% in 2013,
mainly beasse of the improvement in mkserveproduction R/P) ratio from 10.6 years in 2004 to 18.6 years
in 2013 due to aggressive exploration by theostatal oil company, PETRONAS. Malaysia also improved
its logistics efficiency marginally by 1.5 percgmage from 2000 to 2013, which further lowered the risk.
However, a slight increages seen in refinentilisationrate (in case of emergency, a higtiéationrate is

assumed to give higher constraints to oil product supply) from 75% in 2060rnt@883.

The law indicator showed almost a stable number for the first hahlistdhieaperiod. It peaked
in 2012 to 52% as the resource extraction regulatidndgtdior showed an upward trend before coming
down to 44% in 2013. As oil stockygjlis considered to be one of the-imdlicators under the law indicator,
the economyotched the highest risk in this $odicator due to the lack of stockpiling facilities. However,
the eonomyshould be able to improve the law risk once the goverdeoites to introduce an oil stockpiling

policy in the future.
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The final indicator was established in order to gauge supply disruption risk due to environmental
factors. Only two suimdicators are used under this indicator, which are readiness and vulnerability in facing

climate change and natural disaster riskintigator showed an improvement from 22% in 2000 to 19% in

2013, partly due the economys | mpr oved i n readi nessslimaacthangeasduced v L
reported by the Notre Danrt&lobal Adaptation IndefND-GAIN). The ND-GAIN indexesshoved that
Mal aysiads vulnerability was O0.inp@ved fron02@R@0anthd 0. 34 i

to 0.61 in 2013 (ND GAIN, 20186).

A0 3AAOOEOU

On average, the gas securityisiskghtly higher than oil by0»ercentage points. Mgsia is a net
gas exporter and in 2013, Malaysia became the-leegeatiLNG exporter in the world, outsized only by
Qatar (IGU, 2015). With seven projects now under construction (with a total capacity of 58 million tonnes per
year), Australia is expgttto overtake both Qatar and Malaysia to have the largest liquefaction capacity by
2018.

I n the year 2000, Ma lwasyowdr thah sil a2 amd by 2023, theaisk secur i
increasgto 2®6. Two indicators showed improvema&itéw andeconomic indicatogswhile the rest of the

indicatorglisplaye@n upward trend (Figure 13.3).

Malaysia started to import gas (through pipelines) in 2003, which subsequently resulted in a big jump
in the technical/technologiydicators, as well @s the subindicators3® There are many factors that
contributed to the decision to import,gasgh as a mismatch between resource locations acdritvad
which is a major challenge the economywhile Peninsular Malaysia accounts for more than 85% of
eledricity demand, nearly twhirds (64%) of fossil fuel production takes place in Sabah and Sarawak (EC,
2015)), the proximity of the import source production location to deeranekand the cost of transporting

the fuel.

The e c editcaiydi@abr increased slightly by aroun@ gercentage poirftdom 26% in
2000 to 28% in 2013. Apart from local stability and piracy incident indizdtbesé been discussed earlier
in the oil securityndex(gas supply security indexatititised the same tig, the increase of risk in the import
source stability stibdicator greatly influenced the upward trend in the political indicator (from 0% in 2000
due to no imports to.@% in 2003 the highest, and®6 in 2013).

30 The study recogred that there are many rational reasons considered in the decision to import fuel, such as cost, proximity and regional
integration objective. However, as energg\ifiency is always at the top of most government agendas, once the economy sought to
i mport fuel, it means the supply risk wild!l subject to external f
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Figure 13.3: Gas Supply Security Index, 2000 -13
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The ecaomic indicator improved from 36% in 2000 &34 2013. There are many-guficators
that showed improvemestich as the sharégas to primary energy from 50% in 2000 to 43% in 2013 and
gas intensity reduction from 68.6 toe/million 2010 USD in 2000 to 58 toe/million 2010 USD in 2013. If we
look at the 2003 (the year Malaysia started to import gas) to 2013 period, the hskasodenicdicator
felltremendously, at nearly 15 percentage pOimisof the primary factors that contributedgk reduction
occurreds the operationalization of a regasification terminal (RGT) in 2013 &igbichprovel the law
indicato}. In 2003, Malays$iagas import source diversity stood at 1.0 HHI, which meansvtsesaly one
import source and a severe lack of diversity. By introducing RGT in 2013, the import sourée piegegity
to 0.23 HHI.

The sociahdicatorhas only one dicator which igas consumption per capital n 2 00 0, Mal ay s
gas consumption per capitas 1.06 toe/person and reached its highest point in 200®etderson before
going down to B.toe/person in 2013. The overall increase contributed to the upward trend in the social
indicator, from 17% in 2000 to 21% in 2013. Howéwereconomy gas consumption per capitald be
considered low compared with other major gas consumers sussiasviu 3.toe/person and the tited

Sateswith 1.9 toe/person, both recorded in 2013.

The technical/technology indicator incrdaaéth high volatility, from 11% in 2000 to 32% in 2013.
Malaysia started to import gas in 2003, which resultediistthigkfincrease and in 2004. In 201 0ntheator
increased again diogthe highutilisationof transbordergas pipelines that reached 100% (from 22089,
thetransbordergas pipelingtilisationrate wasnlyaround 60% 75%).The reason fohe sudden spike was
because of supply disruptions from local production due to fire incident that occurred on one of the major gas
platforms. This incident forced the gas supplier to buy more gaseigithouringeconomiesAnother
increase was seen aga2013 as the economy introduced a new RiBTugh RGT will definitely improve

import source diversity, it wallided constraint technical/technology capacisesh as thatilisation rate
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of the RGT In 2013, thaitilisationrate of RGTwesat40%, whi |l e the LNG exporterods
rate sbodat 62%.

Under the lawndicator threesubindicators were usédesource extraction regulations (which was
briefly discussed under the oil supply security index), gas emergency preparedmasteadf [aw (only
applied to exporters in order to gauge the risk of contract flauntthg)gas emergency preparedness, there
are four elements considefethe existence of a gas emergency preparedness policy, underground storage,
availabilif of transitional pipelines and availability of RGT. The introduction of R@&{ thelgconomyo
reduce the risik this subindicatorby 17%. Thérule of law subindicator for gas exporters decreased from
34% in 2003 (where there was one import source) to 28% in 2013 (there were eight import sources due to the

completion of RGT).

As for the environmental indicatibie studytilised the same data as in tthewupply security index.
Sincethe economys environment al factors have been discusse:
focuseé on environmental risk from import sources. Import source vulnerability and readiness in facing climate
change deemsd from 30% in 2003 to 25% in 2013tk economygtarted to diversify its import sources,
from one economy to eight economies in 2013. Thus gtliteetpaintain the environmental indicator for gas

at 17% for the 208B013 period.

I BT OO0 ADA 31 OOAA

Malaysia produced 29.7 Mtoe of oil in 2013 (a slight decrease from 32.2 Mtoe in 2000), while oil
demand increased from 19.1 Mtoe in 2000 to 30.9 Mtoe

In 2013, the economy became a net oil imporieM(be), mostly oil products such as diesel (IEA, 2015).

Figure 13.4: Production, Net Imports and Demand, 2000 -13
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As for gas, although the productinoreased by almost double, the demand rose by more than

double, which prompted the economy to build RGT in order to meet the increasing demand. Gas imports went

up by nearly five times, from 2.0 Mtoe in 2000 to nearly 10 Mtoe in 2013 (Figure 13.4).

Malay& produces teguality crude oil that is highly sought after by economies around the world.

Thus, the economyds <crude oill product i &rom thes

abl e t

economyds perspective, forthigheradvense arsl@nmpatether typessobctutle t he ¢

oil to be refined locally.

Crude Import Sources

Malaysia imported most of the crude oil from Middle East economies, mainly Saudi Arabia, the

United Arab Emirates and Om@igure 13.5However, by 201%he shares of these economies as export

reduced significantly fron2% in 2000 to 32% in 20Tisshowed thathe economyiversifedits import

sources, which eventually lowered the import supply disruption risk from 23% in 2000 to 17% int2013. Mos

of the risk reductiowasd u e t o b e toule of lavériskp(foom #2686rin@800 to 26% in 2013) as well

as lower chokepoint risk (from 20% in 2000 to 13% in 2013)ARE@ crude oil imports to Malaysia
accoungdfor about 20%80% for most of the timéhe bulk of which sourced froviiet Nam.

Figure 13.5: Crude Oil Import Sources, 2000 -13
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Oil Product Import Sources

The same case could be seen for oil produet® e economy started to diversify the import
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sourcesSingapore used to be the major source of oil product imports for the e¢boome v e r

Si

ngapor

share to total imports fell from nearly 100% in 2000 to around 55% in 2013 (Figure 13.6). Wdthough t
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economy diversified its import sources, the risk of import supply disruption remained almost the same as in
2000.This was due to the proximity of Singapore (which eliminates the chokepoint risk) as well as the high
political riskrahd bfghaw. dedheehoffjhést risk was r
Saudi Arabia increased by tHod&. This does not indicate that Saudi Arabia per se isrskigimpplier, but

there are other factors that contributed to the risk such as chokispppitacy and regional stability.

Figure 13.6: Oil Product Import Sources, 2000 -13
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Gas Import Sources

As mentioned earlier, Malaysia started to import gas in 2003 from a single source. In 2013, when the
RGT started its operation, the economy imported gas from more than seven economies. The risk of import
supply disruption decreased slightly as the ecatieengified its import sources. In 2003, the exporter risk
was 38%, and the risk decreased to 32% in 2013. Despite an increase in chokepoint risk as more gas was coming
from the Middle East region and Africa, the diversification of import sources namageml/e the exporter
orule of lawodé risk, as well as exporterds gas produ

a steadier flow of gas).
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Figure 13.7: Natural Gas Import Sources, 2000 -2013
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Mexico, officially known as the United Mexican States (EStsidosMexicanos in Spanish), is a
North American federal republic bordered by the United States to the north, Belize and Guatemala to the south,
and theAtlantic and Pacific Oceans on the east and west, respectively. For cultural and historic reasons, Mexico
has been commonly regarded as a Latin American economy, although its geographical location and economic
integration are in North America (APERC, 2036éveral major reforms and free trade agreements introduced
since the 1990s have resulted in macroeconomic stability and increased the flow of foreign direct investment
into Mexico, making it one of the largest developing economies with a robustumaguifatistryin 2013,
the economyds gross dome &,900DbdliondUS® @01 Rrice (aigiPerghasinge a ¢ h e d
Power Parity [PPP]), exhibiting an annual growth r&8%fin the last 13 years (22003) (WB, 2015;
EDMC, 2015)In the samgeartotal populatiorstood at 237 million.

By the end of 2013, the net primary energy supply of Mexico amounted to morertiigiori91
tonnes of oil equivalen¥foe), an increase of 32% over the 2000 level. Oil, the major source of energy in
Mexicq helda 52% share of primary soufolowed by gas with 32@oth fuels providing an aggregate share
of 84% of the primary energy supglizA, 2015). Other fuel sour¢esich as coal, nuclear and renewable
energy accounted fothe remaining 16%, a dease of D percentage points compared with 2000 (Figure
14.1).Over the 200@013 period, oil share gradually declined (from more than 60% in 2000), while gas
contribution expanded significantly from only 20% in 2000, which resulted in the improubepritiary
energy diversity level fram3 HHI in 2000 to 0.38 HHI in 2013.

In 2014, Mexico produced 2.4 million barrels peMiail§ld) of crude oil, mostly the heavy type.
This volume was 3.7% lower than the previous year level, mostly duedinthendsveral major fields. In
particular, the economy faces the challenge of replacing the output from its once largest oil asset Cantarell, a
supergiant field, which was already at its peak in 2004 producing afdumob?d]l more than 60% of the
total crude oil production in Mexico. However, its productivity has been decreasing rapidly since then. By the
end of 2014, Cantarell produced less thatMthbld, representing only 15% of the econemige
production (PEMEX, 2014).

In the last few yearthie biggest oil company in Mexico, the Petrélieoscanos (PEMEX), has
focused its strategy on the discovery and development of new oil fields that can offset the naturi$ decline of
major asset$he economy is a net crude oil exporter with arouhdfhis total crude oil production being
exported, especially to the United States, making it tHat@st oil supplier to the U.S. in 2014, after Canada
and Saudi Arabia (EIA, 201Bgspite its robust production of crude oil and a domestic tibistitapacity
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of 1.7Mmbbld from the six refineries, the economy is a net importer of oil products, especially gasoline.

Figure 14.1: Primary Energy Supply, 2000 -13
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On the other hand]thoughthe economys one of the largest gas producers iABeC region,
its productiorievelshows a declining trend. In 20@, economyproduced 3®illion cubiometres Bcm) of
gasandit peaked in 2009 with 48 Bcm before declining to 42 Bem inr28pde ofhuge gas production,
the economymportedaround23 Bcm of gas, mainly from theSUequivalent to 34% of total domestic
demand (Cedigaz, 2016)

In 2013, energy intensity stood at 100.7 toe/million 2010 USD based on the primary energy supply
requirement, an increase dPA4 from the 2000 levdlhe same increasing trend can be seen in primary energy
per capitawhich stood at étoe/person, an increase of 10% from the 2000 level (IEA, 2015 and EGEDA,
2015).
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of the six indicators established, two indicétpditical and technical/technologgxhibited atincreasén

security indexwhilethe other four indicators displayedecreasgincreaser remainedinchanged.

The politicaindicator, which is based on the average of sirdightors, increased b8 (from
29% in 2000 to 32% in 2013) due to an increase in risk in the local stahiliigasiob. Mexico is expected
to improve the political risk once the economy becarfidiledged IEA member with support under the
IEA-International Energy Program (IEFjom the resultdyy becoming an IEA membérrhe economy&s

political risk auld beimprovel by 10 percentage poirtdeanwhile tere is a very low risk of chokepoints as

1Al though the study made an analysis on both crudtegsinceithe and oil p
total crude oil import is too smalless than 2.0% of total crude oil demand.
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the economymported most of its oil products from theitdd Sates

Figure 14.2: Oil Supply Security Index, 2000 -13
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The technical/technology indicator, which is determined by six technical/technelodigcatdrs,
recorded the highest risk increase from 19% in 2000 to 28% in 20h8redse was caused madiglihe
sudden drop in proven oil reserves (theala was t ak en f,fromB7 bidlibnAbérels id 2001la b a s e )
to 13 billion barrels in 2002 (IEA, 2015). Howexatudngthe abrupt drop in the oil reserves-muicator,
t he e c on o mtediscal/iechiblegy indicator showed an improvemiedt0% (28% in 2013
compared with 29% in 2002), mainly due to the lower raftilisagionrate In 2013, the refinentilisation
rate was89% compared with 94% in 2002.

Under the economic indicator, which is made up of lihdightors, a majémprovement is seen
under the oil share to primary energy and oil intensity, with risk reduction in tivetieagats reduced by
more than 10% each. However, the increase of oil product imports, from 34% in 2000 to 40% in 2013, offset
some of the riskeduction. Although oil product imports increased, the diversity of import sources improved
from 0.77 HHI in 2000 to 0.68 HHI in 2013.

As for the social indicatdr,h e e c oilrcansugndtien per capitaached its peak in 2005 at
0.91 toe/person befor@igpg down to 0.80 toe/person in 201IBis improved the index of this indicdtom
a highof 31% in 2005 to 29% in 2013.

The law indicator exhibitadslight decrease, from 48% in 2000 to 47% in 2013. There are-four sub
indicators that contributed to the law inéethree subndicators for interndhctois (resource extraction
regulations, emergency preparedness and strategic stpckpidiagsub ndi cat or f or exporter (
Most of the internal stindicatos havethe same risk except for resource extraction regulatitob (s
derived from the Global Petroleum Sur@&yS)which saw a slight uptiztk2011(70% indexalug before

coming down to theame level recorded in 20010 (69% indexalug. On top of thatthee x p o Ortlee r & s
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of lawd (for both crude and oil products) reduced from 23% in 2000 to 19% in 2013, which subsequently
improved the external ridlhe economgoes notnaintain a oil stockpile (APERC, 2015).ustbuildingan
oil stackpile may improve the index, although the necessity of having an oil stockpile needs to be discussed

further.

Finally, the environmental indicator risk reduced slightly from 21% in 2000 to 20% in 2013, partly
because df h e e c impravedind@xn readiness and reduced vulnerability t@ghntate change impact
as reported by the Notre Dame Global Adaptation Index (ND GAIN). Based on thishedsqgnomy s
vulnerability improwkby nearly 10% (ND GAIN shadt hat Mexi cods vulnerability
0.35in 2013, where a lowatexmeans the economy is better prepared}@IN, 2016).

In the year 2000, Mexi cobfs average gas security
increased to 32%, making it higher than oil (at 30%). Out of timelisators evaluatetbur of them

demonstratedn increase in riskhile the other two indicators sheml@ reduction trend (Figure 14.3).

The political indicator index increased from 282000 to 32% in 2013. Atlst two suindicators
demonstratedn upward trend local stability and source of gas ingéébility. Local stability, which has
been discussed earlier in the oil supply security index skspiagedn increase ifisk from 55% in 2000
to 65% in 2013.

Figure 14.3: Gas Supply Security Index, 2000 -13
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Although threejuarters of the gas was imported from the UBiteies through pipelines, the risk
of supply disruption due to political stability and the absence of violence/terrorism is very low, since the U.S.
is considered to be a highly stable economy. However, the same thing cannot be said for other isnport source
such as Nigeria, which contributed about 5.0% of the total gas import$3nRE & the high political risk
as indicated through WGI , t hendieatoointreassd®ysl.2geacentagemp or t ¢
points, from 2.7% in 2000 to %9n 2013. Theoretically, if the economy replaces Nigeria (with the same
import share) with a more stable import source such as Qatar or Malaysia, the risk under this indicator could
be lower by 0.2%0.3%.

The econoric indicator showed slight decreaffem 40% in 2000 to 39% in 2013. Out of the six
subindicatorgunder this idicator) two of them marked huge incre@sbe gas intensity sirtdicator, from
20 toe/million 2010 USD in 2000 to 32 toe/million USD 2010 in 2013, and gas share tempeirgginom
20% in 2000 to 32% in 2013. In 2000, the diversity of import sources was 1.0 HHI (meaning there is a single
import source) as thenited Sates wa the only import sourcBy 2013, the diversity level dropped to 0.55
HHI asthe economymportea its gas from multiple sources, which subsequently reduced the risk in the gas

import source diversity sumicator and offset some of the increasether subindicator8 i.n d e x

On the social indicator t h e sgasocansumption per capsteady increased from 0.28
toe/person in 2000 to 0.50 toe/person in 2013. However othlishe considered to be low compared with
other major gas producers such as Russia &titke/person and the tited Sateswith 1.9 toe/persondith
the projected economic expansiothe future, the ¢ o n ogasydénsand is expected to increase by 3.5%
annually until 2040 from the 2010 level, wbiehd subsequently increase tfas consumption per capita
level (APERC, 2016).

Technical/technolgy indicatodemonstratedhe highest increase amdhg indicators, almost
doubling from 23% in 2000 to 42% in 2013. Out of the eightralibators that made up this indicator, four
of them contributed to th@pid increase in this indicator, as fotlows
A Asudden drop in gas reserves from 717 Mtoe in 2002 to 382 Mtoe in 2003 (EIA, 2016);
A The introduction of regasification terminal (RGT) in 2006 (that subsequently introduced new
constraints in the technical/technology indicator) pushed theiffi&tfion rate from 0% in 2005
(when there was no RGT) to 30% in 2013;
A Adecrease in gas silfficiency level from 92% in 2000 to 66% in 2013; and
A Highertransbordergas pipelinatilisationrate (gas imports from theS) from 13% in 2000 to
41% in 2013.

There are three sutdicators under the law indicafbresource extraction regulations, gas

emergency preparedness and exporterds rule of | aw.

32 |In the WGI - Political Stability and Absence of Violence/Terrorism indicator, the World Bank indicates that the governance
performance can be constituteelas (weak) t8.5 (strong). Nigeria scor@dd8 in 2013 for this indicator (WB, 2016)
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2013 resulting frommprovementsn the gas emergencseparedness suiidicator.The study considered
that having a RGT will improve the emergency preparednésdisator. Ashe economyntroduced a
RGT in 2006, the gas emergency preparednesslisalor decreased by 25% in the saméfyaar50% in
2000) which subsequently affected the law indicator. Other fstmensiderech this sukindicatorare the
availability of a policy to tackle gas supply disruptidayailability of underground gas storagerand
bordergas pipéhes.

The environmental indicator showed a slight decrease from 21% in 2000 to 20% in 2013, the same
asin the oil supply security index. As discussed in tbecaility indexhe economymproved its readiness
and reduced vulnerability towselimatechange impact. Since most of the gas imports came fromitdde U

Sates the external risk for the environmental indicator is more or less the same as oil.

) I BT 000 AT A 31 OOAAO

Although Mexico is one of the biggest net energy produtkesAREC region the production
recorded a declining output trend since 2000. In g#@0@conomyroduced about 170 Mtoe of, diut
deceasedo 150 Mtoén 2013IEA, 2015). Most of the oil products are consumed loshllg the rest fer
exports, mainly to thenifedSates As productioteveldeclined and local consumption increabedet oil
imports(crude and oil productshrank almost 40%, from 76 Mtoe in 2000 to 47 Mtoe in 2013 (Figure 14.4).

Figure 14.4: Production, Net Imports and Demand, 2000 -13
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Mexi cobs gas production increased from 36 Mtoe
the same time, the economydosbleffan?8 Mteeim00dto 62Mtoeir ased b
2013. It clearly showed thhe economys gas production is insufficient

subsequently pushed Mexico to impordgasough pipelines from the United States, as well as in liquefied
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naural gas (LNG) form.

Eventhough Mexico is considered to be a net oil exporter due to its huge crude oil production, in
reality the economis a net oil product importer. With oil product demand at around 72 Mtoe in 2013, nearly
a quarter of this demands met by import§he economys net oi | pr otododaRdMtoelnpor t s i n
(IEA, 2015).

Oil Product Import Sources

As Mexico sourced about 88% of its oil product imports fierbtited States in 200dlyersity
indexlevelwas high ab.77 HHI.However, as thg.S import share decreased to 5892007 following an
increase of oil imparfrom the Netherlands (13% share) and Italy (12% share), the diversity level improved
to 0.27 HHI.However, by 2018jversity obil impors sourcs deteriorated to 0.68 HHI due to the increase
in theUnitedStatesmports again §1%sharg. Although import share from the Netherlands increased slightly

by 10, sharef Italy was down to.®% (Figure 14.5).

The top five exportezrovidedaround 80%a 90% oft h e e c oilproduct ihgortsMajor
exportergtop five) ofoil productskepton changing every year with the exception of two ecorbthies
United Stateand Saudi Arabia. Batkonomies had beeansistently appearedlie economy s inporp

sourcesver the historical period.

Figure 14.5: Oil Product Import Sources, 2000 -13
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The riskcovered by the top five import sounaes relatively low at 11% in 2000, peaking in 2004
at 15%anddown t012% in 2013. Since most of the oil product imports came fromited ®ates any risk

changem the U.Swill affectt h e e c riskiod sugpl§ disruption (albeit at a very low rate). As one of these

indicators is local stability, th&sWecorded the highest risk on political stability in 2004, which subsequently
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affected the ¢ o n ampyrssurce risk. However, thesUolitical stability risk improved over the years.

Since the bitedSatesis the major oil product exporterttee e&onomy the intraAPEC imports
had been high over the historical petio@000jntra APEC imports waat 89% of total oil product imports
andwent dowrB1% in 2013. However, if we exclude the US from theAIREE sharethe econompnly
imports aboutl.0%-4.0% of its oil products from APEC members. Rusgle only APEG:conomythat
appeagd in the top five oil product import sourd@gécein 2010 and 2011 with02 and 10% share,

respectively.

Gas Import Sources

In 2000, the bitedSateswas the only gas exportetiite economgnd continued to be until 2005
whenRGT wag(Figure 14.6) (Cedigaz, 2016). Although t8estil dominate as the major source of gas
imports, the economyas been trying to diversify its import soutceg013therewere 10 economies that

exporedgas tahe economy

Similar to oil, the intr&PEC imports was high during the historical period, contributed mainly by
the United States. In addition to the U.S., Indonesia (in 2010 and 2012) and Peru (fronr@phe enthie

other APEC economies that exported gas in LNG form.

Figure 14.6: Natural Gas Import Sources, 2000 -2013
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Fromthe majorexportergtop five exportersjhe supply disruption risglightly higher than oil at
12% in 2000, and it peake®010 a21% beforgoingdown to 15% in 2013. In 2018e economyecorded
the best import source diversity at 0.43 HHI, but with the highest risk from theagpofitegs. In the earlier
discissionjt was mentioned that gas imports from Nigeria incrdsseverall gas supply disruption risk for

the economyue to unstable political conditittigeria)

MO C
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Other risls,such a$ h rile df lawdsand LNG terminaltilisationalso saw increaskn 2010, 20%
of total gas imports came from Nigerie s ul t ed i n a Mé&abwhiterthe Umtedsfateswathwd r i s k
a 62% import share only resulted in 13% Ifisknports from Nigeria could be replaced (theoretically) by
Australia or Russia (boMPEC members) with same import sharedriie of law risk muldbe reduced to
10 and2.0percentage pointespectivel deeper analysis on the risk may help avoid or minimize any supply

disruption in the future.
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New Zealand is an island economy in the South Pacific, comprised of the North Island, South Island
and numerous outer islands. While its land area is between that of Japan and the United Kingdom, its low
population of about 4rillion is comparde to a mediursized Asian city. Due to its remote location, New
Zealand has no electricity or pipeline connections to other economies. New Zealand has a mature economy
with a per capita gross domestic product (GDP) of abouBRSR6 (2010 USD and Pusihg Power Parity
[PPP]) in 2013 (EGEDA, 2015)

New Zealand is sedtifficient in all energy forms except oil. It has a vast renewable energy potential,
which in 2013 accounted for 74% of electricity generation, largely from hydro, geothermal ard wind.
2013t h e e c wtal Erimarg energy supply wasrlion tonnes of oil equivaleMtpe). Oil and gas
were the major contribugwith a combined share of 53%, while the rest was made up of rensucibies
geothermal, wind, solar and other&a2hydro (10%), coal (8%) and biomass, biogas, waste heat, and others

providing the remainderQ% (IEA, 2015) (Figure 15.1).

Figure 15.1: Primary Energy Supply, 2000 -13
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The economyas a high primary energy diversity lev@013, diversity index improved to 0.22
HHI from the 2000level of0.24HHI . During the 200@013period oil share remained stable (33%), while
and gasharedecreased(%. The decrease @gas shareoupled with increasgsrenewable energy shares,

cortributed to the improvement of primary energy diversity.
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The economyheld modest energy resedvd28million barrels \lmbb)) of oil and liquefied
petroleum gas (LPG), biflion cubicmetre(Bcm) of natural gas and 5iffllion tonnegMt) of coal at the
end of 2014 (MBIE, 2015). Qil is sourced from 19 fields in the Taranaki region on the North Island. The
production of crude oil, natural gas liquids and condensate was down by 13% onrerutaegy basis in
2013 compared with 2012. Oil productiorkedan 2008 underpinned by the comingjranof the newest
fields Pohokura, Kupe, Tui and Maari, and from onshore fields such as Cheal and Sidewinder (MBIE, 2015).
New Zealand is a net importer of oil with indigenous production accounting for aroudhg086mestic
oil demand in 2013 (IEA, 2015).

T he e c @ascansudpion shrank by -difth, from 5.1 Mtoan 2000to 4.0 Mtodan 2013
All the gas suppliedas locallyproduced from 18 field¥he economyloes not have liquefied natural gas
(LNG) teminals otransbordergas pipelines (MBIE, 201Gps is largely used fodustrial heat, electricity

generation and in methanol and urea production.

In 2013, energy intensity stood at 125.5 toe/USD million based on the primary energy supply
requirement, a drop by 17% from the 2000 level. On the other hand, primary energy per capita was stable at
about 4.4 toe/persoturing the historical perigdEA, 2015 and EGEDA, 2015).

/' El 3AAOOEOU

New Zeal and®s aver age edabstdble ssly, prpund/22Z28% (fon2000t vy i nd e X
2013) (Figure 15.2). Out of the six indicators that were evaluated, three igioktioed, social and law

demonstratda slight increase in rigkhile the other three indicators decreased.

Figure 15.2: Oil Supply Security Index, 2000 -13

60%
=@ Political
—8— FEconomic

40%
Sodial

T i A = _,-/.—.\“ Technical /Technological
20% - - - - - - - - - - - - Law
> ® - > —@— Environmental

--—--f\yerage

2000 2005 2010 2013
31 OOAAg 'o%w2# Al Al UOEO
.17 06Ad )7 OEA TEI OAAQOEOU ETAAG justm O vttt HOWPOEA T TROEOEDBAA @ OARDIOE OIUA @
AT A AAIT T x EO Ai 1 OEAAOAA 11 xapAWwDE OOCHKADBZOD HDIPA HABRO @DEGeE Tiih MEAEGAEO A
Agpi OO0AR AT A o6um AT A AAT OA EO EEGCE Agpi O00AS8

Among APEC members, New Zealand has one of the lowest risks in the political indicator. The

political indicator index, which is based on the average of risks ofiséhicstbrs (three stibdicators are
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assigned as internal risk and the other thregeasat risk), showed an upward trend from 9.0% in 2000 to

11% in 2013. The local political stability improved from 25% in 2000 to 21% in 2013 (a lower percentage means
higher stability) and no piracy incidents recorded in the economy. On top ofebaidimgy, being a member

of the International Energy Agency (IEA), is covered by théntEMational Energy Program (IH2P),

which contributed to reducing the political risk significantly. As for extermalisators, the import source

stability (bdt crude oil and oil products) had been the main factor that caused the increase in the political
indicator (from 20% in 2000 to 55% in 2013) over the historical period. However, the diversity of import
sources improved (which will be discussed undermthenaic indicator) that helped to lower the chokepoint

risk from 11% in 2000 to 8.0% in 2013.

Under the economic indicator, which is made up of lihdightors, a slight improvement dd 1
percentage poimtas recorded from 29% in 2000 to 28% in 2018.iMbrovement was mainly contributed
to byimport source diversidespecially for oil products and to some extent crudéeieconomimported
its oil products from 32 economies in 28@0number increased to 54 economi2813 Other than divertsi
a decrease in oil intensftpm 50 toe/million 2010 USD in 2000 to 31 toe/million 2010 WHSRO13,

contributed to the improvement in the economic indicator.

As for the social indicatdr,h e e c @il samsamypdicn per capitdached its peak in 2003 at 1.5
toe/person before going dowa 1.4toe/person in 2013. Since the iiisloil consumption per capiteas
made against the highastl lowesbil consumption per capitevelamong APEC membeiass welbs the
changes (highet recor ded) oil aonsumptien perccapithoringytiie shistoricgleriod the
e ¢ o nosprjaldndicatalisplayea slight increase from 25% in 2000 to 27% in 2013.

The technical/technology indicator, an average index of six technicakiggtsuddndicators,
reduced from 43% in 2000 to 40% in 2013. Anttegubindicators that contributdargdy to theincrease
werethe oil selsufficiency level, which deteriorated from 36% in 2000 to 32% in 2013 eeskmes
production R/P) ratio for oil (derived from EIA databasefjch peaked in 2006 with 25.7 years before going
down to 7.4 years in 2013. The refingitigationrate improved from a 100% rate in 2000 to 83% in 2013,
while the ability for exporters to produce crude pildued 16% in 2000 to 10% in 2013.

The law indicator sh@da slight increase in risk, from 19% in 2000 to 21% in 2013. There are four
subindicators under this indicafbthree subndicators for internakhich are resource extraction regulations,
emeg gency preparedness and eérdlerohlawe Ariomg these stibdicatars, i n g , anc
only resource extraction regulations, which is derived from the Global PetroleufGB&j\digplayedn
upward risk, from 21% in 2000 to 3092013 although the economgceived thiowest resource extraction
regulation risk among APEC members. As for emergency prepatieeleessiomynanage to get the lowest
risk due to the availability of regulations in ordeidoesemergencies and higflockpiling requirements (96

days of net importsjhich mad¢heindex for law indicatoelativelyow (APERC, 2015).
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On the environmental indicator with two -sutlicators- readiness and vulnerability in facing
climate change impact, and natisgster risk gainedan improvement from 13% in 2000 to 11% in 2013,
partly due tamprovein readiness and reduced vulnerability in facing climate change impact as reported by the
Notre Dame Global Adaptation Index (NBAIN). In fact,ND-GAIN consideredhe economy with the best
overallindexin the world with low vulnerability towadimate change and a high readineex The ND-
GAIN showedt h e e c whmeranijtydwsas 0.28 in 2000 and 0.26 in 2013, while the reaqtirmesd
from 0.85in 2000to 0.89 in 2013.

A0 3AAOOEOU

Generally, New Zeal and?d srthanvoit at 8660én 2@0@ andPEe cur i ty i
2013. All indicatodemonstratednprovemery led by the social and law indicators (Figure 15.3)tHgince

economyloes not import gas, the discussion will focus on internal factors that can influence gas supply security.

The political indicator, which is made up of sixradibators showed a slight decrease ft6¥h 6
in 2000 to 3% in 2013, attributed to low riskthe local stability stibdicatorwith 21% in 2A 3from25%
in 2@0. Other internal sulmdicators that were used to determine the political indicator are the piracy threat
and the existence of a multilateral agreement on gas emergency supply. Sircadhgracy incidents
reported irthe economgind no gas import infrastructure such as RGT or pipelines (which makes a multilateral

agreement not so relevant) available, botimdidators gt 0% risk.

Figure 15.3: Gas Supply Security Index, 2000 -13
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The economic indicatexhibiteda decrease from 15% in 2000 to 11% in 2013. Out of the seven
subindicators (two of the stibdicators are related itoports), four of them magkl a decreas@hegas
intensity decrease from 48.1 toe/million 2010 USD in 2000 to 27.5 toe/million 2010 USD in 2013 (which can
be translated as 56% in 2000 to 34% in 2013 in indexvititayas share to primary enenggnt dwn to
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20% in 201%om 30% in 2000Theo Bse oDoingBusines§subindicator derived from the Doing Business
Reportimproved, anttigher diversity of primary eneadsq from 0.24 HHI in 2000 to 0.22 HHI in 2013.

The social indicatdrasone sukindicatord the gas consumption per capifah e e c @gaso my 6 s
consumption per capitted steadily decreased from 1.3 toe/person in 20000ttm6/person in 2013, which
contributed to the decrease in the social indicator from 22% in 2000 t@0%% Athough, he economyd s
gas consumption per captn be considered to be low compared with other major gas praliotess
Russia with 2.75 toe/person and the US with 1.93 toe/person (both recorded in 2013), it is still higher than the
APEC aveage of (8toe/person.

The tchnical/technology indicatasarealise@decrease, from 21% in 2000 to 19% in 2013. There
are two sufindicators that contribute to the decrease, the gas R/P ratmaisalor and the underground
natural gas storage sobicator. Based on data derived from ElA, e e ¢ 20fh3ogasypiductidevel
could lasfor about11.6 years, far lower than its peak in 2008 with 17.5 years (EIAT 2086). e conomy & s
underground gas storage was first introduced in 2011 with a oapaltigg 0.27 Bcm of gas (or equivalent
to 6.0% of local demand in 28). The introduction of underground gas storagedrelfuce theriskof the

technical/technology dicator

There are three stifidicators under the law indicator for @essource extraction regulations, gas
emergency prepar e @& mwfelavs As aiscdssee eafier lintthesexbrdy the redource
extraction regulation sufdicator increased from 21% in 2000 to 30% in 2013. The gas emergency
preparedness stfdicator has four components that are related to law (or pal@ilability of RGErans
borderpipelinesand underground storage, @ad emergency preparednBiss.availability dfansborder
pipelinesvas not includesincethe economys located far from other producing econontiesvever, the
studyretainedie RGT availability component since this infrastrucbuitd lse one of the options fahe
economyto import gas (given that the gas reserves wilbidess than 12 yeain order to meet future
demand. As the underground storags introduced in 20, it contributedo loweringthe law risk by.8%,
from 25% in 2010 to 17% in 2011.

As for the environmental indicatasks included in this indicator are limited to internal risks since
the economy does not import gaszen thathe economyeceivedairly high(low index)n readiness and is
among the lowest in terms of climate change vulnerability (as discussed in the Jpithegaesupply
disruption risk due to climate change impact is low. However, the natural disasters @dthatoekerred
in Canterbury (2010) and Christchurch (2011) increased the envirdndieatafindex by 2 percentage
points br both 2010 and 2011 (CRED, 2016).
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New Zealand is a net crude and oil product importer. Althoughdahemy produce oil, it is not
enough to cover the demand in New Zealand. On the other hand, New Zealand rely solely with domestic gas

production in order to meet the local demand.

Figure 15.4: Production, Net Imports and Demand, 2000 -13
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Crude Oil Import Sources

Economies from the Middle East and North Africa (MENA) region, such as the United Arab
Emirates (UAE) and Saudi Arabia] lheenconsistently qgeared as the top crude oil exporterthéo
economyover the historical periotlowever, there bdébeen a shift in import sources for New Zealand. In
2000, nearly 70% of crude oil imports came from M&SAudi Arabia and UAE both accadfor 48%
of total importswhile nearly 10% of crude imports came from Southeast Asia economies. By 2013, MENA
contributed5 7 % of t ot al i mports, while Sout heamdnyAsi a (SE
from Brunei Darussalam (11%) and Malaysia (16%). Bueh the import sources are mainly from MENA
and SEAthe economy stitealisedh very high diversity (by shafieh e e c dmportnsguéce diversity
stodat0.12 HHI in 2013 frond.15 HHI in 2000 (a lower HHI means a higher diversity level) (Edtire

The top five crude oil exporters to the economy roughly supplied around 60% to 70% of total
imports. The risk posed by the top five exporters was still relativélstia@%6 in 2000, peaking in 2008 at
20% and down to 17% in 2013. A deeper analysived that the risk in 2008 peaked due to the sudden
increase in share of Qatar crude oil im@dirsm 15% in 2007 to 32% in 200&hich increased the risk of

exporterds stability, as well as chokepoint risk.
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In terms of intreAPEC trade, theconomy imports from APEC members increased from 20% in
2000 to 42% in 2013. Australia; Brunei Darussalam; Malaysia; and Russia occasionally appeared as the top five

exporters of crude oil to the economy.

Figure 15.5: Crude Qil Import Sources, 2000 -13
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Oil Product Import Sources

The same analysis on oil produetealedhat in 2000, 80% of oil product imports came from
Australiaandits share dropped to 4.0%Despite that, Australia consistently appeared as a top five oil product
import source fothe economykKorea and Singapore became the main oil product import sources, with a
combined share of 76% in 2013 (Figure 15.6). APEC memthdrsehathe major soze of oil product
imports for New Zealanalver the historical perioduring the historical periodearly all oil pragtt imports

came from AustralidapanKoreaSingaporeand Chinese Taipei, all of which are APEC members.

Figure 15.6: Oil Product Import Sources, 2000 -13
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The supply disruption risk of the top five oil product exporters was lower than crude oil, at 9.0% in
2000, peaking at 17% in 2011, before coming down to 16% in 2013. The econdealythecbest import
source diversity at 0.21 HHI in 2004. The primary contributing factor for a lower risk compared with crude oil
is the highly stable import sources. All APEC members that exported oil products to the economy received a
better politicaltability index based on WGI, as well as lower chokepoint risk as most of the exporters are

located in East Asia.
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Papua New Guinea (PNG) is located in the ssash part of the Pacific Ocean, just south of the
equator. It is comprised of more than 600 islands, including the eastern half of Ne& tGhirea wor | d 8 s
secondargestislandas wel |l as the Bismarck Archipelago, the L
islands of the Louisiade Archipelago.mh&land and the larger islands are mountainous and rugged, with a
string of active volcanoes dotting the northern part of the mainland and continuing to the island of New Britain.
PNG had a population of more tha@million in 2013, spread across d tytea of 462,84 uardkilometres
(km2). The natural resource extraction industry, which includes minerals, oil and gas, contributes to

approximately 80% of PNGO6s export income (MRA, 2012)]

I'n 2013, PNGOds net pri mar ylegquivadentkipe) anincedsgof was 2,
130% over the 2000evel Of the total supply in 2013, light crude oil and petroleum products accounted for
the largest share (78%), followed by gas (5%) and hydro and other renewables contributed the remainder (16%)

(EGEDA, 2015) (Figure 16.1).

Figure 16.1: Primary Energy Supply, 2000 -13
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High dependency on oil makes PNG one of the least diverse in terms of primary energy in the
APEC region. In 2004, PNGOs primary enéighgndexksupply d
at 0.76 HHI and improved to 0.62 HHI in 2013 as more geothermal and hydro were intrdejoechary

energymix.
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Production of crude oil in PNG started in 1992 and peaked at over 125, 000 barrels per day (bbl/d)
the following yeamespite exploratioactivities that resulted in the development of additional oilfields,
production hagraduallyleclinedeaching @, 000bbl/d in 2014 (EIA, 20148) this rate, crude oil reserves are
expected to be depleted by 2026. Crude oil has been refined locathe diinse refinery plant was
commissioned in 200th a refining capacity of 8%usand barrels per dapl{id) (OGJ, 2015).

PNG® matural gas resource poteméabains underexploradd undevelopeéxcept for the Hides
gas field, which provides 8455 million cubimetres per yeafMcm/y) primarily usefbr power generation
to supply the Porgera Gold Mine in the central highlattde e€onomyHowever, the ¢ o n diqugfieéds

natural gas (LNG)rpject development was initiated in 2009 to develop these resources.

The PNG LNG Project is operated by Esso Highlands Limited (Company), a subsidiary of
ExxonMobil The Projects a joint venture between Esso Highlands Limited and Oil Search Sanited,
AGL, JX Nippon Oil & Gas Exploration, Minerals Resources Development Cparmgh®etromin PNG
Holdings Limited, as well as local landowners. It is a 6.9 million toryees (Et/y)integrated LNG project
sourced from the Hides, Angore and Jighds, and from associated gas in the Kutubu, Agogo, Moran and
Gobe Main oil fieldSaidProject commenced production in April 2014 and the first LNG deliveries began in
May 2014 to Asian customers (PNG LNG, 2014).

In 2013, energy intensity stood 28.5 toe/million 2010 USD based on the primary energy supply
requirement, an increase of 22% from the 2000 level. The same increasing trend can be seen in primary energy
per capita which stood at 0.35 toe/person, an increase ofod8%hdr2000 level (EEDA, 2015).

/' El 3AAOOEOU

Based on the sbil security indicato&solitical, economy, social, technical, legal and environmental
OPNGOG6s oi l supply securi/(inhgeasing risidgrom as dverage af 33&onn 2000 war d t |
to 35% in 2013rhe technical/technolog@ndsocial indicatgrcontributed to this trenélthough the other
four indicators shosd some reductits (improvements) in thegspective security indicegese were not

sufficient enougto offset the increase recorded byebhnical/technology and social indicators (Figure 16.2).

T he e c @ditcahindicatodisplayea slight decreagaecline in riskdyom 44% in 2000 to
43% in 2013This indicator is based on the average of the sirdicatorsthree subndicators are assigned
as internal riskand the other three as externakridk the other handhé locapolitical stability risk showed
an increase from 57% in 2000 to 61% in 2013 (higher percentage means loweAlstalitity theravere
no piracy incidents recorded in PNG in 2013, the lack of an international agreement on oil supply emergencies
pushed the political indicatotavea higher index. An agreement, similar tantieerlationalEnergyAgency
InternaEnergyProgram(IEA-IEP) or the ASEAN Petroleum Security Agreem@&RE&A, will help to reduce

the political risk index. Theoretically, if PNG entered into some sort of international afjileethetiA -
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IEP or APSAtype)the economy s p @isk mtldbe laweredy 25 percentage points (43% political risk
without an agreement and 18% risk with an agream2ai3.

Figurel6.2: Oil Supply Security Index, 2000 -13
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Under the economic indicator, which is made up of lihdightors, a slight improvement @P4
was recorded from 40% in 2000 and down to 39% in 2013. This improvement was mainly contributed to by
several sulmdicatorsd improvement in primary energyaetsity, betted Bse oDoingBusinesgindex(the
data was derived from the Doing Business Report published by the World Bank Group), reduction of oil share
to primary energgand the diversity of import sources for oil products. However, there are-tadicaibrs
that recordedraincrease irisk, which eventually offset most of the risk redwag@imed from other sub
indicators. Suindicators that demonstratad upwardisk trendwerethe oil intensity (oil intensity increased
from 93 toe/million 2010 USD in 2000 to 108 toe/million 2010 USD in,20itiBe share of net oil imports

to demand (prior to 201the economyvas a net exporter for total jglude and oil ducts.

For the social indicator, only one-guticator used to determine the riskjch isoil consumption
per capitaAsthe economis a developing economy, tileconsumption per capifas well as oil intensity) is
expected to increase in the fatliheoil consumption per capiteached its peak in 2013 at 0.27 toe/person
Based orthe projection(from theAPEC Energy Demand and Supply Outlook 6th Edjtiba eon o nsy &
oil consumption per capitdll reach 0.48 toe/person in 2040 (APERC, 2016). Altlibegh consumption
per capitas expected to almost double by 2040, it is still considered to be low compartbe wREC
economiesln 2013, the highesil consumption per capitecorded among APEE€conomiesvas3.01

toe/person)

The technical/technology indicator, which is determined by shd#tdtors, is the biggest factor
that contributed to the increasetwd overall risk. Among subdicators that contributed to the riskrease
areoilsels uf fici ency | evel and exporttheer desc oinprndgedn o i | prod

was considered sufficient to meet local demandentioned earliehe economydxrame a net importer
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total oil €rude and oilppducts) in 2012. Howevée analysis showtthtthe econompecame a net crude
oil importer even earlier thidme said year (2018hich was 2008, and theavilyinfluenced the upward trend

for the technical/technology indicator.

The law indicat@hows a slight decrease in risk, from 48% in 2000 to 47% in 2013. There are four
subindicators under this indicatithree subindicators for internal which are resource extraction regulations,
emergency preparedness and strategic stockpiling, andkionredd cat or for external whi
of law. Among these sirmicators, only resource extraction regulations, derived from the Global Petroleum
Survey(GPS) showed an upward risk from 59% in 2000 to 71% in 2013. Despite the thereemeomy
managed to improve itglexto 48% in 2009 before it went up to 65% in ZB&fbre ending up at the 2013
leve). Theoretically, if PNG managed to maintain the 2@{gX valuén resource extraction regulations up

to 2013, the risk under the liangicator should be able to improve further by anot@eeBcentage points.

Theenvironmentahdicator haswo subindicators) the climate change threat and natural disaster
risk (both applied as internal and external factdis)indicatogainedn improvement from 30% in 2000 to
28% in 2013, not so much because of a higlexonreadiness level to face climate change threat or because
of a lower vulnerability level towsctimate changén fact, according to the Notre Dame Global Adaptation
Index (ND GAIN),the economys one of the highly vulnerable economiesstmehow offset by the
reductionin environmental risk afil import sources (a deeper discussion on import sources can be found

later in this chapter).

*AO 3AAOOEOU

PNGG6s average gas s drom2B% ih 3000own $0R25%w20%3, dconwastr t han o
compared with the oil supply security index that showed an upward risk trend. From six indicators evaluated,
three of themealisedmprovement, led by thechnical/technology indicator followed by economic and social
indicatorgFigure 16.3). Sintlee economyloes not import gas, the discussion will focus on internal factors

that can influence gas supply security.

The political indicator increased shgfrbm 26% in 2000 to 27% in 2013, attribumedhly to
higher risk in the local political stability-isdlicator (57% in 2000 to 61% in 20IBEe economgan lower
the risk if the economy has an international gas emergency supply agreement (arileeyieBwnthat
can help taddresgas supply disruptioBy having some sort of international or multilateral agredheent
economy a&n lower the political risk by anotherpE2centage point$iowever, the agreement will be

meaningful if there are Baient enablersuch as import infrastructure available.
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Figure 16.3: Gas Supply Security Index, 2000 -13
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The economy indicatordex delined to 17% in 20XfBom 22% in 2000ecause ofhe decrease
in risks from four internal suiindicators. The gas intensity-suticatomreducedrom 44% in 2000 to 26% in
2013 ¢ame in oilgas intensity index was calculated against the higihdéstvet intensity among APERC
membersaaswellas he changes i n t hdighestecandedjvighih shehistaricatépersd t y | e v el
The gas share to primary enesgfindicatoralso went down to 5.0%m 11% in 2000while index for

0 E a s eoingBusingd&anddiversity of primary energybindicatorsalsoimproved

The social indicator has only one-isglicator which isgas consumption per capitdne gas
consumption per capisteadily decreased from 0.022 toe/person in 2000 to 0.017 toe/person in 2013, which
contributed to the decrease in social risk indicHber.economy gas consumption per capgan be
considered to be the lowest in APEC in 2013. However, jomjestaledthatgas consumption per capita

will increase by more than 20 times in 2040 to 0.37 toe/person due to higher gas demand (APERC, 2016).

T he e c gasoeseyvéssncreased tremendously from ar@Bahin 2008 to 264 &nin
2009, the same year whé\G project development was initiated in order to export this resource. The sudden
increase ireservesesulted ira huge boost to the technical/technology indicator for PNG (although in reality
gas produced was exported as LN@iis indicator showeddaop from 29% in 2000 to 15% in 2009 before
it went up to 17% in 2013. Sirtbe economyloes not import gas, other solicators such as th@ns

borderpipelineutilisationrate and RGTtilisationrate were kept at 0%.

There are three indicators under the law indicator f@ g@®urce extraction regulations, gas
emergency preparedness and exporterds rule of | aw.
extraction regulation sifdicator increased from %9in 2000 to 71% in 2013. The gas emergency
preparedness sifdicator has four components that are related to law (or @oleg)lability of RGT,
availability otransborderpipelines, gas emergency preparedmesavailability of underground gasasie.

Although PNG now is a net gas producer, gas demand in PNG is expected to see rapid growth for the next
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few decadeBromprojection, gas demand will increase from 0.14 Bcm/year in 200BdmbAyear in 2040

(slightly lower than the combinatiorBof unei Dar ussal am ansin201BgAPERG, | i ppi ne.
2016). With this rapid demand increi@geeconomynay need to start to prepare for k&gn emergency

preparation such as buildinggaasborderpipeline, which can reduce the riskhef law indicator from 53%

to 44% in 2013.

As for the environmental indicattire samesubindicators were used in the oil supplgsurity
Sincehe economyoes not import any gas, the risk shown here is only limited to indigenasstiskno

changen risk forthe economy under this indicaab25%index
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As PNG does not import any gas, this section will only discuss crude oil and oil product import risk,
focusing on the top five exporters. Among APEC membeeszdhemy can be considered to be a small oil
producer and on declining trend. The economy produced 3.7 Mtoe of crude oil in 2000, and was significantly
reduced to 0.8 Mtoe by 2013 (Figure 16.4), which subsequently turned the economy as net oilhporter in 2
(EGEDA, 2015).

Figure 16.4: Production, Net Imports and Demand, 2000 -13
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Crude Oil Import Sources

The economyds first and onl y rioredthah morcrpudesitt ar t ed i
importswere recorded. Due to the completion of the refinery, the economy started to import crude oil only
from Australia (2002009) and in 2010 from Malaysia as other source crude imports for the economy (Figure
16.5).Despitethere were only two import sources, the supply interruption risk was reasonably low for the

economy as both could be considered to have stable political climate and with no risk on chokepoints. In
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addition, as both economies are APEC membersAREG tade with stood at 100%.

Figure 16.5: Crude Qil Import Sources, 2000 -13
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Oil Product Import Sources

In 2000, 75% of oil product imports came from Singapbile the rest from Australia. Given
Singaporeds and thevesohomit makastsensepa import most Dfyits dil products from
these economie¥he economymanaged to diversify the import sources for oil products by 2013, with
Singapor@s s h pedte 44&bfolbowing the increase in imports fr@hinese Taipgiroviding31%to
total imports antalaysizontributed?1% A u s t r a | to tatdd immpostshdacreastxl %.

Figure 16.6: Oil Product Import Sources, 2000 -13
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The economy recorded the best import source diversity at 0.33 HHI in 2013, far better than in 2000,

which recorded 0.62 HHThe supply disruption risk from major exporters slightly higher than crude oil at

18% in 2013compared with 15% for crudeljghly stable import sources contributed to having low risk in
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both crude oil and oil products as all APEC economies exporting to the economy received relatively high
political stability (lower index) (based on V8QRoliticd Stability and Absence of Violence/Terrorism
indicator) and lower chokepoint risk as most of the import sources are located in East Asia. Therefore, it is
highly recommended for the economy to maintain the current (2013) oil product import souréew due to

risk and higher intr&PEC trade.
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Peru is a constitutional republic located on the west central coast of South America, bordered by
the Pacific Ocean, with Chile to the south, Ecuador and Colombia to the north,ibaddBBativia to the
east. With a land area of milion squareilometres(km2),the economyis divided into three main
geographical regions: the Costa to the west, the mountain region (Andes Mountains) and the Amazon region
(Selva), covered by the Amazon rainforest. In 2013, the economy had a total population of about 30 million,
an increase 01.3% from the previous year (EGEDA, 2015). The GDP of the economy reached USD
339billion (2010 USD and Purchasing Power Parity [PPP]), with its GDP per capita growing at 4.4% to reach
USD11,095 (EGEDA, 2015), and its key economy segments were se®¥jean@hufacturing and
construction (21%), and mining (12%) (BCRP, 2014).

Figure 17.1: Primary Energy Supply, 2000 -13
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Perubé6s total primary energy supply (TPES) in 20!
level. By energy source, in 2@lr8pst half (10.4 Mtoe) of the TPES fs@a® oil, 26% from natural gas (5.7
Mtoe) and 4% from coal (1 Mtoe). Neiossil energy sources, such as hydro, wood, biomass, wind and others
constitutd the remainder at 21% (4.5 Mtoe) (IEA, 2015) (Figure Ihddms of primary energy diversity,
which is derived by using Herfindelimschman Index (HHI) methodologhe economyshowed an

improvement from 0.42 HHI in 2000 to 0.31 HHI in 204Gause athe increasm gas share in the fuel mix.
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Owing to its scarce oil resources, Peru is a net importer of oil. Domestic production is not only
insufficient to meet the economyds dheamaqualityanbut si nc
domestic refineries are unable to process it,stastibl share of the domestic production is exported. In
contrast, the proven gas reseofgbe economgtoodat0.4 trillion cubienetres (tcm) in 2013. The Camisea
Gas Project is the largest energy projéot iaconomywhich commenced operatior2004 by supplying gas
to the local market. By 2018e economytarted to export through ttiguefied natural gasNG) port
located in Pisco (south of Lima) (MEM, 2014).

In 2013, energy intensity stood at 63.8 toe/million 2010 USD based on thegmaémprgsupply
requirement, a drogf 14% from the 2000 level. On the other hand, primary energy per capita was stable at
about 4.4 toe/person from 206Q8 (IEA, 2015 and EGEDA, 2015).

S
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The studyused a scale of0% to 100% fothe sixindicatogs where 1% means the lowest risk
while 100% means the highest risk. Peruf6s average o
37% in 2000 to 34% in 2013 (Figure 17.2). Out of the six indicators that were evéhditathrallisplayed

improvements in risk level (decreasing index) esamsat indicator.

Figure 17.2: Oil Supply Security Index, 2000 -13
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The econonys p dntlidatbrind=xadeclineddm 49% in 2000 to 46% in 2013, largely due to
two factorsd improving local stability as well as more stable import sdlkeesononys | ocal- st abil it

indicator, which is derived from WiBDblitical Stability and AbserafeViolence/Terrorism, improved from
72% in 2000 to 65% in 20B3milarlythe stability of oil import sources improved from 66% in 2000 to 53%

in 2013 due to highenportsfrom the US (further discussion on import source risk can be found later in this
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chapter).One of the reasons for the high index in political indicatsecsuse ofack of regional or
international agreement on oil supply security (APERC, Ba4&). on the analysis, having such agreement

could lower the index by at least 15 pemgenpoints from the 2013 level.

Under the economic indicat@omposedof 11 sukindicators, an improvement of0¥% was
recorded from 33% in 2000 to 29% in 2013. This improvement was mainly contributed to by four sub
indicatorsd primary energy divers{fyom 0.42 HHI in 2000 to 0.31 HHI in 2013 due to an increased share
of gas), a huge improvement indhigse ofDoingBusinesgindicatorand a decrease of oil share in primary
energy, which subsequently reduced the oil intensity from 45 toe/milliiSZD02000 to 29 toe/million
2010 USD in 2013. However, two suindicatorsd crude oil import source diversity and oil product import
source diversity, increased as the impateconcentrated inery few source§he trend in both sub

indicatordsdiscussed ithe Import Share and Sources SectighisChapter.

As for the social indicattingoil consumption per capitatheonly subindicator used to determine
theriskT h e e c oillcensuyndtion per capiteached its highdsielin 2013t 0.32 toe/person, slightly
higher than the 2000 lew€l0.29 toe/person. Tk resultedh anincreasérom 18% in 2000 to 21% in 2013.
However, when compared with other APEC menibdrse e ¢ @l noosuyplian per capitauldstill be

consideredbw.

Under the technical/technology indicator, the reduction of risk in thréedmatorsd the
economg s l ogistics eckervegrodutiort R/P) ratig ggrhce r | mdrleased export
production, helped to reduce the indicaimdex fom 39% in 2000t0 37% in20I3h e e ¢ &/ mtioy 0 s
increased from 7.9 years of oil in 2000 to 17.1 years in 2013 (the highest R/P ratio was in 2004 at 28.8 years),
mainly due to an increase in reserves (EIA, 2016). On the other hand, the timelexoo$ubindicators
increase 0 therefineryutilisationrate from 76% in 2000 to 100% in 2GR the diselfsufficiencydue to

a decrease in oil ssiffficiencyevelfrom 68% in 2000 to 43% in 2013).

The law indicatademonstrated slight decreaserisk, from 54% in 2000 to 51% in 2013. There
are four sulindicators under this indica®three subndicatorsunderinternalfactoss which are resource
extraction regulations, emergency prepdawasddamess and
external factoiThe resource extraction regulatiortisdizator, which is derived from the Global Petroleum
Survey(GPS)showed an upward risk, from 51% in 2000 to 59% in 2013. Hahewsonomyeceived the
highest rislon the oil stockpiling suindicator ashe economyloes not possess an oil stockpile (APERC,
2015).

Only two sukindicators are usefdr the environmentaindicator, which are readiness and
vulnerabilityo climate change impacind natural disaster rikis indicator showed an improvement from
28% in 2000 to 23% in 2013, partly dubececonony s i mentinoeadiness and reduced vulnerability
towardsclimate change, as reported by the Notre Dame Global Adaptation Index (NDTBANN. GAIN
for th e e c ovnloerakilibte climate change was 0.46 in 2000 and reduced to 0.42 in 2013, while the
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readinesi 2000 was 0.35 and improved to 0.47 in 20135AIN, 2016) At the same timéhe econony s
oil import source énvironmental risk also shale decre@sy indexasmore oil product importsoming
from the LhitedSateswhichreceived betteND-GAIN index (ND-GAIN, 2016).

A0 3AAOOEOU

Peruf6s average gas secur disphayednindreagingiresid.20@0ner al | y |
Per ubs gralexwas 23%,but it gogs up td2by 2013. The increases mainly contributed to by
the social, economic, law and technical/technology indicators. Two indipatitical and environmendal
gained slight decreabat insufficient to offset increases recorded in other indicators (Figure 17.8)e Since

economyloes not import gas, the discussion will focus on internal factors that can influence gas supply security.

The political indicatorealiseda slight decrease index,from 42% in 2000 to 41% in 2013,
attributed to low risk in the local stability-suicator (as discussed in the oil security cha@s#me economy
does not have any agreements related to gas supply during eméngestagssigned the Higstindex
which is 100%. By having this kind of agreermedmte e c iodexdnrthe @dlitical indicator theoretically
can be lowered to 29% (based on 2@deXx value

Figure 17.3: Gas Supply Security Index, 2000 -13
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The economic indicator showed an increase from 13% in 2000 to 16% in 2013. Out of the five sub
indicators (two of the stibdicators are related to imports which will not be discussedexmhomy does
not import gas) that the study considered, two of them marked an thgesaskare to primary energy, from
4.0% in 2000 to 27% in 2013, and gas intensity from 3.0 toe/USD million in 2000 to 17 toe/USD million in
2013 (similar to oil, gas$ensity risk was calculated against the highest and lowest intensity level among APERC

economies, as well as the chajinigtsestrecorddd n t he economy&s intensity | evel
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However, with the increase in gas share, itegauimproving the overall primary energy diversity index.

On the social indicatowith gas consumption per capéta a suindicatort he ecgasomy 6 s
consumption per capitacreased steadily, from 0.02 toe/person in 2000 to 0.19 toe/person MhD13.
translated to an index 2i0% in 2000 to 16% in 2013. When compared with other APEC methbers,
econom@ gas consumption per camtalld be considered to be one of the lowest in the region. However,
based orthe projection, thegas consumption peapitaof the economwvill increase tremendously for next

few decaddsecause diigher gas demamahrticularly in the power sector (APERC 2016).

The tchnical/technology indicatalso exhibitedn increasérom 18% in 2000 to 29% in 2013.
The gas R/P ratio stihdicatolindex escalates a result afapid growth in gas production.tA e economy ds
gas production expanded by more than 20 times over the last 15 years, the R/P ratio decreased rapidly from
more than 100 years in 2000 to 32 years of gas reserves in 2013 (EKQW®616), compared with most
gas producer economit®e econonys R/ P r auldibeoconkidered tg lze hiighc

There are three stidicators under the law indicator for @essource extraction regulations, gas
emergency preparedness and exporterds rule of | aw.
extraction regulation sutdicator increased from 51% in 2000 to 59% in 2013. The gas emergency
preparedness sitidicator is made up of four components that are related to law (ordpmlia§ability of
RGT, availability ofransborderpipelines, gas emergency preparedness and availability of underground gas
storage. Since Peru does not have R&Bborderpipelines or underground gas storagesutited in a quite

high index for théaw indicatar

As for the environmental indicattire risk is only domestic as the economy does not import gas
Given that Peru showed a lot of improvement in readinessilaedability in facing climate change, as

discussed in the oil chapter, it managed to improve the environmental index from 20% in 2000 to 18% in 2013.

)i T OO0 3EAOA AT A 31 O0OAAO

As Peru does not import any gas, this section will only discuss crudeilgiraddct import risk,
focusing on thenajor exporters. Amonghe APEC economigsPeru can be considered to be a small oil
producerThe economproduced 5.2 Mtoe of crude oil in 2G0@ the productiolevelreduced to 4.8 Mtoe
in 2013Peak in oil prauctionoccurred in 2010 with 6.9 Mtoe (Figure 17.4) (IEA, 2015). With an increase in
total oil demand, from 7.4 Mtoe in 2000 to 9.8 Mtoe in201% e c retnoibimposissncreased from 2.0
Mtoe in 2000 to 5.6 Mtoe in 2013. As for gp@seconomys a net exporter of LNG since 2010 due to the
completion of the LNG port located in Pisco (MEM, 2014).
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Figure 17.4: Production, Net Imports and Demand, 2000 -13
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Crude Oil Import Sources

The economymported about 3.1 Mtoe of crude oil in 2804 it increased to 4.3 Mtoe in 2013
following an increase ail demand increased while the produatonainecht the same levédlconomies
from South America, such as Ecuador (whidhbéan supplying more than 40%athl crude oil imports)
and Brazil, lhconsistently appeared as the top crude oil exporthesdéoconomy over the historical period
Howeverthere had beem shit in import sourcefor the econom{UN Comtrade, 2016). In 2000, more than
90% of crude oil imports came from South Ameaitdreduced to 70% iB013as a result of increasing
imports from other sources, such as Nigeria with 8b&tghare to total iports.Giventhe economy relied
on very few economies for crude oil imports, import source divwsdsxwtood at 0.36 HHI in 2013 as
compared with 0.28 HHI in 2000 (Figure 17.5).

Figure 17.5: Crude Oil Import Sources, 2000 -13
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