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FOREWORD

We are pleased to present the APEC Energy Demand and Supply Outlook, 6" Edition. This Outlook aims
to help inform policy makers about the major trends and challenges facing the energy sector in the APEC
region.

The energy choices made in this region will have global impacts on energy security and environmental
sustainability. The Business-as-Usual Scenario clearly highlights that current policies and trends do not
adequately address the regions energy challenges with APEC missing both the energy intensity and
renewables target. As a result, the Asia Pacific Energy Research Centre (APERC) developed three
alternative scenarios (Improved Efficiency, High Renewables and Alternative Power Mix Scenarios) to
outline how APEC can meet its energy goals and transition towards a more sustainable energy system.

To improve energy security and address climate change, the APEC region will need to accelerate both
energy efficiency improvements and measures aimed at decarbonising energy supply. The analysis
presented in this Outlook identifies major barriers towards implementing energy efficiency and switching
to lower carbon fuels as well as possible solutions to overcoming these obstacles.

This report is the flagship work of the Asia Pacific Energy Research Centre. It is an independent study,
and does not necessarily reflect the views or policies of the APEC Energy Working Group or individual
member economies. However, we hope that it will serve as a useful basis for discussion and analysis of
energy issues both within and among APEC member economies.

I would like to express a special thanks to the many people outside APERC who have assisted us in
preparing this report, as well as to the entire team here at APERC. This publication coincides with the
celebration of APERC’s 20" anniversary and we hope that the analysis will help guide the mapping of the
APEC region’s energy future.

Takato Ojimi
President
Asia Pacific Energy Research Centre (APERC)
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SCENARIOS IN THE 6™ EDITION

Recognising the rapid changes underway across the energy sector, the 6% edition of the APEC Energy
Demand and Supply Outlook examines the Business-as-Usual (BAU) Scenario (the reference scenario)
against three alternatives. The BAU reflects current policies and trends within the APEC energy sector;
thus, its projections largely extend the past into the future. The alternatives are target-based and
demonstrate what could be achieved under different policy frameworks. The Improved Efficiency Scenario
supports the APEC goal of reducing energy intensity by 45% between 2005 and 2035. The High
Renewables Scenario supports the APEC goal of doubling the use of renewable energy sources between
2010 and 2030. The Alternative Power Mix Scenario evaluates trade-offs among the use of cleaner coal,
gas and nuclear energy in the electricity sector.

Table I e Outlook scenario descriptions

Business-as- Improved High Renewables Alternative Power Mix
Usual Scenario | Efficiency Scenario Scenario Scenario
Definition Current policies Enhanced energy Doubling of renewable Four power mix cases
and trends efficiency policies energy use in electricity evaluating cleaner coal, high
and measures and transport gas and high nuclear
Purpose Outlines likely Identifies further Outlines a pathway to Evaluates trade-offs among the
energy future if no energy efficiency achieve the APEC goal of use of cleaner coal, gas and
significant changes improvements doubling renewables nuclear in the electricity sector
occur
Limitations Assumes minimal Renewables shares Energy efficiency Limited to power sector, with
changes in energy maintained at BAU initiatives maintained at energy efficiency and
demand and supply levels BAU levels renewables maintained at BAU
trends levels

ALTERNATIVE ENERGY FUTURES TO SUPPORT APEC ENERGY COMMITMENTS

Recognising their vital role in the global energy system, APEC economies have shown strong leadership in
the development of a more sustainable energy system by committing to two important goals. In 2012,
the St. Petersburg Declaration introduced an enhanced ‘aspirational goal to reduce aggregate energy
intensity of APEC economies by 45% from 2005 levels by 2035’ (APEC 2012). In 2014, the Beijing
Declaration introduced an ‘aspirational goal of doubling the share of renewables in the APEC energy mix,
including in power generation, from 2010 levels by 2030’ (APEC 2014). These goals are the basis for two
of the three alternative scenarios APERC developed for this 6th edition of the APEC Energy Supply and
Demand Outlook.

APEC 45% Energy Intensity Reduction Goal

The APEC Energy Intensity Goal aims to reduce energy intensity for APEC as a whole by 45% over the
period 2005 to 2035, but does not set out any economy-specific targets. It is a follow-on to the Sydney
Declaration (2007), which aimed to reduce energy intensity by ‘25% from 2005 levels by 2030'.
Stimulated by the realisation in 2010 that the initial goal would be far surpassed, APEC Energy Ministers
pushed for the more ambitious goal agreed to under the 2012 declaration. Significant improvements in
energy efficiency and conservation measures in many APEC economies have already demonstrated the
clear benefits of enhanced efforts to reduce energy consumption.

Under the BAU Scenario, the 45% energy intensity goal is not achieved until 2037. The Improved
Efficiency Scenario evaluates the impact of more stringent energy efficiency policies and measures in
buildings, industry and transport, applied across all APEC economies, to illustrate the potential for an
even more ambitious energy intensity reduction goal. Wider adoption of existing and already commercial
end-use technologies, along with the development and deployment of new, more efficient technologies,
are potential areas for further APEC cooperation.
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The energy denominator for such a target is still under discussion: it could be primary energy, final
energy or final energy excluding non-energy use. To develop the Improved Efficiency Scenario in this
Outlook, APERC chose final energy and final excluding non-energy use as the basis for evaluating
improvements in energy intensity.

APEC Doubling Renewables Goal applied to power and transport

The High Renewables Scenario is driven by APEC’s goal of doubling the regional share of renewable
energy. The goal includes the use of hydropower in its definition of renewables, but excludes the use of
traditional biomass. Because of data and modelling limitations for projecting additional renewables use in
industry, buildings and agriculture, the High Renewables Scenario covers only the power and transport
sectors and is applied based on final energy.

The High Renewables Scenario assumes that all announced government targets on renewables will be
achieved. For the power sector, it uses a least-cost model to determine the remaining additions of
renewables needed to achieve the APEC doubling renewables goal. The model also assumes that the level
of variable renewables (solar PV and wind) would be limited to 30% in generation in developed
economies* and 20% in developing economies. In the transport sector, the High Renewables Scenario
assumes that the supply of biofuels expands as the land available for feedstock production is maximised;
land productivity is also assumed to increase. Under this scenario, rising biofuels supply potential leads to
higher biofuel blend rates. In economies where no blend rates currently exist but additional biofuels
production is possible, a minimum blend rate is set to meet potential production based on feedstock
availability.

EVALUATING TRADE-OFFS IN DETERMINING A SUSTAINABLE POWER MIX

To reconcile economic growth with environmental sustainability, APEC member economies are looking for
ways to decouple their energy needs from rising greenhouse gas emissions. In particular, the
predominance of fossil fuels in the region’s electricity mix calls for generation portfolios with lower carbon
dioxide (CO,) intensities. Despite rising shares of renewable electricity and the considerable share of
hydropower in some APEC economies, the reality is that coal, natural gas and nuclear energy account for
most of the region’s electricity generation-and are expected to remain dominant in 2040.

The Alternative Power Mix Scenario assesses four different cases. The Cleaner Coal Case assumes that,
as a minimum, all new coal plants built from 2020 in the BAU Scenario will be equipped with supercritical
(SC) or ultra-supercritical (USC) technologies; from 2030, all will be equipped with carbon capture and
storage (CCS). The High Gas 50% and High Gas 100% Cases assume that all new coal plants will be
replaced by combined cycle gas turbines (CCGT) at replacement rates of either 50% and 100%. The High
Nuclear Case assumes an expansion of nuclear energy in nine APEC economies, plus continued use of
nuclear energy in Mexico and Chinese Taipei.

This scenario provides a quantitative assessment of the trade-offs among the use of clean coal
technologies, higher shares of natural gas and the expansion of nuclear energy in APEC’s electricity
generation as compared with BAU results. It evaluates the effects of the different power generation
portfolios in terms of installed capacity, fuel use and CO, emissions. The scenario highlights policy
implications of the alternatives, providing valuable findings for policy makers in APEC economies.

1 Australia is an exception to this: Variable renewables reach 44% as 18 GW of energy storage is assumed to be deployed together with rooftop PV.

2 APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II



STRUCTURE

STRUCTURE OF THE 6" EDITION OF THE OUTLOOK

As with previous editions, this 6th edition of the APEC Energy Demand and Supply Outlook comprises two
volumes. Volume I examines major energy trends within APEC overall, while Volume II is a compendium
of outlooks for each of the 21 APEC economies.

Volume I is split into two parts. Part 1 reviews the APEC energy and demand supply outlook under the
BAU Scenario, which assumes current policies and trends continue. It comprises three chapters covering
energy demand (Chapter 2), energy supply (Chapter 3) and the electricity sector (Chapter 4). Part 2
explores alternatives to the BAU, devoting a chapter to each of the newly developed scenarios: Improved
Efficiency Scenario (Chapter 5), High Renewables Scenario (Chapter 6) and Alternative Power Mix
Scenario (Chapter 7). An expanded investment analysis (Chapter 8) under the BAU and alternative
scenarios, and a final chapter analysing the energy security and climate change impacts of the various
scenarios (Chapter 9) rounds out Part 2.

Volume II provides a detailed review for each economy, examining major energy demand and supply
trends under the BAU Scenario and evaluating how different policy drivers influence the three alternative
scenarios. The implications of these various scenarios are then evaluated in terms of investment needs
and how they might affect energy security and climate change. Each economy chapter concludes with a
section highlighting recommendations for further policy action that would enhance energy security and
sustainable development.
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KEY FINDINGS

® Australia is one of the largest energy producers in APEC over the
Outlook period. It is the world’s third- and APEC’s second-largest
uranium producer, fourth-largest coal producer and sixth-largest gas

producer. Its coal export resources are abundant and of high quality.

® Australia has high renewable energy potential, with some of the
best solar and wind resources in the world. Its target is to increase
non-hydro renewable generation to 33 TWh in 2020, and the economy’s
generation mix is shifting away from coal towards renewables under the

BAU Scenario. The High Renewables Scenario exceeds this target by 80%.

® Electricity demand declined in 2010-15 due to high roof-top solar
uptake, high electricity costs, energy efficiency measures and
closure of industrial and manufacturing plants. Despite decreased
demand under the BAU, electricity prices remain elevated due to high

network costs.

® Energy intensity drops 41% from 2005 to 2035 under the BAU
Scenario, contributing to the APEC regional target, while energy
demand grows 28% from 81 Mtoe to 104 Mtoe from 2013 to 2040. The
Improved Efficiency Scenario reduces energy intensity 49% from 2005 to
2035 and energy-related CO, emissions 19% compared with the BAU,

achieving the energy productivity target.
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ECONOMY AND ENERGY OVERVIEW

Exports to Japan, China, Korea and India have driven Australia’s energy resource development. The
economy has grown year-on-year since 1992 (at an average annual growth [AAGR] of 3.2% from 1992
to 2013) and was largely resistent to the most recent economic crises thanks to economic stimulus and
high commodity exports to China (Table 1.1). As China’s commodity consumption declines with slower
economic growth, Australia’s economic growth is likely to decelerate (ABS, 2015a). Mining-related
investment that underpinned economic growth during the height of the mining boom is now in decline,
falling 40% from 2010 to 2014 (BIS, 2014). Non-mining sectors are showing improvement, but not
strong enough to fully offset the slower growth in the mining sector. In energy, the electricity generation
mix has been changing with increased renewables® and less coal-fired generation. Abundant natural
resources (coal, liquefied natural gas [LNG], iron ore, etc.) will keep the mining and energy sectors
growing to 2020 as sustained investment in new capacity translates into higher production.

Table 1.1 e Australia: Macroeconomic drivers and projections, 1990-2040

1990 2000 2010 2013 2020 2030 2040

GDP (2012 USD billion PPP) 467 644 876 953 1179 1553 2 008
Population (million) 17 19 22 23 26 30 34
GDP per capita (2012 USD PPP) 27 342 33698 39506 40941 45281 51568 59 199
APEC GDP per capita (2012 USD PPP) 9 169 11482 15459 17047 21298 28216 35913
TPES (Mtoe) 86 108 124 129 134 140 144
TPES per capita (toe) 5.1 5.7 5.6 5.5 5.1 4.7 4.2
APEC TPES per capita (toe) 2.1 2.3 2.7 2.8 3.2 3.4 3.5
Total final energy demand (Mtoe) 57 70 76 81 89 98 104
e T L
VUSSP T e s a3 a0 a0 om0 e
Energy-related CO, emissions (MtCO,) 260 335 385 389 391 393 382
APEC emissions (MtCO,) 11937 14204 18463 20436 23047 24686 25255
Electrification rate (%) 100 100 100 100 100 100 100

Notes: GDP is measured in USD billion at the 2012 currency exchange rate, using purchasing power parity (PPP) to facilitate comparison across
economies. Unless otherwise indicated, references to costs and investments are expressed in 2012 USD PPP; TPES = total
primary energy supply.

Sources: IEA (2015a, 2015b) and World Bank (2015) for historical data; APERC analysis for projections.

ENERGY RESOURCES

Australia’s large domestic energy resources provide long-term energy security for the economy (Table
1.2). In 2014, proven reserves of coal were 76 400 million tonnes (Mt), equivalent to 155 years of
production at 2014 rates. Oil resources are diminishing as large oil fields mature, and although Australia
has proven and untested condensate and liquefied petroleum gas (LPG) resources offshore, they are not
under exploration. Conventional gas reserves were 3.7 trillion cubic metres (tcm) in 2014, or 68 years at
2014 production.

Australia has some of the world’s best wind and solar energy resources. Annual solar radiation is
1 385 240 million tonnes of oil equivalent (Mtoe) covering hundreds of kilometres of land, and wind
energy potential is highest along the south-western, southern and south-eastern land areas (BREE, 2014).
Wave and tidal hydro potential is also high, but conventional hydro is limited as Australia is the driest
inhabited continent. It is therefore unlikely that existing mature hydro will expand.

1 ‘Renewables’ includes hydro, solar, wind, geothermal, biomass and marine; when ‘other renewables’ is used, hydro is not included.
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Table 1.2 e Australia: Energy reserves and production, 2014

Proven Years of Percentage of | Global ranking | APEC ranking
reserves production world reserves reserves reserves
155 8.6 4th 4th

Coal (Mt)® 76 400

0il (billion bbl)? 4.0 24 0.23 25th 7th
Gas (tcm)? 3.7 68 2.0 11th 3rd
Uranium (kt U)® 1174 185 32 1st 1st

Notes: ®Total proven coal/oil/gas reserves are generally taken to be those quantities that geological and engineering information
indicates with reasonable certainty can be recovered in the future from known deposits under existing economic and operating
conditions. PUranium reserves are ‘reasonably assured resources’; reference year for uranium reserves and production is 2013.

Sources: For oil, coal and gas, BP (2015); for uranium, NEA (2014).

ENERGY POLICY CONTEXT

The Department of Industry, Innovation and Science (DIIS) administers energy and resource policy and
the Department of the Environment oversees climate and renewable energy policy. In April 2015, DIIS
released the government’s new Energy White Paper, which sets out an energy policy framework to deliver
competitively priced and reliable energy to domestic and international markets. The main objectives are
to increase competition to keep prices down; improve Australia’s ‘energy productivity’ 2 by 40% between
2015 and 2030; and attract investment in energy resource development and energy technologies. This
third Energy White Paper since 2004 marks a change in direction for climate policy. Australia’s economy-
wide target to reduce greenhouse gas (GHG) emissions by 26% to 28% below the 2005 level by 2030
also forms the basis for its Intended Nationally Determined Contribution (INDC).

The National Energy Productivity Plan (NEPP), launched in December 2015, is expected to contribute
more than a quarter of the savings required to meet Australia’s 2030 GHG emissions reduction target.
Several programs also encourage innovation and investor confidence in energy-use sectors: the
AUD 5 billion (USD 4.5 billion)® Asset Recycling Initiative encourages states and territories to privatise
state-owned electricity assets to free up capital for investment in new infrastructure (roads, ports and rail
projects related to energy market competiveness). The AUD 188.5 million (USD 170 million) Industry
Growth Centres raise competitiveness and productivity in the oil, gas and energy resources sector, and in
mining equipment, technology and services. The AUD 476 million (USD 429 million) Industry Skills Fund
helps develop the highly skilled workforce needed to adapt to new business opportunities, rapid
technological change and market-driven structural adjustment. It also provides funding to train the oil,
gas and energy resource industry’s workforce in mining equipment, technology and services for small-
and medium-sized enterprises.

BUSINESS-AS-USUAL SCENARIO

This section summarises the key energy demand and supply assumptions under the Business-as-Usual
(BAU) Scenario (Table 1.3). Definitions used in this Outlook are different from the government targets
and goals published in 2015 (such as the above-mentioned INDC/GHG emissions reduction target). It
does not include new policies from 2015, such as the NEPP energy productivity target.

2 An Australian government term that encompasses energy efficiency and reducing energy intensity and energy costs while promoting economic growth and
competitiveness. The government defines it as ‘the economic value created for every unit of energy consumed (GDP/PJ primary)’.
3 All AUD figures use 2014 World Bank official exchange rate USD 1: AUD 1.11.
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Table 1.3 e Australia: Key assumptions and policy drivers under the BAU Scenario

Buildings * Minimum energy performance standards (MEPS) and labelling programs maintained at
current levels.

Transport * Slow deployment of hybrid cars and electric vehicles (EVs).

1 ACTEL A D@ © Oil imports continue to increase.
* No new oil reserves developed.

Power mix * No new coal or hydro power plants.
* No nuclear policy.

Renewables * High growth in other renewables.

Energy security * No oil stockpiles.
* Self-sufficiency in coal, gas and renewables.

Climate change * Work towards the INDC and emissions reduction target to reduce GHG emissions by 26% to
28% below 2005 level by 2030.

Note: This table summarises the main policies assumed within the BAU Scenario; it is not intended as a comprehensive list of all energy
policies.

RECENT TRENDS AND OUTLOOK FOR ENERGY DEMAND

Under the BAU Scenario, final energy demand grows at an AAGR of 0.92%, from 81 Mtoe in 2013 to
104 Mtoe in 2040, an overall increase of 29%. Growth occurs in all sectors, with the largest AAGR in the
buildings sector at 1% (Figure 1.1). However, domestic transport retains its dominant share of 39%
(31 Mtoe) in 2013, peaking at 40% (35 Mtoe) in 2020 and remaining at 40 Mtoe until 2040. Industry
follows at 31% (25 Mtoe) in 2013, 32% (26 Mtoe) in 2015 and 32 Mtoe in 2040.

Figure 1.1 e Australia: Final energy demand by sector, 2000-40
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Note: Transport refers only to domestic transport.
Sources: APERC analysis and IEA (2015a).

Given the importance of the transport sector in total final energy demand, oil remains the main fuel
consumed, accounting for 50% of total demand over the Outlook period. Gas increases from 17% in 2013
to 21% in 2040, an increase of 62% from 13 Mtoe in 2013 to 22 Mtoe in 2040. Coal is the only fuel that
declines, from a share of 4.1% (3.3 Mtoe) in 2013 to 2.5% (2.6 Mtoe) in 2040. Electricity demand
decreased in 2013 because of increased energy efficiency, significant uptake roof-top solar, high
electricity prices and the end of the mining boom. However, projections show demand growth from 2016
with the start of three new LNG projects in Queensland; in the longer term, population and economic
growth drive demand.

Despite increased demand, energy intensity (final energy demand per GDP) declines from 85 tonnes of oil
equivalent (toe) per 2012 USD million PPP in 2013 to 57 toe per 2012 USD million PPP in 2035 and
52 toe per 2012 USD million PPP in 2040. Over the Asia-Pacific Economic Cooperation (APEC) energy
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intensity goal period (2005-35), Australia’s energy intensity falls by 41% and remains at this level
through to 2040.

Buildings energy use: Efficiency improvements keep growth moderate

The buildings sector is electricity intensive, but high electricity prices as well as solar photovoltaic (PV)
uptake and greater energy efficiency in this sector are partially responsible for the unexpected drop in
grid electricity demand from 2011. Growth in population and average household income leads to
continued increase in energy consumption in this sector, from 20 Mtoe in 2013 to 26 Mtoe in 2040, an
increase of 32% (Figure 1.2). The residential sub-sector’s 53% (11 Mtoe) share of the buildings sector’s
demand in 2013 increases to 57% (15 Mtoe) in 2040. Commercial sub-sector demand declines slowly
from a 2010 peak of 36% (7 Mtoe) to 30% (7.8 Mtoe) by 2040, thanks to greater energy efficiency. The
share of agriculture energy demand rises slightly from 11% in 2013 to 12% in 2040.

Figure 1.2 e Australia: Buildings sector final energy demand, 2000-40
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Australia’s wide range of well-established programs to promote energy efficiency in the residential and
commercial sub-sectors include MEPS, energy rating labels, building codes and standards, a Nationwide
House Energy Rating Scheme (NatHERS), an HVAC High Efficiency Systems Strategy and the Commercial
Building Disclosure program. In South Australia 25% of homes have a solar PV system, in Queensland
21% do and in Western Australia the rate is 18% (APVI, 2015). Energy efficient appliances are also
widespread thanks to stricter standards across a range of products.

Although appliances, electrical gadgets and space cooling already have high penetration rates in Australia,
residential demand grows slowly and steadily with increased household numbers and economic growth.
Demand for gas peaks in the winter months, as it is used for space and water heating in colder states
such as Victoria.

Within overall energy demand in the buildings sector, electricity demand increases to 12 Mtoe in 2040
from 11 Mtoe in 2013, while gas demand increases to 8.6 Mtoe in 2040 from 4.4 Mtoe in 2013.

Industry energy use: Slower growth

Industrial energy demand is projected to grow at an AAGR of 0.91% from 2013 to 2040, rising from
25 Mtoe to 32 Mtoe (Figure 1.3). The two largest energy consumers are non-ferrous metals (34% of total
industrial energy use in 2013), and metal and quarry mining (16%). With the recent mining boom, the
share of metal and quarry mining’s energy use rises to 20% by 2040 (6.5 Mtoe), while the share of non-
ferrous metals falls slightly to 33% (11 Mtoe). Of the three most energy-intensive industrial sub-sectors
in the APEC region—iron and steel, chemicals and petrochemicals, and non-metallic minerals—only non-
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metallic minerals is among the three largest energy consumers in Australia. Energy use in the three most
energy-intensive sectors rises only moderately to 2040.

Figure 1.3 e Australia: Industry sector final energy demand, 2000-40
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The mining sub-sector, until recently focused on infrastructure-related investments such as off-grid
electricity generation, now turns to increasing production. This development, combined with the closure
of several energy-intensive manufacturing plants, contributes to a drop in the industry energy demand
AAGR from 2.4% from 2010 to 2020 to 0.82% from 2020 to 2030.

Box 1.1 e Australia: The Energy Efficiencies Opportunities (EEO) Program

As industry is one of the most energy-intensive sectors, the government implemented the Energy
Efficiencies Opportunities (EEO) Program in 2006 requiring large energy users (more than 0.5
petajoules [PJ] or 11.9 kilotonnes of oil equivalent [ktoe] per year, equivalent to the consumption
of about 10 000 Australian households) to undertake an energy use audit and report on all
potential energy savings. The participants, which included transportation and large commercial
building corporations, accounted for 56% of Australia’s total energy use. Potential energy savings
equivalent to 2.7% of annual energy demand, or 3.9 Mtoe, were identified. In the program’s first
cycle, 54% of the identified savings potential was implemented for annual net financial benefits of
AUD 808 million (USD 728 million) and energy savings of 2.1 Mtoe, equivalent to total chemical
and petrochemical sub-sector energy use in 2013. The program led to a 40% energy efficiency
improvement within the Australian industrial sector.

Transport energy use: Road energy demand continues to dominate

Domestic transport is the largest energy consumer, with a share averaging 39% over the projection
period. Energy demand increases from 31 Mtoe in 2013 to 40 Mtoe in 2040 (Figure 1.4), and oil
dominates at 96% of energy used in 2013. The uptake of biofuels and EVs results in fuel switching and
the share of oil declines to 93% by 2040.

Energy consumption increases as transport demand rises with population growth and reliance on road
vehicles for both freight and passenger transport. Australia’s geography means that goods must be
transported vast distances between major cities; as a result, heavy-duty vehicle energy demand rises by
1.1% per year, or 33% from 2013 to 2040. Additionally, urban sprawl is problematic for public transport
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networks, with people favouring cars over public transport in most instances. Iron ore and coal dominate
rail transport, accounting for 80% of total rail demand (BREE, 2014).

Australia does not have any fuel economy standards, and new vehicle imports are restricted to
manufacturer and dealer networks. However, pollution standards and energy efficiency policies have led
to fuel economy improvements as well as labelling on new cars and the online Green Vehicle Guide.
Implementing efficiency standards and removing restrictions on vehicle imports would also help improve
fuel efficiency.

Figure 1.4 e Australia: Domestic transport sector final energy demand, 2000-40
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Sources: APERC analysis and IEA (2015a).

RECENT TRENDS AND OUTLOOK FOR ENERGY SUPPLY

In 2013, total primary energy production was 344 Mtoe, and according to projections it will increase 27%
to 436 Mtoe by 2040. Coal accounts for the largest share of production, peaking at 77% of total energy
production in 2013 and declining to 72% in 2040. Gas replaces coal, its share rising from 15% in 2013 to
23% in 2040; this increase represents a near doubling in gas production, from 52 Mtoe to 102 Mtoe. With
an AAGR of 2.5% from 2013 to 2040, gas production has the second-highest annual growth rate, after
other renewables at 2.7%. Production from other renewables doubles from 6.3 Mtoe in 2013 to 13 Mtoe
in 2040. Oil production declines significantly from the 2001 peak of 35 Mtoe to 20 Mtoe in 2013 and
6 Mtoe in 2040. Domestic oil production supplied 44% of oil consumption in 2013, but it meets just 12%
by 2040. Australia’s oil comes from mature fields with declining yields, and while there are unexplored
offshore fields with potential for extraction, these resources have limited application and future oil
consumption will therefore rely increasingly on imports. Australia currently exports over 75% of its oil
production (BREE, 2014).

Primary energy supply: Away from coal towards gas and renewables

From 2013 to 2040 total primary energy supply (TPES) increases 14%, from 129 Mtoe to 144 Mtoe
(Figure 1.5). Coal dominates TPES at 46 Mtoe in 2013, down from 52 Mtoe in 2007, and drops further to
30 Mtoe in 2040. Its percentage share drops from its peak in 2007 of 43% to 35% in 2013, and 20% in
2040. The decline in coal consumption is largely due to reductions in coal-based electricity and decreased
use in the iron and steel sector, which uses large amounts of coal for the production of primary steel and
for electricity production. The Australian iron and steel sector is contracting due to global overcapacity
resulting in weak steel prices. Oil increases from 46 Mtoe in 2013 to 52 Mtoe in 2040. Transport used
72% of Australia’s oil supply in 2013, so oil imports increase as transport demand continues to grow over
the projection period. Gas has the second-highest AAGR at 2% from 2013 to 2040. Electricity generation
is the largest gas consumer, followed by manufacturing. Gas supply increases from 30 Mtoe in 2013 to
51 Mtoe in 2040. The share of other renewables more than doubles from 6.3 Mtoe in 2013 to 13 Mtoe in
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2040, to support the APEC renewable energy doubling goal in the 2010-30 period (4.8 Mtoe to 11 Mtoe).
The short-term increase is linked to large wind farms that come online in 2018-19 and the significant
uptake of solar PV.

Figure 1.5 e Australia: Total primary energy supply by fuel, 2000-40
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Sources: APERC analysis and IEA (2015a).

Energy trade: Rising coal and gas exports more than offset rising oil imports

Net energy exports (exports minus imports) grow 27% from 210 Mtoe in 2013 to 286 Mtoe by 2040
(Figure 1.6). According to the government, in 2014 energy exports accounted for 31% of total
commodity exports at a value of AUD 72 billion or USD 64 billion (BREE, 2014). Energy exports are the
second-largest export earner after resources. In 2013, energy exports increased by 14% from 2012,
thanks to increased coal, uranium and gas exports. In contrast, energy exports rose by only 2% in 2014
largely due to a decline in crude oil and uranium exports (DIIS, 2015b). Oil remains Australia’s only
energy import over the Outlook period. As mature oil fields deplete, imports increase by 75%, from
30 Mtoe in 2013 to 52 Mtoe in 2040. Increased transport demand is responsible for oil imports doubling,
as is the remote offshore location of the producing oil fields, the relocation of refining offshore, and oil
field maturation. However, the economy has an estimated 356 Mtoe of undiscovered crude oil in four
proven basins and 3 444 Mtoe of identified immature oil shale deposits (GA, 2014). Exploring and
developing these resources would reduce import dependence.

Figure 1.6 e Australia: Net energy imports and exports, 1990-2040
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The largest energy exports, and second- and third-largest exports overall, are coal and gas (iron ore is
the overall largest) (ABS, 2015b). Australia’s largest coal market is Japan, but its largest expanding
market is China. Gas exports go mainly to Japan (18 Mt), China (3.4 Mt) and Chinese Taipei (0.1 Mt)
(IGU, 2015). Coal exports will depend on demand from China and India; Chinese imports are uncertain at
present due to recent weaker than expected growth and policies directed at constraining coal use, but
future demand from India is potentially high.

Gas exports have grown significantly, from 2.4 Mtoe in 1990 to 22 Mtoe in 2013, and are projected to
grow 127% to 51 Mtoe by 2040. Australia is expected to have the largest liquefaction capacity in the
world by 2018, overtaking both Qatar and Malaysia with a total capacity of 58 Mt per year.

Power sector trends: Rapid growth in renewables diversifies the power sector

The electricity network consists of the National Energy Market (NEM), which services the south and
eastern seaboard (Queensland, New South Wales, Victoria, South Australia and Tasmania) and supplies
85% of energy consumed. The South-West Interconnected System (SWIS) in Western Australia accounts
for 10% of electricity consumed, while the remaining 5% of electricity comes from regional networks
serving remote households, businesses and communities, and the energy and resources sector (CSIRO,
2014).

Under NEM, electricity prices vary depending on region, spot price and whether the electricity is
purchased wholesale or retail. Wholesale electricity prices fluctuate depending on spot prices; however,
over the last five years (2010-15) spot prices have remained relatively stable, avoiding the large peaks of
prior years. By comparison, retail electricity prices more than doubled for households from 2008 to 2014
and increased by 82% for businesses. Investments in transmission and distribution to repair ageing
assets and improve reliability during peak demand contributed to the price increase (BREE, 2014). With
hotter summers each year, peak demand occurrences are increasing (BREE, 2014).

Australia currently has a 20% oversupply of electricity capacity, and demand has fallen since 2009 (ESAA,
2015). The Australian Energy Market Operator (AEMO) forecasts that Australia needs no new generating
capacity in the NEM until 2019-20 and instead prioritises replacing ageing transmission network
infrastructure (AEMO, 2015a). The SWIS in Western Australia, covering Perth and the southwest, is
projected to be the same. Electricity generation from large-scale centralised power generators fell in
recent years due to lower industrial production, the spread of small-scale solar systems, improved energy
efficiency and higher electricity prices. The recent decline occurred in the NEM, whereas the SWIS and
other regional markets grew due to the mining boom (BREE, 2014). Over the projection period, total
electricity generation grows at an AAGR of 0.83%, from 249 terawatt-hours (TWh) to 311 TWh (Figure
1.7) due to several LNG projects coming online in Queensland and a slight recovery in electricity
consumption in the buildings sector due to population growth (AEMO, 2015b). Electricity generation
varies widely from region to region (Box 1.2). In some states renewables are the dominant electricity
generation source; in others it is coal or gas. Different regions will also increase generation at different
rates depending on industry demand.

Box 1.2 e Australia: Primary generation fuel by state

In 2013, Victoria produced 21% of Australia’s total electricity generation, with brown coal used for
86%. Queensland provided 25% of generation and New South Wales (including the Australian
Capital Territory) 28%; both relied mainly on black coal at 71% and 81% respectively. Tasmania’s
5.3% of Australia’s generation relied primarily on hydro at 82%. Finally, South Australia produced
5.4% of generation and Western Australia 14%, and they relied mostly on gas at 53% and 52%
respectively (DIIS, 2015b).

South Australia plans to increase renewables from a 25% share in 2013 to 50% by 2025,
Queensland from 9% to 50% by 2030 and Victoria from 13% to 20% by 2020 (BREE, 2014).
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The power mix continues toward a higher penetration of renewables over the projection period. Under the
BAU the share of coal in capacity declines from 49% to 21%, and conversely other renewables increases
from 12% in 2013 to 42% in 2040. Coal-fired generation declined from 187 TWh in 2007 to 161 TWh in
2013 due to the relative cost of coal-powered production and the uncertainty of Australia’s carbon policy
(DIIS, 2015b), and it is projected to decline further to 112 TWh by 2040. Overall generation declined
further over 2010-15 as a result of downsizing in the iron and steel and manufacturing sub-sectors.

Renewables overtake coal as the largest capacity source in 2021 due to no new builds and only life
extensions in coal-fired generation, while wind and solar generation ramp up. Coal capacity declines from
29 gigawatts (GW) in 2013 to 21 GW in 2040, total wind capacity increases 219% from 3.2 GW in 2013
to 10 GW by 2040, and solar grows 815% from 3.3 GW to 30 GW. In 2001 the government introduced a
renewable energy target (RET) of 9.5 TWh of other renewables generation by 2010; in 2011 this was
extended to 45 TWh by 2020, but was then reduced to 33 TWh in 2015. Under the BAU Scenario the
economy falls short of the revised target, but when hydro is included generation reaches 38 TWh.
Residential and commercial solar PV grows with reduced panel and installation costs, loans and renewable
certificate programs, high electricity prices, 70% home ownership and consistent solar radiation levels
(AEMO, 2015b; 2015c). Utility solar increases with improvements in storage technology and uptake by
remote mines, and thanks to financing from the Clean Energy Finance Corporation and the Australian
Renewable Energy Agency (AEMO, 2015c; ARENA, 2015).

While gas capacity increases steadily from 14 GW to 28 GW, gas generation falls in the short term due to
higher costs for gas-based electricity and removal of the carbon price in 2014, which incentivised gas and

renewable generation over that of coal.

Figure 1.7 e Australia: Power capacity and generation by fuel, 2013-40
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Sources: APERC analysis and IEA (2015a).

ALTERNATIVE SCENARIOS

All three Alternative Scenarios apply to Australia.* The Improved Efficiency Scenario leads to the most
significant reductions in energy demand at 17% (17 Mtoe) more than under the BAU Scenario in 2040,
and the highest energy-related CO, emissions reductions, at 19% (308 million tonnes of CO, [MtCO,])
more. The High Renewables Scenario leads to an 18% reduction in energy-related CO, emissions beyond
the BAU Scenario. Within the Alternative Power Mix Scenario, only the Cleaner Coal and High Gas Cases
are applicable, as Australia has no plans for nuclear generation.

4 For more details about the Alternative Scenario assumptions, see Chapters 5 to 7 in Volume I.
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IMPROVED EFFICIENCY SCENARIO TO SUPPORT APEC ENERGY INTENSITY GOAL

While the APEC goal of reducing energy intensity by 45% by 2035 from the 2005 level is a collective
rather than economy-specific target, under the BAU Scenario Australia’s energy intensity decreases
41%.° The Improved Efficiency Scenario achieves a reduction of 49% in 2035 and 55% by 2040 (Figure
1.8).

Projections show that energy consumption can be reduced across all sectors. Transport demonstrates the
largest reduction, 45% (6 Mtoe) of the total 13 Mtoe of savings by 2035 relative to the BAU, increasing to
47% (8.1 Mtoe) by 2040. The industry share amounts to 38% in 2035 and 2040, while the residential
and commercial sub-sector share decreases from 21% (2.3 Mtoe) of savings in 2035 to 15% (2.6 Mtoe)
in 2040.

Figure 1.8 e Australia: Potential energy savings in the Improved Efficiency Scenario, 2015-40

120
=== BAU Scenario
100 ® Buildings
8 Transport
E Industry
=== Improved
80 Efficiency
Scenario
60
2015 2020 2025 2030 2035 2040

Sources: APERC analysis and IEA (2015a).

Industry sector projections show energy reductions across all industrial sub-sectors; however, as non-
ferrous metals has the largest share of energy consumption in both the BAU and Improved Efficiency
Scenarios, it contributes the largest energy savings at 1.9 Mtoe in 2035 and eventually 2.4 Mtoe in 2040.
Industry savings can be achieved through greater energy efficiency and higher rates of electrification.®

In transport, further reductions in road energy consumption can be achieved with more fuel-efficient
heavy- and light-duty vehicles as well as urban planning that provides for efficient public rail transport. In
the Improved Efficiency Scenario, road energy use peaks in 2021 at 30 Mtoe and declines to 24 Mtoe in
2040 for a 27% greater reduction than under the BAU. Increased deployment of EVs and improved public
transport also reduce energy demand. Light-duty vehicle numbers fall from 25 million under the BAU in
2040 to 22 million under the Improved Efficiency Scenario, and the share of advanced vehicles (EVs and
plug-in hybrid EVs) within the light-duty vehicle stock doubles to 17% by 2040 under the Improved
Efficiency Scenario, from just 8.5% in the BAU Scenario.

Projected end-use savings in the residential sub-sector under the Improved Efficiency Scenario reach
1.2 Mtoe in 2040 and represent a 7.9% reduction compared with the BAU Scenario. Air conditioning
shows the largest savings in 2035 (21%), followed by refrigerators at 18% and stand-by energy at 17%.
Water heaters are the most energy-intensive appliance in 2035, at 68% of energy use, followed by air

5 The APEC energy intensity goal aims to reduce energy intensity across APEC by 45% by 2035 (from 2005 levels). It is an APEC-wide, collective target, not a
target for each economy. As the denominator of energy intensity remains to be specified, this Outlook uses final energy demand for analysis.

¢ The Australian government provides information on improving industrial energy efficiency at the Energy Efficiency Exchange website (http://eex.gov.au/);
for example, switching mining trucks to conveyor belts.
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conditioners at 10%.” Projections for the modelled end uses show that the commercial sector can save
1.4 Mtoe by 2040 compared with the BAU Scenario with more efficient commercial appliances.®

As the recently released NEPP covers all energy consumption, including electricity, gas and transport
fuels, it supports the Improved Efficiency Scenario. The NEPP incorporates energy market reforms to
promote consumer choice and increase competition and innovation in the energy market, and energy
efficiency measures that support better energy use in buildings, equipment and vehicles.®

The NEPP includes both existing policies considered under the BAU Scenario and new initiatives that
support more productive consumer choices when selecting energy services through, for example, cost-
reflective prices, smart meters and access to information, and labels. The NEPP also supports more
productive energy services through innovation and competition by reducing market entry barriers for new
technologies and service options, and through more efficient minimum standards for equipment,
appliances and buildings.

HIGH RENEWABLES SCENARIO TO SUPPORT APEC DOUBLING RENEWABLES GOAL

The doubling renewables goal proposes a doubling of renewable energy in APEC by 2030 from the 2010
level across all sectors.'® In 2010 Australia’s renewables generation was 22 TWh, and under the BAU
Scenario it increases significantly to 51 TWh in 2020, 68 TWh in 2030 and 86 TWh in 2040. Other
renewables (biofuels) in transport more than double under the BAU, from 0.2 Mtoe in 2010 to 0.54 Mtoe
in 2030, and more than triple to 0.71 Mtoe in 2040.

In 2015, the government revised the RET from 41 TWh to 33 TWh by 2020 (other renewables only). The
revised target is achieved in the High Renewables Scenario: other renewables electricity grows more than
tenfold from 13 TWh (5.3% of total generation) in 2013 to 59 TWh (22%) in 2020, 135 TWh (46%) in
2030 and 164 TWh (52%) in 2040 (Figure 1.9). This is an additional 97 TWh of other renewables by 2040,
or a 14% difference from the BAU. Hydro’s contribution remains largely unchanged and wind overtakes
hydro in 2018 as the largest renewable energy source at 10% (23 TWh) of the electricity generation mix,
growing to 31% (81 TWh) in 2030 and 33% (89 TWh) in 2040 at an AAGR of 9.7% from 2013 to 2040.
Solar grows from 1.5% (3.8 TWh) of the generation mix in 2013 to 15% (43 TWh) in 2030 and 20%
(64 TWh) in 2040.

Investment in capital infrastructure (replacing network distribution and transmission infrastructure) has
caused electricity prices to rise for consumers, accounting for 61% of retail price increases (AEMC, 2013).
Consumers are therefore paying more for servicing the grid than for the actual fuel costs. This creates a
paradox in Australia’s electricity markets, as small businesses and residences are installing small-scale
solar power generation at one of the highest rates in the world to reduce their grid consumption and the
corresponding electricity bills. However, the reality is that the electricity bills still increase despite
reduced grid consumption, as the costs for servicing apply regardless of how much fuel is consumed to
produce the electricity. Therefore, in some instances it is less expensive for consumers to go completely
off-grid using solar plus storage, than to remain connected to the network.

High retail- and geography-related delivery costs are motivating a trend in Australia toward a less
centralised and more distributed electricity sector. The high cost of using centralised power in remote
areas is becoming less favourable than a decentralised model using rooftop solar, local generation and

N

The Improved Efficiency Scenario for the residential sector does not model all appliances, nor does it account for heating in Australia, and the figures
represent energy savings potential. For example, in 2012, heating and cooling were the most energy-intensive sources of energy consumption at 40% of
energy use in households, followed by water heating at 21% and fridges at 5.9% (http://www.yourhome.gov.au/energy/appliances). However, the savings
demonstrated in the Improved Efficiency Scenario is a good indication of savings potential, especially given Australia’s extreme climate and the increasing
number of household air conditioners resulting from rising population and house size.

The Improved Efficiency Scenario for the commercial sector only models energy use for lighting, cooling, refrigeration and ventilation. It does not model
equipment, water heating, space heating or cooking. From 1999 to 2012, commercial building heating, ventilation and cooling accounted for 43% of energy
use, followed by lighting at 26% and equipment at 20% (P&S, 2012).

NEPP uses different assumptions from the Improved Efficiency Scenario, such as different GDP growth forecasts.

10 The APEC renewable energy goal aims to double renewables by 2030 from 2010 levels. It is an APEC-wide collective target, and does not specify a target
for each economy. For the High Renewables Scenario the target is based on final energy in the power and transport sectors. APERC analysis excludes
traditional use of biomass from renewable energy, but includes other types such as biomass for power generation and large-scale hydro.

®

9
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storage thanks to increasingly competitive PV equipment, installation and storage costs, and high solar
radiation levels. As a result of increased renewables, storage will form a larger part of energy
infrastructure costs.

Figure 1.9 e Australia: Power sector under the High Renewables Scenario, 2013-40
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Sources: APERC analysis and IEA (2015a).

Under the High Renewables Scenario, bioethanol demand more than quintuples from 0.14 Mtoe in 2010
to 0.76 Mtoe in 2030 and 1.1 Mtoe in 2040 (Figure 1.10). Biodiesel demand increases nearly fourfold
from 0.07 Mtoe in 2010 to 0.25 Mtoe in 2030, and almost six times to 0.38 Mtoe in 2040. Bioethanol
supply potential increases from 1.4 Mtoe in 2030 and 1.8 Mtoe in 2040. Biodiesel supply potential
increases from 0.2 Mtoe in 2030 to 0.24 Mtoe in 2040. Under these projections, Australia has enough
bioethanol supply potential to meet demand, but will need to import biodiesel as supply potential falls
short of demand.

Figure 1.10 e Australia: Biofuels demand and supply potential in the BAU and High Renewables
Scenarios, 2010-40
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Notes: Supply potential refers to the potential biofuels production if energy feedstock availability was maximised without impacting
agricultural production. Supply potential is for the Outlook period only; HiRE = High Renewables Scenario.
Sources: APERC analysis, IRENA (2014), FAO (2014) and IEA (2015a).

ALTERNATIVE POWER MIX SCENARIO

The Alternative Power Mix Scenario focuses on alternative supply options in the electricity sector. Only
three of the four cases apply to Australia—the Cleaner Coal, the High Gas 50% and the High Gas
100% —as there are no economy-wide plans for nuclear development.
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The Cleaner Coal Case assumes that all new coal-based electricity capacity in Australia is advanced ultra-
supercritical (A-USC) or integrated gasification combined cycle (IGCC) with a minimum efficiency of 45%
to 50% from 2020 onwards. From 2030, all new plants are additionally equipped with carbon capture and
storage (CCS); currently 70% of Australia’s coal-based capacity is sub-critical. The Cleaner Coal Case
results in an additional 12.3 gigawatts (GW) of A-USC/IGCC by 2030 and 11.3 GW of A-USC/IGCC with
CCS by 2040. The share of coal in generation declines to 36% by 2040 from 65% in 2013 (Figure 1.11).

The High Gas 50% Case assumes that 50% of what would have been new coal-based electricity capacity
is replaced by gas, and the High Gas 100% Case assumes that all new capacity is replaced by gas. Under
the High Gas 50% Case, the share of gas-based generation reaches 44% in 2040, from 36% in the BAU
Scenario, and under the High Gas 100% Case the share of gas reaches 52%. The High Gas 100% Case
results in the lowest power sector CO, emissions intensity by 2040 (369 grams of CO, per kilowatt-hour
[gCO,/KWh]) compared with the BAU, but has the highest average generation cost at USD 0.16/kWh.
The Cleaner Coal Case demonstrates the second-largest change in emissions intensity at 378 gCO,/KWh,
or a 14% reduction compared with the BAU.

The major barriers to the Cleaner Coal, High Gas 50% and High Gas 100% Cases are high gas prices, the
need for a consistent carbon policy in Australia and the high levelised cost of electricity (LCOE) for gas
power plants compared with non-CCS coal. The former carbon price encouraged switching from coal to
gas for baseload power when coal became more expensive than gas, but with rising retail gas prices and
declining electricity consumption, gas-powered generation is likely to decline marginally in the short term
and increase only slightly in the long term (AEMO, 2014). Additionally, increasing gas exports compound
rising gas prices as the exports compete with the domestic gas market.

Figure 1.11 e Australia: The BAU and Alternative Power Mix Scenarios by Case, 2013 and 2040
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Sources: APERC analysis and IEA (2015a, 2015b).

SCENARIO IMPLICATIONS

ENERGY INVESTMENTS

Upstream developments dominate energy investments from 2015 to 2040, at 39% of total cumulative
investments under the low-cost estimate and 50% under the high-cost estimate (Table 1.4). The bulk of
investments are in gas production, due to several gas facilities coming online by 2020, followed by coal,
due to increasing exports within APEC and to India. This includes large mine developments such as the
60-Mt Carmichael Project and the 55-Mt Project China Stone in Queensland (DIIS, 2015c). Gas transport,
largely pipeline, makes up the majority of total energy transport investment (78% in the low-cost
estimate and 87% in the high-cost estimate). The power sector claims between USD 165 billion (29% of
total low-cost estimate) to USD 246 billion (20% of high-cost estimate) to finance 40 GW of additional
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capacity from utility and PV solar, wind and gas, replacing and upgrading transmission and distribution
lines, and storage.

Table 1.4 e Australia: Projected investments in the energy sector in the BAU Scenario, 2015-40

2012 USD billion PPP Low-cost estimate High-cost estimate

Upstream Qil 45 67
Gas 73 219
Coal 106 345
Subtotal 224 631
Downstream LNG import terminals 0.4 0.4
LNG export terminals 108 194
Biofuels refinery 0.3 0.4
Subtotal 109 195
Electricity Coal 34 41
Gas 14 24
Hydro 0.2 0.3
Wind 16 38
Solar 60 85
Biomass and others 6.5 8.6
Geothermal 0.5 0.5
Transmission lines 18 21
Distribution lines 15 28
Subtotal 165 246
Energy transport Qil 12 14
Gas 59 163
Coal 4.8 10
Subtotal 75 187

Notes: Investment is estimated based upon a range of figures classified into the lowest and highest costs per unit of energy
facility/infrastructure capacity. This is to capture the variability in unit cost of similar energy facility/infrastructure depending on
certain conditions and peculiarities; Energy transport includes only pipeline (oil and gas), railroad (oil and coal) and coal import
facilities; ‘Biomass and others’ in electricity includes biomass, geothermal and marine.

Source: APERC analysis.

A demand decrease of 17% in the Improved Efficiency Scenario by 2040 (reducing expenditure across all
sectors) leads to total investment savings of 15% (Figure 1.12). However, while the High Renewables
Scenario demonstrates savings in the upstream (17%), downstream (17%) and energy transport sectors
(27%), power sector investment grows by 47% compared with the BAU, effectively negating any
advantage over the BAU low-cost estimate. As more capacity in other renewables is added, more storage
for the variable power sources is also needed, along with expansion and refurbishment of transmission
and distribution lines for solar.
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Figure 1.12 e Australia: Changes in investment requirements in the different Scenarios
compared with the BAU, 2015-40
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Note: The changes in investment requirements compare the Improved Efficiency and High Renewables Scenarios with the BAU low-cost
estimate only.
Source: APERC analysis.

SUSTAINABLE ENERGY FUTURE

Enhancing energy security: High self-sufficiency and increased fuel diversity

Australia has high energy self-sufficiency for all fossil fuels except oil, and it is in non-compliance with the
International Energy Agency (IEA) 90-day stockpile treaty (DIIS, 2015a). While Australia has agreed in
principle to comply, maintaining the stockpile costs billions of dollars.

Under the BAU Scenario, primary energy supply diversity measured against the Herfindahl-Hirschman
Index (HHI) improves from 0.31 in 2013 to 0.30 in 2040 (where a lower number indicates greater
diversity) due to higher shares of natural gas and renewable energy and a lower share of coal (Table 1.5).
Primary energy supply fuel balance is therefore considered good. Fuel input diversity in electricity
generation improves over the projection period, from 0.58 in 2013 to 0.37 in 2040. This is due to coal’s
share in electricity generation decreasing from 65% to 36% while that of gas increases from 21% to 36%
and renewables increase from 21% to 36%.

Table 1.5 e Australia: Energy security indicators under the different Scenarios, 2013 and 2040

2013 2040

Improved High Cleaner |High Gas | High Gas

Efficiency | Renewables Coal 50% 100%
Primary energy
supply diversity (HHI) 0.31 0.30 0.29 0.28 0.30 0.31 0.33
Primary energy supply
self-sufficiency (%) 80 69 70 67 68 69 68
Coal self-sufficiency (%) 100 100 100 100 100 100 100
Oil self-sufficiency (%) 44 12 15 12 12 12 12
Gas self-sufficiency (%) 100 100 100 100 100 100 100
Electricity generation 0.58 0.37 0.35 0.33 0.36 0.36 0.39

input fuel diversity (HHI)

Note: The Herfindahl-Hirschman Index (HHI) is a measure of market concentration and diversity.
Sources: APERC analysis and IEA (2015a).
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Energy security improves by 2040 due to better oil self-sufficiency under the Improved Efficiency
Scenario, in which there is a lower demand for oil (15%) compared with the BAU (12%). The High
Renewables Scenario shows better diversity for electricity generation input fuel (0.33) compared with the
BAU (0.37).

Climate change impacts and risks: High exposure and policy uncertainty

Australia is highly exposed to climate change impacts. It is the most arid inhabited continent on earth
and is subject to extreme climate-induced events, including high-intensity bushfires and firestorms,
floods, cyclones, droughts and out-of-trend weather such as snow in typically warm areas. The
government estimates that more than AUD 266 billion (USD 240 billion) in coastal commercial, industrial,
road and rail, and residential assets are exposed to flooding and erosion hazards at a sea level rise of
1.1 metres (DOE, 2011).

While Australia has a suite of climate change policies, its current flagship GHG emissions policy is an
‘Emissions Reductions Fund,” which operates as a reverse auction in which the government purchases
emissions reductions on eligible projects; it is an AUD 2 550 million (USD 2 297 million) fund (CER, 2015).
In the two fund auctions so far, the government has purchased over 92 Mt of GHG emissions reductions
from 275 projects at an average price of AUD 13.12 (USD 11.82) per tonne of abatement.

Climate policy has undergone many changes in recent years: in 2007 the Rudd Government announced a
Carbon Pollution Reduction Scheme, which the parliament rejected. In 2010, Gillard took over Rudd’s
electoral term as prime minister, and in 2011 the Gillard Government implemented a carbon pricing
mechanism or ‘carbon price’ and an associated whole-of-economy Clean Energy Plan. However, in 2013
the Abbott Government abolished the carbon price and Clean Energy Plan. The Abbott Government
reintroduced the Emissions Reduction Scheme and released the 2015 Energy White Paper, which
promotes CCS from 2030 and otherwise does not refer to climate change. Another change of prime
minister in September 2015 created further uncertainty about Australia’s carbon policy.

The energy-use sectors account for half of total GHG emissions (DOE, 2015). Within the energy-use
sectors, electricity generation is the highest contributor to emissions due to coal dependence under the
BAU Scenario; however, total emissions decline marginally at an AAGR of 0.064% over the projection
period, from 388 MtCO, to 382 MtCO, as the uptake of renewables reduces coal’s share in the power
generation mix (Figure 1.13).

Figure 1.13 e Australia: Final energy-related CO, emissions under the different Scenarios,
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Note: Energy-related CO, emissions include only domestic emissions from fuel combustion. It does not include emissions from: non-
energy use of fuel; industrial processes; and land use, land-use change and forestry (LULUCF).
Sources: APERC analysis and IEA (2015b).
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The Improved Efficiency Scenario offers the largest emissions reductions in the energy sector—19%
compared with the BAU in 2040, at 308 MtCO,. Under this scenario, energy-related CO, emissions
decrease largely due to improved transport efficiency and decreased electricity demand. The High
Renewables Scenario provides the most significant improvements from the beginning of the projection
period, achieving greater energy-related CO, emissions reductions than the Improved Efficiency Scenario
from 2013 to 2037, and continuing to decrease to 315 MtCO, in 2040.

RECOMMENDATIONS FOR POLICY ACTION

Australia’s recommended policy priorities are renewables and energy efficiency, and reviewing the
applicability of CCS in 10 years when the financial viability of cleaner coal becomes apparent. A strong
climate change policy that encourages energy efficiency and renewables, and reduces coal consumption
in the electricity sector, could dramatically reduce emissions per capita. This policy could take a whole-of-
economy approach, addressing different sectors and implementing fuel economy standards and better
public transport in the transport sector; penalties for high emitters and energy efficiency tax incentives in
the industrial and electricity sectors; and renewable energy and green building requirements for new and
existing buildings. These measures would help achieve the Improved Efficiency and High Renewables
Scenarios, and assist developers in electricity generation to plan for storage and a more diversified, less
centralised grid.

Australia already has in place a mandatory consumer information program that requires fuel efficiency
labelling on new cars, as well as a voluntary program through the Green Vehicle Guide to help consumers
make informed decisions. Under the Improved Efficiency Scenario, implementing efficiency standards and
removing restrictions on vehicle imports would both improve fuel efficiency and reduce energy-related
CO, emissions. Formed at the end of 2015, the Ministerial Forum and associated working group for
implementing Euro 6, fuel quality standards, fuel efficiency measures for light-duty vehicles and
emissions testing arrangements will help to achieve this scenario, along with the NEPP.

To reduce oil import growth, Australia could explore and develop the estimated 356 Mtoe of undiscovered
crude oil in four proven basins and 3 444 Mtoe of identified immature oil shale deposits (GA, 2014).
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KEY FINDINGS

® The oil and gas industry dominates Brunei Darussalam’s economy
at two-thirds of GDP. The government aims to reduce over-reliance on
oil and gas by expanding less-developed sectors such as agriculture and
industry by 2035.

® Brunei Darussalam is significantly more energy-intensive than
other economies in the APEC region. It will be difficult to contribute to
intensity reduction targets without implementing energy efficiency and

conservation practices, and deploying renewable energy.

® By 2040, Brunei Darussalam will be the only energy self-sufficient
economy in South-East Asia according to projections. It is currently
the fifth-largest oil producer in South-East Asia and exports more than
three-quarters of its natural gas production as LNG. Remaining gas is

used domestically, mainly to generate electricity and town gas.

® Solar power has the greatest renewable growth potential. Solar
electricity is generated mainly through utility-scale solar PV installations

and rooftop PV systems.

® Restructuring energy prices and fuel subsidies is a sensitive issue.
However, current low global oil prices could help phase out fuel subsidies,

as has been done in neighbouring economies.
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ECONOMY AND ENERGY OVERVIEW

Brunei Darussalam is a small sovereign state on the northern coast of Borneo, 422 kilometres (km) north
of the equator. It has a land area of 5 765 square kilometres (km?) and a 161-km coastline that borders
the South China Sea. The economy relies on revenue from its oil and gas sector, primarily crude oil and
liquefied natural gas (LNG) exports, for two-thirds of its gross domestic product (GDP).

In 2013, the economy’s GDP was USD 21 billion (Table 2.1). With a small population of about 410 000 in
2013 and very high GDP per capita (USD 50 878), the standard of living is high compared with other
South-East Asian economies. Medical services and education up to university level are free, while fuel,
food and housing are highly subsidised and citizens pay no taxes.

Table 2.1 e Brunei Darussalam: Macroeconomic drivers and projections, 1990-2040

1990 2000 2010 2013 2020 2030 2040

GDP (2012 USD billion PPP) 15 18 20 21 23 25 29
Population (million) 0.3 0.3 0.4 0.4 0.5 0.5 0.6
GDP per capita (2012 USD PPP) 56 446 54 541 51 730 50 878 48408 48 641 51 304
APEC GDP per capita (2012 USD PPP) 9 169 11482 15459 17047 21298 28216 35913
TPES (Mtoe) 1.7 2.4 3.2 3.0 4.0 4.4 5.0
TPES per capita (toe) 6.7 7.2 8.2 7.4 8.5 8.5 8.8
APEC TPES per capita (toe) 2.1 2.3 2.7 2.8 3.2 3.4 3.5
Total final energy demand (Mtoe) 0.4 0.6 1.3 1.1 2.0 2.1 2.2
e e per ope 2 @ e o m @7
OIS s a3 113 10 100 s es
Energy-related CO, emissions (MtCO,) 3.3 4.4 6.9 6.9 6.8 7.9 9.0
APEC emissions (MtCO;) 11937 14204 18463 20436 23047 24686 25255
Electrification rate (%) 100 100 100 100 100 100 100

Notes: GDP is measured in USD billion at the 2012 currency exchange rate, using purchasing power parity (PPP) to facilitate comparison
across economies. Unless otherwise indicated, references to costs and investments are expressed in 2012 USD PPP; TPES = total
primary energy supply.

Source: IEA (2015a, 2015b) and World Bank (2015) for historical data; APERC analysis for projections.

Because economic growth depends on the oil and gas sector, Brunei Darussalam is vulnerable to
fluctuations in energy prices. Remaining GDP comes from the agriculture, forestry and fishery, industrial,
and services sectors. Policies on economic diversification have long been in place, but have met with
limited success. GDP per capita is expected to slide marginally to around USD 51 304 by 2040 due to
rapid population growth and dependence on the energy sector, which is forecast to grow more slowly
than population.

In energy sector development, policies encourage energy security, diversification of energy supply,
energy efficiency and conservation. These policies are in line with the National Vision 2035-known as
Wawasan Brunei 2035-to develop the economy’s sustainable future.

ENERGY RESOURCES
Brunei Darussalam is one of the very few Asian economies to have self-sustaining energy production and
reserves in recent decades. In 2014, it was estimated that the oil and natural gas reserves should last for

more than 20 years, and in tonnes of oil equivalent (toe) per capita, energy reserves are the highest in
South-East Asia.

24 APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II



2. BRUNEI DARUSSALAM

As of 2014, total proven oil reserves were nearly 1.1 billion barrels, while total proven natural gas
reserves were estimated at 0.3 trillion cubic metres (tcm) (Table 2.2). These oil and gas reserves should
last approximately 23 years, and new recovery technologies and possible onshore and deep-water fields
could extend this lifespan. The economy ranked 11th out of 21 Asia-Pacific Economic Cooperation (APEC)
economies for both oil and gas reserves, but placed 43th among world oil reserves and 40th for world gas
reserves, accounting for 0.06% of total world oil reserves and 0.15% for world gas reserves in 2014
(Table 2.2).

Significant high-quality coal resources lie within the economy’s interior. Commercial opportunities are
being assessed for possible impacts on the Heart of Borneo area.!

Table 2.2 e Brunei Darussalam: Energy reserves and production, 2014

Proven Years of Percentage of | Global ranking | APEC ranking
reserves production world reserves reserves reserves
Oil (billion bbl) 1.1 24 0.06 43rd 11th
Gas (tcm) 0.28 23 0.15 40th 11th

Notes: Total proven coal/oil/gas reserves are generally taken to be those quantities that geological and engineering information
indicates with reasonable certainty can be recovered in the future from known deposits under existing economic and operating
conditions.

Source: BP (2015).

ENERGY POLICY CONTEXT

Increasingly aware of growth in both global and local energy demand, Brunei Darussalam is taking
measures to further strengthen its energy sector. In March 2014, the Energy and Industry Department of
the Prime Minister’s Office published the first Energy White Paper setting out a framework for strategic
actions to ensure a more sustainable energy sector. One of the targets is to boost the energy sector’s
contribution to a sustainable future; this will require the growth of upstream and downstream oil and gas
acitivities through aggressive exploration, to maintain the reserve replacement ratio? to at least above 1.
The government aims to increase oil and gas production from about 372 000 barrels per day (bbl/d)in
2013 to 650 000 bbl/d in 2035 (EIDPMO, 2015). The government also aims to reduce energy intensity
45% by 2035 (from the 2005 level) to ensure long-term sustainability of the energy sector, in line with
the APEC target. This entails increasing the share of renewable energy in the power generation mix to
10% by 2035.

At the United Nations (UN) Climate Summit in September 2014, Brunei Darussalam announced its goal to
reduce total energy consumption 63% by 2035 (RTB News, 2014); the government has therefore
intensified energy efficiency and conservation initiatives. Measures include a 30-year Energy Efficiency
and Conservation (EEC) roadmap that identifies action plans, particularly in the five major sectors: power,
commercial, residential, transport and industry. This initiative will reduce the amount of fossil fuel needed
for inland energy use, redirecting it downstream and to other economic activities.

One recent policy is the Ministry of Development’'s new EEC Building Guidelines for non-residential
buildings, launched in May 2015, which sets a standard Energy Efficiency Index (EEI) baseline of
175 kilowatt-hours per square metre (kWh/m?) for all government buildings. For primary schools,
however, the EEI baseline is set at 40 kWh/m?, and for secondary schools at 60 kWh/m? (Brunei Times,
2015a). The aim is to reduce energy consumption 50% from the previous year through the use of
energy-efficient inverter air conditioners and energy-efficient lighting.

1'The Heart of Borneo area’ is a joint initiative between Brunei, Malaysia and Indonesia to conserve nearly 25 million hectares of rainforest and protect the
island’s diverse flora and fauna.

2'Reserve replacement ratio’ is a metric used by investors to judge the operating performance of an oil and gas exploration and production company. It
measures the amount of proven reserves added to a company’s reserve base during the year relative to the amount of oil and gas produced. The ratio
must be at least 1 for the company to sustain its business in the long-term.
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BUSINESS-AS-USUAL SCENARIO

The Business-as-Usual (BAU) Scenario assumes that no new policies are implemented during the Outlook
period, other than the existing policies related to energy demand and supply mentioned in the Energy
White Paper. The main policies assumed within the BAU Scenario are summarised in Table 2.3.

Table 2.3 e Brunei Darussalam: Key assumptions and policy drivers under the BAU Scenario

Buildings * Government standards and labelling programs implemented.

Industry * Demand in industry is assumed to grow at an average annual growth rate (AAGR) of 0.92%.

Transport * Significant increase of hybrid cars and electric vehicles (EVs).

=L EACTTLLIWA LD @ » Increased oil and gas production, to 650 000 bbl/d by 2035.
* Remain as an energy exporter to at least 2035.

Power mix * Natural gas continues to dominate the power generation mix.
* Work towards but not achieve the 10% renewable energy generation target.?

Renewables ¢ Installed renewable energy capacity of 10 megawatts (MW) from biomass by 2020.
* Additional solar photovoltaic (PV) capacity of 1.5 MW by 2040.

Energy security ¢ Qil and gas self-sufficiency.
* Improved power generation efficiency, to above current level of 23%, by converting simple-
cycle natural gas power plants to combined-cycle gas turbines (CCGTSs).

Note: This table summarises the main policies assumed within the BAU Scenario; it is not intended as a comprehensive list of all
energy policies.

RECENT TRENDS AND OUTLOOK FOR ENERGY DEMAND

Because oil and gas have dominated the economy, the production of renewables,* although increasing, is
very small. Under the BAU Scenario, final energy demand is expected to increase from 1 097 kilotonnes
of oil equivalent (ktoe) in 2013 to 2 238 ktoe in 2040, an AAGR of 2.7%. When the methanol plant
started production in 2010, the non-energy sector began to take a larger portion of final energy demand
(compared with none in previous years) (Figure 2.1).° However, its share dropped from 54% in 2012 to
17% in 2013 due to several unplanned methanol plant shutdowns. This led the buildings and domestic
transport sectors to become the main energy consumers in 2013, with domestic transport claiming
approximately 41% of total final energy demand and buildings 28%, followed by non-energy use at 17%
and industry at 14%.

By 2040, non-energy use is expected to be the highest energy consumer at nearly 44% or 975 ktoe of
final energy demand. However, energy use in buildings is projected to almost double the 2013 level, to
579 ktoe by 2040 while consumption in the transport sector peaks in 2025 at 501 ktoe (from 446 ktoe in
2013) and subsequently decreases marginally to 486 ktoe by 2040 thanks to fuel economy improvements.

Energy demand growth over the Outlook period means that substantial natural gas will be needed to fuel
industry and as feedstock for methanol production. Natural gas therefore accounts for the largest share
(44%) by 2040, followed by oil at 32% and electricity at 24%.

3 The BAU analysis projects the government target of 10% renewables generation in the power mix will not be realised by the end of the Outlook period
because other potential renewables are still at the feasibility study stage. Only under the High Renewables Scenario is this target achieved by the end of
the Outlook period.

4 Renewables’ includes hydro, solar, wind, geothermal, biomass and marine; when ‘other renewables’ is used, hydro is not included.

5 According to the APEC Expert Group on Energy Data and Analysis (EGEDA) definition of total final energy demand, natural gas used as feedstock for the
production of methanol is reflected under total final energy demand, though all methanol is exported and not used domestically.
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Figure 2.1 e Brunei Darussalam: Final energy demand by sector, 2013-40
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Sources: APERC analysis and IEA (2015a).

Buildings energy use: Electricity dominates due to high space cooling requirements

Energy demand in the buildings sector is expected to grow 2.3% annually over the projection period, to
579 ktoe in 2040 from 311 ktoe in 2013. With electricity as the main energy source, this sector shows
the highest growth rate, as the population is 38% higher in 2040 than in 2013. The electricity share
therefore reaches 89% over the forecast period, from 82% in 2013, while the shares of both oil and
natural gas continue to fall (Figure 2.2).

Electricity use, especially for air conditioning in practically every building, is high because of the
economy’s tropical climate and fairly low electricity tariffs. On 1 January 2012, the government reformed
electricity tariffs for the residential sector to make them progressive rather than regressive. In a
regressive system, the average cost per kWh goes down with higher consumption; the purpose of the
new progressive tariff is to reduce electricity consumption and hence promote energy savings. These
reforms should eventually be applied to the commercial and other sectors as well. The Energy and
Industry Department of the Prime Minister’s Office and the Brunei National Energy Research Institute are
developing a Standards and Labelling Order to promote highly energy-efficient appliances and equipment
in the buildings sector, and air conditioning and lighting in particular have been targeted by the EEI
system. Brunei Darussalam’s Intended Nationally Determined Contribution (INDC) states that
implementation of these measure is expected in late 2016.

Figure 2.2 e Brunei Darussalam: Buildings sector final energy demand, 2000-40
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Sources: APERC analysis and IEA (2015a).
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Industry consumed 154 ktoe in 2013, mainly in the oil and gas sectors (not including refining), followed
by construction and the textile industry (Figure 2.3). The growth of new downstream activities, and oil
and gas services such as a marine supply base and a fabrication yard located at a new industrial site in
Pulau Muara Besar (PMB), are expected to drive demand in the industry sector. Other projects in PMB are
a 2.7-km bridge connecting the mainland to the western shore of PMB, roads, and utilities such as power
and telecommunications lines (Borneo Bulletin, 2015).

Industry energy demand grows at an AAGR of 0.92% to reach 198 ktoe over the Outlook period. Industry
remains the sector with the lowest energy demand, with oil (diesel) as its primary energy source. Oil
consistently accounts for an 89% share of industrial energy demand, with approximately 138 ktoe
consumed in 2013 and a projected consumption of 175 ktoe in 2040. Electricity demand increases to
about 22 ktoe in 2040 from 16 ktoe in 2013. Electricity therefore accounts for the remaining 11% of
overall industrial energy demand.

Final energy demand in the non-energy-use sector declined in 2013 to 186 ktoe from 477 ktoe in 2010.
This sector comprises the economy’s only existing downstream methanol production industry, the Brunei
Methanol Company (BMC). It is located at Brunei Darussalam’s first petrochemical industrial site, Sungai
Liang Industrial Park (SPARK). Several downstream projects are in the feasibility study phase, including
an ammonia and urea plant, and the production of some methanol derivatives such as formaldehyde and
polyoxymethylene (POM).

Figure 2.3 e Brunei Darussalam: Industry sector final energy demand, 2000-40
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Transport energy use: Sector to experience a slowdown after 2025

Demand in the domestic transport sector has grown the fastest historically. This trend continues until
energy demand peaks in 2025, then remains flat until 2030 and subsequently decreases at annual rate of
0.31% to 2040 (Figure 2.4). Growth in domestic transport energy demand is motivated by population
increase, rising incomes, affordable fuel prices and a lack of public transport. Brunei Darussalam has
relatively high fuel subsidies for the APEC region; these subsidies covered just over 3% of the economy’s
GDP in 2013, encouraging greater energy consumption and higher per capita carbon dioxide (CO,)
emissions.

Domestic transport per capita CO, emissions are substantially higher than the APEC average and so
Brunei Darussalam has begun promoting more extensive energy efficiency initiatives: in December 2014,
the Ministry of Communications launched the Land Transport White Paper (LTWP) to provide a long-term
policy framework for land transportation up to 2035 (MC, 2014). Aims include transitioning from private
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to public transport to reduce dependency on cars; improving current modes of transport through
emissions standards for all new vehicles; and minimising the carbon footprint by conserving energy.

The Energy and Industry Department of the Prime Minister’s Office is also working with the Ministry of
Communications to achieve a ‘green’ environment. To promote fuel-efficient vehicles, the government is
developing a fuel economy regulation (FER) for new vehicles. This initiative aims at a weighted average
fuel economy of 17.2 kilometres per litre (km/L) by 2020 and 21.3 km/L by 2025, similar to EU targets
for 2016 and 2025. Other plans proposed in the LTWP are a light rail transit (LRT) system (assuming it is
justified by potential commuter usage as population rises) and revised fuel subsidy policies. As Brunei
Darussalam is a highly vehicle-saturated economy, the share of more efficient engines and new types of
vehicles, such as hybrid and battery EVs, is expected to increase from nil to 21% by 2040 under the BAU
Scenario.

Vehicle stock grows by nearly 40% by 2040 under the BAU, from 170 000 vehicles in 2013 to 236 000 in
2040. In 2040, energy demand for light-duty vehicles account for 73% of all vehicles and motorcycles
account for 1%, up from 71% and 0.27% in 2013. In contrast, the heavy-duty vehicle share drops from
29% in 2013 to 26% in 2040.

Figure 2.4 e Brunei Darussalam: Domestic transport sector final energy demand, 2000-40
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RECENT TRENDS AND OUTLOOK FOR ENERGY SUPPLY
Primary energy supply: Dominated by gas

Oil and gas are the predominant energy sources in Brunei Darussalam. Natural gas is used mainly for
electricity generation and town gas,® as well as for feedstock for downstream industries. Oil is used
primarily for petroleum products. In 1990, natural gas accounted for 97% of total primary energy supply
(TPES); this share declined to about 80% by 2013, and oil was used for the remaining share of TPES
(Figure 2.5). This reduction in gas and increase in oil resulted from increased oil demand in the transport
sector-the government estimates AAGR for new vehicles is 9% (MC, 2014). Under the BAU Scenario,
natural gas shares increase to 84% by 2040 due to power sector expansion and declining oil demand in
the transport sector. Natural gas demand reaches 4 158 ktoe by 2040, from 2 457 ktoe in 2013.

The projections also assume improvements in power generation efficiency, from 23% in 2013 to
approximately 45% by 2020, achieved by replacing open-cycle power plants with more efficient CCGTs in
2018 to reduce gas consumption and make more gas available for export. The sharp decline in TPES in
2013 reflects poor downstream activity in that year.

¢ ‘Town gas' is manufactured locally using naphtha and natural gas as feedstock (Towngas, 2014).
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A refinery and petrochemical complex is currently under construction at the new petrochemical industrial
hub at PMB. It is one of the largest foreign direct investments of a private Chinese company, Hengyi
Industries. This export-oriented refinery has an intake capacity of 175 000 bbl/d and is expected to begin
operations in early 2018. Brunei Darussalam intends to shift to greater consumption of crude oil and the
export of petroleum products when the new facility is operational.

Fossil fuels made up nearly 100% of TPES in 2013. A study assessing the government’s plan to generate
10% of power from renewable energy sources by 2035 is under way. In the BAU Scenario, shares of
renewable energy increase to only 0.33% of TPES by 2040; the renewables target is assumed to be met
only under the High Renewables Scenario.

Figure 2.5 e Brunei Darussalam: Total primary energy supply by fuel, 2000-40
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Energy trade: Only economy to remain a net energy exporter in South-East Asia

Brunei Darussalam is an energy-exporting economy, exporting oil and gas since the 1970s. Along with
the other APEC economies of Australia, Malaysia and Indonesia, Brunei Darussalam was the largest
supplier of LNG in the world until the mid-2000s. It exports LNG primarily to Japan and South Korea.

In 2013, Brunei Darussalam exported LNG spot cargoes to other Asian economies and countries such as
Chinese Taipei and India in an effort to diversify export destinations. At the same time, it developed its
customer base by signing a 10-year contract with Petronas of Malaysia. LNG spot trade grew in 2014,
with China as the largest customer. As the main driver of rising energy demand globally, China is one of
Brunei Darussalam’s short-term LNG export destinations. Brunei Darussalam is also seeking other
regional buyers to secure short-term contracts.

As a result of a natural decline in oil and gas production, Brunei Darussalam exported 12% less in 2010
than in 2000 (Figure 2.6). In 2013 it produced nearly 17 million tonnes of oil equivalent (Mtoe) of fossil
fuels; 18% of production was consumed locally while the rest was exported. Under the BAU, by 2040
fossil fuel production increases nearly 65% to 28 Mtoe with aggressive exploration and production. While
other economies in South-East Asia are expected to be net energy importers by 2040, Brunei Darussalam
could remain the only energy self-sufficient one.

30 APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II



2. BRUNEI DARUSSALAM

Figure 2.6 e Brunei Darussalam: Net energy imports and exports, 1990-2040
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Power sector trends: Remains gas-dependent

The Department of Electrical Services (DES), established in 1921, fulfils the regulatory functions for the
power sector; its mission includes managing and developing the electricity sector. The two electrical
utilities in Brunei Darussalam are the DES and the Berakas Power Management Company (BPMC). BPMC
is owned by the Brunei Investment Agency and operates as a private company.

Of the total installed capacity of 806 MW in 2013, electricity generation is almost entirely natural gas-
fired: the only exceptions are the 12 MW diesel power station at Belingus and the 1.2 MW Tenaga Suria
Brunei (TSB) solar PV demonstration plant. A new cogeneration power plant at PMB, scheduled to be
operational by 2018, should significantly improve average power generation efficiency and reduce gas
consumption. This is part of the action plan for improving power generation energy efficiency to greater
than 45% by 2020.

In 2013, natural gas made up 98% of power generation capacity, and oil and renewables made up the
rest (Figure 2.7). As diesel based power will be decommisioned by 2020, natural gas capacity shares are
expected to increase slightly by 2040, and renewable energy capacity’s share also increases to 0.75%
(13 MW) from only 0.15% (1.2 MW) in 2013, thanks to a new waste-to-energy facility.” Among
renewable energy sources, biomass grows the most, to 10 MW, followed by solar at 3 MW.

Figure 2.7 e Brunei Darussalam: Power capacity and generation by fuel, 2013-40
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7 See Footnote 3.
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ALTERNATIVE SCENARIOS

Of the three alternative scenarios used for analysing energy futures in this Outlook, only the Improved
Efficiency and the High Renewables Scenarios apply to Brunei Darussalam.® Due to the economy’s
atypical dependence on natural gas for electricity, none of the cases in the Alternative Power Mix
Scenario are applicable. The Improved Efficiency Scenario contributes to the reduction in energy demand
(9.6%) and offers the greatest reduction in energy-related CO, emissions (11%) by 2040 between the
two applicable Alternative Scenarios, compared with the BAU. The High Renewables Scenario leads to a
4.6% reduction in energy-related CO, emissions by 2040 compared with the BAU by 2040.

IMPROVED EFFICIENCY SCENARIO TO SUPPORT APEC ENERGY INTENSITY GOAL

The APEC energy intensity goal is a 45% reduction in energy intensity (final energy in toe per unit of
GDP) from 2005 to 2035 across all APEC economies.® Since the goal is a collective effort, Brunei
Darussalam has intensified its efforts to reduce energy intensity. However, its energy intensity is
projected to increase significantly between 2013 and 2040, from 52 toe per USD million to 77 toe per
USD million under the BAU Scenario, or to 69 toe per USD million under the Improved Efficiency Scenario.
The increase is due primarily to the growth of downstream industry, especially the methanol plant that
became operational in 2010. Energy efficiency action plans and measures initiated in the Energy White
Paper may, however, offset some of this increase.

Energy consumption is 9.6% less in the Improved Efficiency Scenario than under the BAU by 2040
(Figure 2.8). Transport accounts for 0.16 Mtoe of these savings, and the buildings sector the remaining
0.06 Mtoe.

Under the Improved Efficiency Scenario, the vehicle stock in 2040 is projected to be 40 000 less, or 17%
lower than under the BAU. As more efficent urban planning and improved public transport reduce vehicle
demand, overall growth in transport energy demand declines by 33%. Meanwhile, the aggressive
deployment of standards and labelling for electrical appliances contributes to energy savings from
buildings, notably in lighting and air conditioning.

Figure 2.8 e Brunei Darussalam: Potential energy savings in the Improved Efficiency Scenario,
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Note: An estimate for savings potential in industry was not calculated due to lack of data and hence the Improved Efficiency Scenario
underestimates the potential savings from enhanced energy efficiency.

Source: APERC analysis.

8 For more details about the Alternative Scenario assumptions, see Chapters 5 through 7 in Volume I.
°The APEC energy intensity goal aims to reduce energy intensity across APEC by 45% by 2035 (from 2005 levels). It is an APEC-wide, collective target, not a
target for each economy. As the denominator of energy intensity remains to be specified; this Outlook uses final energy demand for analysis.
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HIGH RENEWABLES SCENARIO TO SUPPORT APEC DOUBLING RENEWABLES GOAL

The High Renewables Scenario models the APEC doubling renewables goal but focuses on renewables in
power generation and for fuel in the transport sector.'® Under the BAU projections, renewable energy
increases from 2 gigawatt-hours (GWh) to 66 GWh by 2040, with the addition of 12 MW of new capacity
in solar and biomass.

The government’s goal to reach 10% renewables in the power generation mix by 2035 is realised under
the High Renewables Scenario, thanks to solar energy capacity of 350 MW in 2035 and 400 MW in 2040
(Figure 2.9). Under the High Renewables Scenario, electricity generated from renewable resources rises
to 816 GWh by 2040; this assumes a solar contribution made up of one-quarter rooftop PV and three-
quarters utility-scale PV. The main impediment to this scenario could be in allotting the land required for
the utility-scale PV installations. The rooftop PV would be deployed on approximately 16 000 buildings,
and it is presumed that any challenges would be overcome through government support and other
incentives to encourage rooftop PV installations on homes and other buildings.

Figure 2.9 e Brunei Darussalam: Power sector under the High Renewables Scenario, 2013-40
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SCENARIO IMPLICATIONS

ENERGY INVESTMENTS

Projected total energy sector investment requirements are between USD 73 billion and USD 161 billion
from 2015 to 2040 (Table 2.4). Upstream developments claim the bulk of total investments, to expand oil
and gas exploration in deep-water areas and to increase production activities. In both the low- and high-
cost estimates, total upstream investment covers more than three-quarters of the total over the Outlook
period: USD 52 billion in the low-cost estimate and USD 97 billion in the high-cost estimate.

Energy transport claims the second-largest share of total investments at USD 14 billion in the low-cost
estimate and USD 39 billion in the high-cost estimate. Investments are mainly for the oil and gas
pipelines needed to transport increased upstream production. Meanwhile, the downstream sector is
allotted an 8.8% share of the total low-cost estimate, the majority being required for refining—-specifically
to construct the 175 000 bbl/d committed refinery project. The remainder of investment would be used
for additional LNG export terminal capacity of 3.0 million tonnes per year (Mt/y).

10 The APEC renewable energy goal aims to double renewables by 2030 from 2010 levels. It is an APEC-wide collective target, and does not specify a target
for each economy. For the High Renewables Scenario the target is based on final energy in the power and transport sectors. APERC analysis excludes
traditional use of biomass from renewable energy, but includes other types such as biomass for power generation and large-scale hydro.
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The power sector is allotted the smallest share (approximately 1.3%) of the total low cost-estimate, for
the construction of an additional 926 MW of generation capacity (natural gas power plants and expanded
transmission and distribution networks) needed to meet future power requirements.

Table 2.4 e Brunei Darussalam: Projected investments in the energy sector in the BAU Scenario,

2015-40
Upstream Qil 39 58
Gas 13 39
Subtotal 52 97
Downstream Refinery 3.5 18
LNG import terminals 3.0 5.3
Subtotal 6.5 23
Electricity Gas 0.7 1.1
Biomass and others 0.01 0.02
Transmission lines 0.1 0.2
Distribution lines 0.1 0.5
Subtotal 1.0 1.8
Energy transport Qil 0.1 0.2
Gas 14 39
Subtotal 14 39

L moul 73 161

Notes: Investment is estimated based upon a range of figures classified into the lowest and highest costs per unit of energy
facility/infrastructure capacity. This is to capture the variability in unit cost of similar energy facility/infrastructure depending on
certain conditions and peculiarities; Energy transport includes only pipeline (oil and gas), railroad (oil and coal) and coal import
facilities; ‘Biomass and others’ in electricity includes biomass, geothermal and marine.

Source: APERC analysis.

Investments under the Improved Efficiency Scenario are projected to drop by 8% from the BAU Scenario
to USD 67 billion from 2015 to 2040 (Figure 2.10). The energy transport sector is the greatest
contributor to these savings, with an investment allotment of USD 4.2 billion less than under the BAU
projections. The upstream and downstream sectors follow, contributing USD 1 billion and USD 0.47 billion
investment savings. These savings are the result of 20% (602 000 tonnes per year) less additional LNG
terminal capacity than under the BAU. A 15%, or USD 0.15 billion, investment savings in the power
sector occurs with the displacement of 175 MW of capacity additions from the BAU Scenario.

In the High Renewables Scenario, investment projections also fall by 6%, to approximately USD 69 billion.
Investment in the power sector, however, rises due to renewable capacity additions increasing thirty-fold
to 400 MW, from 13 MW in the BAU Scenario. Total investments in upstream operations under the High
Renewables Scenario are 3% lower than under the BAU, with lower gas production resulting in renewable
energy displacing natural gas power plants. In addition, the decrease in gas production curtails capacity
additions for LNG export terminals and further reduces investment needs.
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Figure 2.10 e Brunei Darussalam: Changes in investment requirements in the different
Scenarios compared with the BAU, 2015-40
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SUSTAINABLE ENERGY FUTURE

Enhancing energy security: Energy self-sufficiency level to remain high in 2040

Brunei Darussalam’s level of self-sufficiency is one of the highest in APEC, and it is expected to remain an
energy exporter throughout the Outlook period. Within APEC, it has had the least diverse energy supply
mix since the 1990s; nonetheless, it moved away from natural gas as its primary energy supply in the
early 2000s in response to increasing oil demand. The Herfindahl-Hirschman Index (HHI) declined from
0.94 in 1990 to 0.69 in 2013 and is projected to rise to 0.72 by 2040 under the BAU Scenario (Table 2.5).
The increased share of renewable energy contributes moderately to the energy mix, and in electricity
generation natural gas retains the largest share throughout the forecast period.

Table 2.5 e Brunei Darussalam: Energy security indicators under the different Scenarios, 2013

and 2040
Improved High
Efficienc Renewables
Primary energy supply diversity (HHI) 0.69 0.72 0.75 0.69
Primary energy supply self-sufficiency (%) 100 100 100 100
Oil self-sufficiency (%) 100 100 100 100
Gas self-sufficiency (%) 100 100 100 100
Electricity generation input fuel diversity (HHI) 0.98 0.98 0.98 0.89

Note: The Herfindahl-Hirschman Index (HHI) is a measure of market concentration and diversity.
Sources: APERC analysis and IEA (2015a).

Climate change impacts and risks: Emissions rising due to heavy reliance on fossil
fuels for electricity generation

Because of its small population, Brunei Darussalam ranks among the highest in per capita CO, emissions
in APEC. Even so, the economy contributes only 0.016% of global emissions (UNFCCC, 2015). Gas for the
electricity generation and the other transformation sectors account for the majority of energy-related CO,
emissions, causing the high energy-related CO, intensity. Under the BAU, the 2013 level of 6.9 MtCO,
increases to 9 MtCO, in 2040 (Figure 2.11). Energy-related CO, emissions declines by 11% or 1 MtCO, by
2040 under the Improved Efficiency Scenario, and by 4.6% or 0.42 MtCO, in the High Renewables
Scenario.
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Figure 2.11 e Brunei Darussalam: Final energy-related CO, emissions under the different
Scenarios, 2000-40
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Note: Energy-related CO, emissions include only emissions from fuel combustion. It does not include emissions from: non-energy use of
fuel; industrial processes; and land use, land-use change and forestry (LULUCF).
Sources: APERC analysis and IEA (2015b).

RECOMMENDATIONS FOR POLICY ACTION

BP has estimated that Brunei Darussalam’s energy reserves will be depleted in 23 years; the economy is
therefore committed to diversifying its energy mix to meet the growing demands of its population. While
the economy can benefit from solar power and a waste-to-energy facility, the Energy and Industry
Department of the Prime Minister’'s Office is also exploring the potential to import power from the
anticipated hydroelectric dam project with Sarawak Energy Bhd (SEB) in neighbouring Malaysia (Brunei
Times, 2015b). This could minimise domestic natural gas consumption, freeing up more gas for LNG
exports or for use as feedstock for downstream industries.

Present implementation of energy efficiency measures in Brunei Darussalam is minimal. Priority for
energy efficiency and conservation programs should be placed on the rapidly growing buildings sector,
where energy demand is weighted heavily towards electricity. Improved efficiency of electrical appliances,
especially air conditioners, would slow demand growth in this sector. This would reduce natural gas
consumed for electricity generation and consequently reduce investment requirements.

Brunei Darussalam has one of the highest vehicle per capita levels in the world. The number of new
vehicles on the road rose by almost 20% over the 2011-13 period (Brunei Times, 2015c and DEPD,
2015). Though the economy has announced EU-equivalent fuel economy regulations on new vehicles by
2020 (UNFCCC, 2015), it is encouraged to adopt the strictest fuel economy regulations by 2018.
Considering the transition time for new vehicles to replace the old, early policy action on vehicle
efficiency is possible if the government gives incentives for new vehicles to enter the market. Accurate
data are also essential to formulate EU-equivalent regulations that conform to EU targets.

Recent drops in global oil prices have led to growing uncertainty about the long-term stability of the
economy, which relies wholly on oil and gas for two-thirds of its GDP. Although efforts to diversify the
economy show little result as yet, Brunei Darussalam is exploring structural reforms for economic
diversification and the investments identified in the Wawasan 2035 to sustain its revenue. The current
slump in oil prices creates an opportunity to reform heavily subsidised fuel prices. These subsidies could
be invested in other initiatives in the transport sector to support low-income groups. It is recommended
that Brunei Darussalam implement reforms on energy pricing gradually, drawing on the successful
experiences of other economies.
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KEY FINDINGS

® Canada is rich in energy resources, with the largest oil reserves in
APEC and second-largest in the world. Energy exports are projected
to rise 59% over the Outlook period to 294 Mtoe. Oil leads growth in
energy exports, accounting for nearly three-quarters of total energy

exports in 2040.

® Canadian natural gas exports to the United States have fallen
sharply due to recent technological advances in shale gas and oil
development. Asian markets are being explored for export

diversification to replace falling US demand.

® Energy intensity is projected to fall more than 31% over the
Outlook period under the BAU Scenario. Implementation of cost-
effective efficiency measures under the Improved Efficiency Scenario
leads to a 38% energy intensity improvement and energy savings of 13%
over the BAU.

® Wind power holds significant potential. Wind capacity is projected to
more than triple under the High Renewables Scenario, with renewables
accounting for over 77% of total generation by 2040 compared with just
67% under the BAU.

® Although Canada has set ambitious targets to reduce GHG
emissions, energy-related CO, emissions still rise in the BAU
Scenario. To significantly reduce emissions, implementation of energy
efficiency measures and renewable energy deployment will need to be

accelerated.
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ECONOMY AND ENERGY OVERVIEW

Canada has the second-largest land area in the Asia-Pacific Economic Cooperation (APEC) region and
had a population of 35 million in 2013. From 2013 to 2040, gross domestic product (GDP) is projected
to grow about 57%, with population growth of 19% (Table 3.1). Canada is an energy-intensive economy,
with heavy industry and manufacturing contributing 13% to GDP. Major industries are forestry, mining,
agriculture, chemicals, metal products, machinery and energy (Statistics Canada, 2015).

Canada is endowed with a rich energy resource pool of both non-renewable and renewable’ resources,
including oil and natural gas, coal, uranium, hydro, solar and biomass. Natural resource development has
supported growth of the Canadian economy. According to Natural Resources Canada, in 2013 energy
contributed CDN 175 billion (USD 170 billion)? to nominal GDP and accounted for 10% of total GDP
(NRCan, 2015a). Total direct and indirect energy supply accounted for close to one million jobs, or 5% of
total Canadian employment (NRCan, 2015a). In resource-rich areas of the economy such as Alberta and
British Columbia, the economy is integrated with the resources sector. In Alberta, for example, the
energy sector accounts for 25% of provincial GDP (Alberta Government, 2015).

Canada has traditionally been very dependent on the United States as its primary market. The
development of natural gas deposits in the United States has made it self-sufficient in gas supply, which
has had a dramatic effect on Canadian exports. Canada is under pressure to diversify export markets, so
the energy industry and its resource markets may undergo significant changes over the Outlook period.

Table 3.1 e Canada: Macroeconomic drivers and projections, 1990-2040

1990 2000 2010 2013 2020 2030 2040

GDP (2012 USD billion PPP) 856 1137 1381 1467 1674 1962 2 300
Population (million) 28 31 34 35 37 40 42
GDP per capita (2012 USD PPP) 30 935 37 041 40 474 41 648 45 033 49 247 54 921
APEC GDP per capita (2012 USD PPP) 9 169 11482 15459 17047 21298 28216 35913
TPES (Mtoe) 209 252 251 253 292 304 316
TPES per capita (toe) 7.5 8.2 7.4 7.2 7.8 7.6 7.5
APEC TPES per capita (toe) 2.1 2.3 2.7 2.8 3.2 3.4 3.5
Total final energy demand (Mtoe) 159 189 191 199 215 224 230
Final energy intens?ty per GDP 186 166 138 136 129 114 100
(toe per 2012 USD million PPP)

AECTngl eIy miensiy OO jes 133 113 110 100 80 e
Energy-related CO, emissions (MtCO) 419 516 515 536 545 552 551
APEC emissions (MtCO,) 11937 14204 18463 20436 23047 24686 25255
Electrification rate (%) 100 100 100 100 100 100 100

Notes: GDP is measured in USD billion at the 2012 currency exchange rate, using purchasing power parity (PPP) to facilitate comparison
across economies. Unless otherwise indicated, references to costs and investments are expressed in 2012 USD PPP; TPES = total
primary energy supply.

Sources: IEA (2015a, 2015b) and World Bank (2015) for historical data; APERC analysis for projections.

1 ‘Renewables’ includes hydro, solar, wind, geothermal, biomass and marine; when ‘other renewables’ is used, hydro is not included.
2 Exchange rate calculated using 2013 figures, USD 1: CDN 0.97.

38 APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II



3. CANADA

ENERGY RESOURCES

As the world’s second-largest land area and fifth-largest energy producer, Canada has abundant and
diverse natural resources. Primary non-renewable resources are oil, natural gas, coal and uranium, and
renewable resources are hydro, biomass, wind, solar and tidal power (NRCan, 2015a).

Western Canada holds the majority of Canada’s 174 billion barrels (billion bbl) of proven oil reserves. The
recent technological advances in horizontal drilling, multi-stage hydraulic fracturing and pad drilling that
have developed the shale oil and gas deposits throughout North America could increase Canadian
reserves to over 300 billion barrels (NRCan, 2015a). Alberta’s oil sands account for 97% of proven
reserves, with 134 billion barrels recovered through in situ (non-conventional) methods and 34 billion bbl
through conventional mining (NRCan, 2015a). Current proven reserves are sufficient to meet Canadian
energy demand for the next 140 years at current production rates (NRCan, 2015c), and given the
potential for shale reserves this figure may grow significantly.

In natural gas, proven reserves could increase up to 20 times, from 2.13 trillion cubic metres (tcm) to
57 tcm thanks to recent technological developments, making Canadian gas resources 5.5% of the world
total (NRCan, 2015a). Natural gas deposits are found primarily in the Western Canadian Sedimentary
Basin (WCSB) situated in British Columbia, Alberta and Saskatchewan, with small areas stretching into
Manitoba, the Northwest Territories and Yukon. Shale gas resources are also found in these areas of
western Canada, but other deposits are being developed in Ontario, Quebec and the Maritime provinces
of New Brunswick and Nova Scotia (NRCan, 2015a). Canada has a sophisticated pipeline structure to
move natural gas throughout Canada and the United States.

High-concentration uranium deposits are located in the Athabasca Basin of Saskatchewan, and significant
coal resources are located in the three western provinces as well as Ontario, Nova Scotia, New Brunswick
and unexplored mines in northern Canada (NRCan, 2015a). Having substantial renewable resources used
for electricity, heat and fuels, Canada is the world’s third-largest producer of hydropower, has the ninth-
largest generation capacity for wind power, and ranks fifth-largest in the production of biofuels (NRCan,
2015a).

Canada is historically one of the world’s largest energy producers, and its ample resource base indicates
continued development over the Outlook period.

Table 3.2 e Canada: Energy reserves and production, 20143

Proven Years of Percentage of | Global ranking | APEC ranking
reserves production world reserves reserves reserves

Coal (Mt)? 6 582 95.7 0.74 15th

Oil (billion bbl)? 173 110 10 3rd 1st
Gas (tcm)? 2.0 13 1.1 15th 6th
Uranium (kt U)® 358 38 9.7 2nd 2nd

Notes: ®Total proved coal/oil/gas reserves are generally taken to be those quantities that geological and engineering information
indicates with reasonable certainty can be recovered in the future from known deposits under existing economic and operating
conditions. PUranium reserves are ‘reasonably assured resources’; reference year for uranium reserves and production is 2013.

Sources: For oil, coal and gas, BP (2015); for uranium, NEA (2014).

ENERGY POLICY CONTEXT

The energy industry and its policies are shaped by both the federal and provincial governments. The
federal government outlines three primary policy principles: a responsive and market-oriented energy
industry; the authority of provincial governments for energy development within their respective borders;

3 The BP Statistical Review of World Energy 2015 and the Nuclear Energy Agency’s Uranium 2014 is used as standardised sources of energy reserves and
production for comparative purposes.
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and central government intervention to meet specific objectives, such as environmental regulations
(NRCan, 2014a).

Recent developments in policy and in the energy sector as a whole could shift the structure of the
industry over the Outlook period. Policy developments in the electricity market, specifically in coal and
renewables, demonstrate Canada’s commitment to addressing climate change, and federal and provincial
governments and the private sector continue to develop resource deposits and associated infrastructure
to strengthen export market diversification; energy efficiency policies are discussed later in this chapter.

Strict regulations on coal-fired electricity have banned the construction of traditional coal plants and will
accelerate the closure of existing coal-fired generation facilities. Under the Canadian Environmental
Protection Association (CEPA), this federal regulation applies to all coal generation plants built after 1 July
2015 and to existing plants reaching retirement. All coal plants must meet the performance standard of
natural gas combined-cycle (NGCC) emissions intensity of 420 tonnes per gigawatt-hour (t/GWh) (GOC,
2013). For plants to remain below this emissions intensity level, they must be built or refitted with carbon
capture and storage (CCS) technology. Plants not meeting this target must cease operations at a lifetime
of 50 years, in 2019 or 2029 depending on the date of commissioning. As a result, older, less efficient
coal-fired plants will be phased out and CCS will be installed on more efficient coal plants. Canada has
constructed the world’s first large-scale CCS demonstration plant for coal-fired generation with a 1 million
tonne per annum (Mtpa) capacity at Boundary Dam in Saskatchewan.

Further impetus for cleaner electricity generation is given through tax incentives for the development of
renewable resource generation. The Economic Action Plan 2014 has expanded the accelerated capital cost
allowance (CCA) for renewable technologies to include water-current energy equipment and a wider
variety of waste gasification equipment (Economic Action Plan, 2014). The CCA tax support is available to
any business investing in clean energy generation and energy efficiency projects. Since its inception, the
program has expanded to include heat recovery and district energy equipment, waste heat sources for
generation purposes, biogas production equipment, and equipment used to treat gases from waste
(Economic Action Plan, 2014).

BUSINESS-AS-USUAL SCENARIO

This section summarises the key energy demand and supply assumptions under the Business-as-Usual
(BAU) Scenario (Table 3.3). The definition of the BAU Scenario and the modelling assumptions used in
this Outlook are different from those used by the government for its projections, targets and analysis.

Table 3.3 e Canada: Key assumptions and policy drivers under the BAU Scenario

Buildings ® Minimum energy performance standards (MEPS) and labelling programs maintained at
current levels.

Industry ° Implementation of cost-effective technology improvements.

Transport * Slow deployment of hybrid cars and electric vehicles (EVs). Marginal contribution at the
end of the Outlook period.
* Mandated biofuel blend rates of 5% renewable fuel content for gasoline and 2% for diesel.
® Stringent greenhouse gas (GHG) emissions standards for heavy-duty vehicles.

S A VA rel © Oil exports continue throughout the Outlook period; less coal and nuclear in the primary
supply mix.
* Growth in natural gas production, supplemented by shale oil and gas reserve development.

* Decrease in traditional coal-fired generation, development of CCS technology,
refurbishment and retirement of nuclear facilities.
* Significant growth of gas and renewables.
Energy security * No explicit energy security policies and targets.
¢ Self-sufficiency in oil, gas, coal and renewables.

Note: This table summarises the main policies assumed within the BAU Scenario; it is not intended as a comprehensive list of all energy
policies.
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RECENT TRENDS AND OUTLOOK FOR ENERGY DEMAND

Energy demand under the BAU Scenario is projected to grow modestly over the Outlook period, rising
over 15% to about 230 million tonnes of oil equivalent (Mtoe) from 199 Mtoe in 2013, an average annual
growth rate (AAGR) of just 0.53%. In 2013, domestic transport consumed 31% and buildings 33% of
total final energy, with industry and non-energy use accounting for the remainder (Figure 3.1). In the
recovery period following the global economic decline of 2008 and the recent shifts in energy prices,
industry energy demand rises at a slower rate but regains momentum and shows a slightly higher AAGR
than the other two sectors by the end of the Outlook period. By 2040, buildings account for the largest
share of energy demand (32%), followed by domestic transport (30%) and industry (26%).

To address climate change, the government has introduced a variety of energy efficiency programs.
Already, CDN 5 billion (USD 4.5 billion) has been invested in ecoENERGY initiatives, and the Efficiency
and Alternative Transportation Fuels program contributed an additional CDN 195 million
(USD 189 million) between 2011 and 2016 in measures to improve energy efficiency in housing, buildings,
equipment, industry and vehicles (NRCan, 2014a).

Figure 3.1 e Canada: Final energy demand by sector, 2000-40
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Sources: APERC analysis and IEA (2015a).

Buildings energy use: Efficiency improvements keep growth moderate

Energy consumption in the buildings and agriculture sector is projected to grow 0.4% annually from
66 Mtoe in 2013 to 74 Mtoe in 2040 (Figure 3.2). Despite declining oil use, higher gas and electricity
consumption results from rising population and growing cities. Demand for space conditioning will be the
primary driver in overall growth; although appliance and equipment penetration also increases, the pace
is slower due to household appliance and equipment saturation. Due to temperature extremes, Canada’s
energy use for buildings is among the highest in APEC.

EcoENERGY and other related programs have been introduced in the commercial and residential sectors.
In 2011, the National Energy Code for Buildings (NECB) was introduced; it is a 25% improvement from
the previous building code and outlines minimum energy efficiency requirements in new buildings (NRCan,
2015b). Initiatives originally designed for commercial buildings have also benefited the residential sector
by setting high standards for energy efficiency improvements (NEB, 2013).“ Natural Resources Canada
has also developed the Federal Buildings Initiative, which is a retrofit program for federally owned
buildings. Since its introduction in 1991, the initiative has resulted in cumulative energy savings of
CDN 500 million (USD 486 million), an average of 15% to 20% which is expected to continue over the

4 Data based on Canada’s Energy Future 2013 as Canada’s Energy Future 2016 was not available at the time of modelling and drafting. For more recent
government projections, see: https://www.neb-one.gc.ca/nrg/ntgrtd/ftr/2016/index-eng.html.
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Outlook period (NRCan, 2015b). Finally, in 2014 the Federal Energy Efficiency Act was adjusted to
increase MEPS on home appliances and initiate a phase-out of inefficient lighting (NEB, 2013).% Further
amendments to the act are expected by 2017 (NRCan, 2015c). These programs for energy efficiency are
expected to slow the overall growth of final energy demand in the buildings and agriculture sector.

Figure 3.2 e Canada: Buildings sector final energy demand, 2000-40
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Industry energy use: The fastest growth of all end-use sectors

Industry demand grows at an AAGR of nearly 0.81% over the Outlook period, the fastest-growing sector
in final energy demand (Figure 3.3). Industry has been recovering since the economic downturn in 2008,
but with the recent drop in global energy prices, the mining sector (Canada’s largest industry) has
suffered a significant slowdown.

Production in natural resources is expected to rise significantly, more than 34%, from 55 Mtoe in 2013 to
74 Mtoe by 2040. Recovering production rates foster growth in other industrial sectors: the increase is
small in iron and steel, chemicals and petrochemicals, and non-metallic minerals (slightly more than
20%), while machinery, food and tobacco, and pulp and paper and printing account for the bulk of
growth (over 80%), registering an AAGR of 0.95%.

Figure 3.3 e Canada: Industry sector final energy demand, 2000-40
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Sources: APERC analysis and IEA (2015a).

5 See Footnote 4.
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Various industrial demand programs at both the federal and provincial levels focus on energy savings for
this sector (NEB, 2013).° ECOENERGY works with a variety of organisations to promote programs for
energy efficiency and the reduction of GHG emissions in industry, and support is provided through the
Canadian Industry Program for Energy Conservation to cover ISO 50001 Energy Management Systems,
the implementation of effective energy management projects and the exchange of best practices, training
workshops and toolkits, industry networking opportunities, and newsletters (NRCan, 2013).

Transport energy use: Road transport continues to dominate

Domestic transport energy demand is projected to grow 0.5% annually between 2013 and 2040,
significantly slower than the historical trend of 1.6% per year from 1990 to 2010. Canada’s vast land
area, large distances between urban centres, sprawling resource deposits and lack of significant public
transportation infrastructure ensure that road transport dominates transport energy consumption over
the Outlook period. While overall transport energy demand grows at an AAGR of 1.1% between 2013 and
2020, stricter fuel economy standards and other initiatives to improve energy efficiency in transport lead
to a plateauing of energy demand by 2020 (67 Mtoe), after which time only modest annual growth is
expected (Figure 3.4). By 2040, total domestic transport energy demand reaches 70 Mtoe, 14% above
the 2013 level (61 Mtoe).

Figure 3.4 e Canada: Domestic transport sector final energy demand, 2000-40
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The share of fuel-efficient vehicles (for example EVs and plug-in hybrids) is expected to rise as a result of
rebate programs, pilot projects, funding for research projects and the commercialisation of sustainable
vehicle technologies (NRCan, 2014a). Of total car sales, low-emissions vehicles account for close to 10%
in 2040, up from only 0.3% in 2012. Stricter GHG emissions standards for light- and heavy-duty vehicles
and an updated mandate for renewable fuel content in both gasoline (5%) and diesel (2%) increase
biofuels use in transport from 2.9% to 3.6% and electricity from 0.65% to 2.9%.

¢ See Footnote 4.
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RECENT TRENDS AND OUTLOOK FOR ENERGY SUPPLY

Primary energy supply: Natural gas and renewables replace coal and nuclear

Since 1990, growth in all energy sectors has been steady. Despite a slight decline in the early 2000s, all
fuels except coal increased steadily. Since 2000, the share of coal in TPES has declined, a trend that is
expected to continue over the Outlook period given the phase-out of coal generation.

In 2013, Canada’s primary energy supply was largely fossil fuel-based with a share of over 34% of
natural gas, 31% oil and 6.9% coal; renewables made up over 19% of the supply; and nuclear the
remaining 13% (Figure 3.5). The energy supply mix shifts over the Outlook period under the influence of
government initiatives, policies on GHG emissions in various sectors, and technological advances in the
oil and gas industry.

Figure 3.5 e Canada: Total primary energy supply by fuel, 2000-40
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TPES grows annually by 0.82% from over 253 Mtoe in 2013 to 316 Mtoe in 2040. The share of natural
gas increases at an AAGR of 1.4% to 128 Mtoe by 2040. Incentives and tax cost allowances for the
development of renewables are expected to contribute to the 27% combined growth of hydro and other
renewables to 61 Mtoe. Growth in natural gas and renewables offsets decreases in coal and nuclear for
an overall net increase in TPES of 63 Mtoe. Coal declines by 50%, falling to just 8.7 Mtoe in 2040 from
17.4 Mtoe in 2013 due to phase-out of high-emitting plants. Nuclear declines by 22% as older nuclear
facilities are retired or cease operations for refurbishment. As hydro, other renewables and natural gas
are abundant and accessible, capitally intensive nuclear facilities and costly refurbishments are less
competitive for energy supply and generation capacity.
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With rich natural resources and a comparatively low domestic energy demand, Canada is one of APEC’s
largest energy exporters. Net energy exports were 185 Mtoe (37% of energy production) in 2013, oil
constituted 62% and gas 25% (Figure 3.6). By 2040, oil production reaches 324 Mtoe and gas 171 Mtoe
(NEB, 2016).7 These projections are subject to considerable uncertainty, however, as production is highly
dependent on future prices.

Based on these production estimates, exports increase by 60% to 294 Mtoe in 2040. Exports are driven
mainly by oil and to a lesser extent gas. Oil exports show a steady increase to 223 Mtoe by 2040,
compared with 116 Mtoe in 2013. Gas exports rise until 2023, when higher domestic consumption causes
exports to decline. However, depending on the development of liquefied natural gas (LNG) projects and
global gas demand, gas production could rise significantly and offset this decline. Coal exports climb to
26 Mtoe in 2040, an increase of 43% from 2013 (18 Mtoe) due to the fall in domestic consumption and
rising demand in Asia.

Figure 3.6 e Canada: Net energy imports and exports, 1990-2040
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Canadian exports were valued at CDN 128 billion (USD 124 billion) in 2013, of which 92% went to the
United States (97% of crude oil exports, 92% of petroleum products and 100% of natural gas) (NRCan,
2015a).

Advances in shale technologies that have nearly doubled Canadian resources have also benefited the
United States. The United States had proven natural gas reserves estimated at 9.7 tcm in 2013, 40% of
which was shale gas (EIA, 2014), and is projected to become a net exporter of gas by 2017 (EIA, 2015a).
Increased production in the US primary market has directly displaced Canadian gas; natural gas exports
have decreased over 25% and production volumes have decreased 13% since 2005 (EIA, 2015b).

7 See Footnote 4.
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Box 3.1 e Canada: Proposed LNG export terminals
Canada has a stable and massive natural gas supply, and exporting to the growing Asia-Pacific region
and other APEC economies would diversify Canada’s markets. Six pipeline expansion projects have
been proposed in British Columbia to connect LNG terminals (NRCan, 2015a). There are currently 10
terminals proposed for the west coast and one for the east coast; under ideal circumstances, the first
projects would come on line around 2020.
Location ESt'.m e Ownership Status
time
Pacific Petronas (62%), Gave conditional positive Final
Northwest LNG Japex (10%), Investment Decision (FID)
Prince Sinopec (10%), Waiting for Canadian Environment
12 Rupert. BC 2019 Indian Qil Co. Assessment Act (CEAA) approval
pert, (10%), Petroleum (September, 2015)
Brunei (3%),
Huadian (5%)
LNG Canada Shell (50%), Received British Columbia Processes
Mitsubishi (15%), for Reviewing. Environmental
12 Kitimat, BC 2020+ PetroChina (20%), Assessment Act (BCEAA) and CEAA
KOGAS (15%) approval
FID planned for 2016
Douglas Channel Alta Gas/Idemitsu FID expected at the end of 2016 this
Floating LNG . (33.3%), Exmar year
(FLNG) 0.55  Kitimat, BC 2018  (33'3¢,) EDF Needs National Energy Board (NEB)
(33.3%) export licence
Kitimat LNG -, Chevron (50%), All certifications acquired
11 Kitmat, BC 2020 \y504side (50%)  FID planned for 2016
Prince Rupert 14 Prince 2021+ BG Group Shell-BG merger puts project on hold
LNG Rupert, BC indefinitely
Woodfibre LNG Pacific Oil and Gas Sold 1 Mtpa/25 years to Guangzhuo,
. China
2.1 Squamish, BC 2019 Recently granted extension for
environmental review
WCC LNG Prince ExxonMobil Canada BCEAA pre-application, CEAA
15 2024 (50%), Imperial Oil substituted by BCEAA, NEB approved
Rupert, BC
(50%)
Aurora Digby Island CNOOC (60%), FID in 2017
24 9 yBC ! 2023 Inpex (20%), JGC BCEAA pre-application, CEAA
(20%) substituted by BCEAA, NEB approved
Wespac Tilbury Wespac Midstream Brownfield, using existing
LLC infrastructure of Fortis BC LNG
1.5 Delta, BC 2020 storage facility
Export licence received
Triton LNG Alta Gas/Idemitsu  Export licence received
-, (33.3%), Exmar Not yet applied for Environmental
2.3 Kitimat, BC 2020+ (33.3%), EDF Assessment EA
(33.3%)
Goldboro Pieridae Energy Received all approvals - supply from
10 Nova Scotia 2020 Canada Ltd US (requires Department of Energy
(DOE) approval for export)
Sources: Various company websites.

Power sector trends: Continued high renewable generation

Generation capacity reaches 161 gigawatts (GW) by 2040, an increase of 24% from 2013 (130 GW)
(Figure 3.7). The share of non-fossil power generation capacity, including nuclear, reached 78% in 2013.
As such, Canada has one of the lowest-emitting electricity systems among APEC economies and G20
members (UNFCCC, 2015). Non-fossil energy’s share is projected to decrease slightly by 1.8% in 2040,
although the overall amount rises to 122 GW from 101 GW in 2013; of this, the share of nuclear declines
from 11% (14 GW) to 7% (11 GW).
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Renewable power continues to hold the majority share of capacity, with hydropower accounting for more
than half of the economy’s total capacity. The capacity of other renewables almost doubles from 8.2% in
2013 to 15% in 2040: biomass more than doubles (from 1.6 GW to 4 GW), solar quadruples (from
1.2 GW to 5.1 GW), and wind nearly doubles (7.8 GW to 15 GW). The renewables share of total installed
capacity reaches 69% by 2040, slightly above the share of over 67% in 2013.

The share of coal capacity declines substantially from 7.6% in 2013 (9.9 GW) to 2.4% in 2040 (3.9 GW)
and that of oil follows suit, from 4.8% in 2013 (6.2 GW) to 2.3% in 2040 (3.7 GW). However, gas
capacity increases from 10% in 2013 (13 GW) to 19% in 2040 (31 GW).

Power generation is projected to increase by 18%, from 652 terawatt-hours (TWh) in 2013 to 771 TWh in
2040. Non-fossil energy remains dominant, decreasing slightly from 79% in 2013 to 78% in 2040. The
share of renewables rises from 63% in 2013 to 67% by 2040. Coal generation declines steadily over the
Outlook period.

The retirement and refurbishment of nuclear facilities result in a 22% decrease in nuclear capacity, from
11% in 2013 to 7% in 2040. No nuclear facilities are scheduled for construction over the Outlook period.
Renewables and natural gas compensate for the loss of coal and nuclear capacity.

Coal represents 2.9% of the generation power mix in 2040, a significant decrease from 10% in 2013; the
oil share also declines from 1.2% to 0.56%. Considerable domestic production, new shale resources and
a temporary decrease in exports make natural gas competitive for electricity generation. Its share of
generation therefore rises from 10% in 2013 to 19% by 2040.

Figure 3.7 e Canada: Power capacity and generation by fuel, 2013-40
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Sources: APERC analysis and IEA (2015a).

ALTERNATIVE SCENARIOS

Of the three Alternative Scenarios, only the Improved Efficiency and High Renewables Scenarios are
applicable to Canada.® Because no new nuclear or coal additions are anticipated and more than half of
Canada’s electricity generation by 2040 is met by hydropower, the Alternative Power Mix Scenario is not
applicable.

Canada’s policies for energy efficiency, its commitment to GHG emissions reduction and programs for
sustainability are significant and should reduce energy consumption resulting from population growth,
extreme temperatures, a vast land area and considerable heavy industry. The Improved Efficiency

8 For more details about the Alternative Scenario assumptions, see Chapters 5 to 7 in Volume I.
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Scenario demonstrates the greatest impact on energy use: managing energy demand with ambitious
energy efficiency targets and programs, investments and policies reduces energy intensity, energy
demand and emissions and achieves domestic and international climate change targets.

IMPROVED EFFICIENCY SCENARIO TO SUPPORT APEC ENERGY INTENSITY GOAL

The APEC Energy Intensity Goal is a 45% reduction in energy intensity (final energy in tonnes of oil
equivalent [toe] per unit of GDP) from 2005 to 2035 across all APEC economies.® Over this period,
Canada’s energy intensity under the BAU Scenario falls by 31%—short of the regional target due to rising
industry energy demand. Under the Improved Efficiency Scenario, energy intensity declines by more than
38% between 2005 and 2035. Total projected savings under this scenario reach 29 Mtoe in 2040, a 13%
greater reduction in energy demand than under the BAU Scenario (Figure 3.8).

Figure 3.8 e Canada: Potential energy savings in the Improved Efficiency Scenario, 2015-40
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Source: APERC analysis.

Energy savings are largest in the buildings sector (12 Mtoe), just above those of industry. Given Canada’s
cold climate and high use of space heating, more than half of all residential and commercial savings can
be attributed to improvements in space heating and insulation. More efficient building envelopes,
replacement of electric residence heaters with gas condensing boilers, advances in water heating
technology (such as heating pump water heaters) and more efficient appliances offer significant savings
potential.

As the industry sector is highly energy-intensive, the potential for energy savings is a significant 12 Mtoe,
19% greater than in the BAU Scenario. Nearly half of all estimated savings come from efficiency
improvements in the pulp and paper and mining industries, the two largest energy-consuming sectors in
2040.

Savings in transport under the Improved Efficiency Scenario are estimated to be 8.7% (6.1 Mtoe) greater
than under the BAU by 2040 because of increased penetration of efficient vehicles and better urban
development. As a developed economy, Canada already has high levels of vehicle saturation and
developed urban centres. Vehicle stock, including light- and heavy-duty vehicles, increases to 31 million
units by 2040 under the BAU, but to only 28 million under the Improved Efficiency Scenario thanks to
improved public transportation and urban development. Furthermore, the share of advanced vehicles in
the Improved Efficiency Scenario is expected to reach 24%, compared with 13% in the BAU Scenario.

° The APEC energy intensity goal aims to reduce energy intensity across APEC by 45% by 2035 (from 2005 levels). It is an APEC-wide, collective target, not a
target for each economy. As the denominator of energy intensity remains to be specified, this Outlook uses final energy demand for analysis.
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HIGH RENEWABLES SCENARIO TO SUPPORT APEC DOUBLING RENEWABLES GOAL

In 2010 APEC announced the goal to double the share of renewables in the APEC region’s energy mix,
including in power generation, by 2030.° Asia Pacific Energy Research Centre (APERC) analysis focuses
on renewables in power generation and fuel use in the transport sector.

Under the BAU Scenario, renewable power generation is projected to increase from 409 TWh in 2013 to
501 TWh by 2030 (69% of total generation) and 518 TWh by 2040 (67% of total generation). Given
Canada’s high level of renewable deployment and incentives promoting renewable generation, the share
of renewable generation is predicted to reach 75% under the High Renewables Scenario by the end of
2030 (550 TWh), and 77% in 2040 (596 TWh) (Figure 3.9).

The largest growths in the High Renewables Scenario are in solar (from 1.4 TWh to 14 TWh), biomass
(5.5 TWh to 22 TWh) and wind (13 TWh to 41 TWh) by 2030. By 2040, generation from solar reaches
17 TWh, biomass 29 TWh and wind 48 TWh.

Figure 3.9 e Canada: Power sector under the High Renewables Scenario, 2013-40
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In 2014, Canada ranked sixth worldwide in new capacity additions (CanWEA, 2015) thanks to an
additional 1.9 GW of w ind capacity, making it the ninth-largest wind energy producer globally. Although
63% of wind power is in the eastern provinces of Ontario and Quebec, there is great potential for wind
power development inland on the prairie and in coastal areas (NRCan, 2014b). The Canadian Wind
Energy Association (CanWEA) is urging the government to create more incentives for manufacturers, to
streamline permit and approval processes for wind projects, and to enhance wind energy procurement.
The organisation hopes that with government support, wind energy can supply 20% of electricity demand
by 2025 (CanWEA, 2015).

Finally, the High Renewables Scenario projects a greater use of biofuels, with both supply potential and
demand increasing significantly. In the BAU Scenario, the demand for biofuels rises at an AAGR of 1.5%
from 1.8 Mtoe in 2013 to 2.6 Mtoe in 2040 (Figure 3.10). Canada’s vast land area offers great potential
for supply growth. In the High Renewables Scenario, biofuel supply potential more than triples; current
mandates for renewable fuel blends are expected to push biofuel demand. The federal government
mandates an average 5% renewable content for gasoline and 2% for diesel, but higher blend rates exist
at the provincial level, with targets as high as 8.5% in Manitoba (USDA, 2014). In the High Renewables
Scenario, blend rates of 6.5% for bioethanol and 3% for biodiesel are assumed by 2040. Biofuel demand
grows 2.8% annually, from 1.8 Mtoe to 3.1 Mtoe over the Outlook period.

10 The APEC renewable energy goal aims to double renewables by 2030 from 2010 levels. It is an APEC-wide collective target, and does not specify a target
for each economy. For the High Renewables Scenario the target is based on final energy in the power and transport sectors. APERC analysis excludes
traditional use of biomass from renewable energy, but includes other types such as biomass for power generation and large-scale hydro.
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Figure 3.10 e Canada: Biofuels demand and supply potential in the BAU and High Renewables
Scenarios, 2010-40
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Notes: Supply potential refers to the potential biofuels production if energy feedstock availability was maximised without impacting
agricultural production. Supply potential is for the Outlook period only; HiRE = High Renewables Scenario.
Sources: APERC analysis, IRENA (2014), FAO (2014) and IEA (2015a).

SCENARIO IMPLICATIONS

ENERGY INVESTMENTS

Total projected investments in the energy sector are between USD 1.2 trillion in the low-cost estimate
and USD 2 trillion in the high-cost estimate from 2015 to 2040. Given Canada’s significant production
levels, 62% of the total low-cost estimate and 63% of the high-cost estimate will be required for the
upstream sector (Table 3.4). The bulk of these investments will be allocated for the production of onshore
and offshore oil, followed by gas and coal production.

After the upstream sector, the second-largest share of energy investments is allocated to the energy
transport sector (16% of low-cost estimate and 13% of high-cost estimate), with oil pipelines (including
export pipelines) absorbing the bulk of investment.

Electricity claims the third-largest investment share (12% of low-cost estimate and 14% of high-cost
estimate). Electricity sector investments go towards additional capacity requirements for grid
development, including transmission and distribution lines, and natural gas and renewables generation.

The downstream sector’s share is the smallest in both the low-cost estimate (9.3%) and the high-cost
estimate (10%), with oil refineries and regasification facilities accounting for the bulk of investment
demand.

Investment requirements under the Improved Efficiency Scenario decrease in all four sub-sectors, with
cumulative savings estimated at USD 118 billion, a 9.8% decrease from the BAU Scenario in the low-cost
estimate (Figure 3.11). The largest investment reduction potential is in the upstream sector
(USD 49 billion) as oil, gas and coal production slow to accommodate lower energy demand. Savings
potential in the power sector follows at USD 46 billion, with improved efficiency of existing infrastructure
sharply reducing investment requirements for power generation. Energy transport investment savings of
USD 22 billion reflect 15% lower gas consumption, making existing gas transport infrastructure sufficient
to meet future demand. Downstream investment savings potential under the Improved Efficiency
Scenario is the lowest (USD 1.3 billion) owing to the highly capital-intensive nature of the oil refinery and
LNG facilities.
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Table 3.4 e Canada: Projected investments in the energy sector in the BAU Scenario, 2015-40

2012 USD billion PPP Low-cost estimate High-cost estimate

Upstream Qil 649 974
Gas 88 264
Coal 13 42
Subtotal 750 1280
Downstream Refinery 2.5 13
LNG import terminals 0.5 1.0
LNG export terminals 108 194
Biofuels Refinery 0.6 0.8
Subtotal 111 208
Electricity Coal 4.4 12
Gas 14 24
Hydro 7.4 45
Wind 21 53
Solar 14 16
Biomass and others 3.6 7.9
Transmission lines 57 71
Distribution lines 27 52
Subtotal 149 282
Energy transport Qil 166 206
Gas 24 66
Coal 0.5 1.0
Subtotal 190 273

Notes: Investment is estimated based upon a range of figures classified into the lowest and highest costs per unit of energy
facility/infrastructure capacity. This is to capture the variability in unit cost of similar energy facility/infrastructure depending on
certain conditions and peculiarities; Energy transport includes only pipeline (oil and gas), railroad (oil and coal) and coal import
facilities; ‘Biomass and others’ in electricity includes biomass, geothermal and marine.

Source: APERC analysis.

Investment requirements for the High Renewables Scenario are marginally higher (3% or USD 36 billion)
than under the BAU Scenario in the low-cost estimate. Higher investments in the power sector of
USD 49 billion are needed for hydro, wind, solar and biomass capacity to meet the increased demand for
these renewables. Savings are demonstrated for the upstream (USD 9.2 billion), downstream
(USD 67 million) and energy transport (USD 3 billion) sectors. Greater savings in upstream and energy
transport result from lower demand for fossil energy and thus reduced investment requirements for
production and distribution.

APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II 51



3. CANADA

Figure 3.11 e Canada: Changes in investment requirements in the different Scenarios compared
with the BAU, 2015-40
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Note: The changes in investment requirements compare the Improved Efficiency and High Renewables Scenarios with the BAU low-cost
estimate only.
Source: APERC Analysis.

SUSTAINABLE ENERGY FUTURE

Enhancing energy security: High energy self-sufficiency and fuel mix diversity

Canada’s vast and diverse supply of natural resources is expected to not only meet domestic energy
needs, but support growth of the energy sector through exports of oil, coal and natural gas. The
Improved Efficiency Scenario demonstrates increased efficiency, lower domestic consumption and the
export of excess energy. Under the High Renewables Scenario, over 77% of electricity generation (2040)
is from domestic renewable resources. Domestic fossil fuel consumption decreases, allowing greater
export opportunities. The policy to reduce coal consumption weakens coal demand over the projection
period, resulting in coal production four times greater than domestic demand; similarly, oil production
exceeds demand by 3.3 times. As it has one of the highest self-sufficiency levels in APEC, Canada is
expected to continue being a major energy exporter beyond 2040.

Canada possesses one of the most diverse energy supplies among APEC members, with energy self-
sufficiency expected to improve over the projection period. In 2013, the Herfindahl-Hirschman Index
(HHI) for primary energy supply diversity was HHI 0.24; by 2040, the HHI deteriorates slightly to HHI
0.29 due to increasing reliance on natural gas (a lower nhumber indicates greater diversity) (Table 3.5).
This rating improves to HHI 0.26 under the Improved Efficiency Scenario and HHI 0.25 under the High
Renewables Scenario, due to a more diversified renewable energy supply. Canada is fully self-sufficient in
oil, gas and coal, and electricity generation input fuel diversity was HHI 0.26 in 2013, indicating a high
level of diversification of its power mix (both fossil and non-fossil energy, particularly hydro).

Table 3.5 e Canada: Energy security indicators under the different Scenarios, 2013 and 2040

Improved High
Efficienc Renewables

Primary energy supply diversity (HHI) 0.24 0.29 0.26 0.25
Primary energy supply self-sufficiency (%) 100 100 100 100
Coal self-sufficiency (%) 100 100 100 100
Oil self-sufficiency (%) 100 100 100 100
Gas self-sufficiency (%) 100 100 100 100
Electricity generation input fuel diversity (HHI) 0.26 0.28 0.36 0.27

Note: The Herfindahl-Hirschman Index (HHI) is a measure of market concentration and diversity.
Sources: APERC analysis and IEA (2015a).
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Climate change impacts and risks: Potential for emissions reductions in industry and
transport

Canada accounts for 1.6% of the world’s GHG emissions (INDC, 2012), and in 2013 fossil fuel production
was the largest contributing sector at 26% of emissions (NRCan, 2015a). Under the BAU Scenario,
energy-related CO, emissions grow from 536 million tonnes of carbon dioxide (MtCO,) in 2013 to
551 MtCO, by 2040.

Canada has set an economy-wide target to reduce GHG emissions to 30% below the 2005 level by 2030,
to 430 MtCO,. However, the Outlook shows energy-related CO, emissions growing to 551 MtCO, in 2030,
well above the economy-wide GHG emissions targets for all sectors. To reach its economy-wide goal and
ensure a sustainable energy future, provincial and federal governments, and agencies such as the
Canadian Council of Ministers of the Environment, have committed to the development of clean energy
technologies and new policies to address climate change (INDC, 2015). Since 2006 the federal
government has invested more than USD 10 billion in environmentally sustainable infrastructure and
technologies, smarter grids, programs for energy efficiency and the promotion of cleaner fuels (INDC,
2015). Similar investments are also expected in the future.

Under the Improved Efficiency Scenario, energy-related CO, emissions decrease to 444 MtCO, in 2040
(Figure 3.12). In the High Renewables Scenario, energy-related CO, emissions are 522 MtCO, in 2040.
The largest potential for reducing energy-related CO, emissions is in the industry and transport sectors.
Although many aspects of Canadian industry are energy-intensive, industrial demand-side management
programs and improvements in the energy efficiency of equipment would help curb energy-related CO,
emissions (NEB, 2013).'* Expanding public transportation systems to reduce the use of private vehicles
and increasing the share of biofuels could significantly decrease transport’s energy-related CO, emissions.
Sector-by-sector government initiatives for emissions reductions would also aid in reaching the economy-
wide emissions reduction goal as well as the APEC Energy Intensity Goal.

Figure 3.12 e Canada: Final energy-related CO, emissions under the different Scenarios, 2000-40
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Note: Energy-related CO, emissions include only domestic emissions from fuel combustion. It does not include emissions from: non-
energy use of fuel; industrial processes; and land use, land-use change and forestry (LULUCF).
Sources: APERC analysis and IEA (2015b).

11 See Footnote 4.
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RECOMMENDATIONS FOR POLICY ACTION

If Canada is to remain competitive in the international energy sector, further development of
infrastructure for oil and natural gas exports is needed to facilitate the shipment of surplus fossil fuels to
international markets, particularly in the Asia-Pacific region.

With concerted efforts in renewable energy development, Canada could be powered almost entirely by
renewable electricity. The expected retirement of coal plants over 2019 to 2029 is an opportunity to
further accelerate renewables deployment. However, policies are needed to address non-economic
barriers, such as streamlining permitting and approval procedures for renewable projects and offering
additional support mechanisms to attract greater investment in renewable power.

Improving energy efficiency across all end-use sectors offers significant savings potential. Tighter
regulation of building codes, MEPS and fuel efficiency, as well as incentives and support measures to
facilitate investments in energy efficiency in industry, are needed to help realise these potential savings.
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KEY FINDINGS

® Under the BAU Scenario’ Chile’s final energy demand grows 67%
from 27 Mtoe in 2013 to 45 Mtoe in 2040. A member of the OECD
since only 2010, Chile is transitioning to developed economy status. The
industry sector grows by 102% over the Outlook period, followed by non-

energy use (88%), buildings (59%) and domestic transport (35%).

® With limited domestic fossil fuel resources and no plans for
nuclear energy, Chile’s net energy imports double under the BAU
Scenario over the projection period. Primary energy supply self-
sufficiency deteriorates under the BAU from 39% in 2013 to 29% in 2040,
but a significant increase in renewable capacity under the High

Renewables Scenario improves self-sufficiency to 40%.

® Energy intensity drops 25% from the 2005 level by 2035 under
the BAU Scenario. Under the Improved Efficiency Scenario, however,

energy efficiency programs and policies lead to a 35% reduction by 2035.

® Energy-related CO, emissions grow from 82 MtCO, in 2013 to 149
MtCO, in 2040—an 81% increase. The Improved Efficiency Scenario
demonstrates the greatest energy sector CO, emissions reductions, at
26% less than under the BAU in 2040. The High Renewables Scenario
offers the second-largest emissions reduction at 23% lower than under
the BAU. Energy efficiency, conservation and renewables deployment

should continue to be priorities.

1 In late 2015 the government released its long-term energy strategy, Energy 2050, which aims to transform Chile’s energy outlook. It sets a goal of 70%
renewables generation by 2050 and prioritises energy efficiency and conservation. The new strategy's targets are not included in the BAU Scenario, as it
only includes existing policies enacted prior to October 2015.

APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II 55



4, CHILE

ECONOMY AND ENERGY OVERVIEW

Chile, bordered by Peru to the north, Bolivia to the north-east and Argentina to the west, has a land area
of 756 102 square kilometres (km?). Its Pacific coastline is 6 435 km long and it has an average width of
175 km. Its geography makes energy, trade and transport interconnections among northern, central and
southern parts of the economy difficult. The north is a desert, and mining dominates energy demand in
the region; fossil fuel imports satisfy this demand despite high solar energy potential. In central and
southern Chile, hydro and biomass resources are abundant and are the main energy sources.

Administratively, Chile has 15 regions headed by regional governors (intendentes) appointed by the
president. In 2013 the population reached just over 18 million, with 87% living in urban areas (INE,
2013); 40% reside in Santiago, the capital. In 2013, gross domestic product (GDP) reached
USD 327 billion (2012 USD purchasing power parity [PPP]) (Table 4.1), an increase of 4.3% from 2012,
led by retail sales (7.2%), mining (6.1%) and business services (3.5%). Copper accounted for nearly
93% of mining exports and 41% of total exports (BCL, 2014). Foreign direct investment, closely related
to mining investment, decreased by 35% to USD 17 billion in 2013 due to lower commodity prices
(UNCTAD, 2015). Economic activity has a high correlation with final energy consumption: the mining and
industry sectors accounted for 35% of final consumption and 25% of economic activity in 2013 (BCL
2015).

Table 4.1 e Chile: Macroeconomic drivers and projections, 1990-2040

1990 2000 2010 2013 2020 2030 2040

GDP (2012 USD billion PPP) 104 190 281 327 429 559 663
Population (million) 13 15 17 18 19 20 20
GDP per capita (2012 USD PPP) 7 891 12 545 16 486 18 648 23137 28 516 32992
APEC GDP per capita (2012 USD PPP) 9 169 11482 15459 17047 21298 28216 35913
TPES (Mtoe) 14 25 31 39 49 59 65
TPES per capita (toe) 1.1 1.7 1.8 2.2 2.6 3.0 3.2
APEC TPES per capita (toe) 2.1 2.3 2.7 2.8 3.2 3.4 3.5
Total final energy demand (Mtoe) 11 20 24 27 34 41 45
e 0w e m @ h e
VUSSP T es 135 a3 a0 a0 om0 e
Energy-related CO, emissions (MtCO,) 29 49 69 82 105 131 149
APEC emissions (MtCO;) 11937 14204 18463 20436 23047 24686 25255
Electrification rate (%) 95 99 99 100 100 100 100

Notes: GDP is measured in USD billion at the 2012 currency exchange rate, using purchasing power parity (PPP) to facilitate comparison
across economies. Unless otherwise indicated, references to costs and investments throughout this chapter are expressed in
2012 USD PPP; TPES = total primary energy supply.

Sources: IEA (2015a, 2015b) and World Bank (2015) for historical data; APERC analysis for projections.

ENERGY RESOURCES

Fossil fuel reserves are limited, so nearly the entire fossil fuel supply is imported—around 61% of total
primary energy supply (TPES) in 2013. Chile imports 97% of its oil and 80% of its gas, but despite high
oil and gas import dependence, hydro and biomass contributed about 30% of TPES in 2013.

Rising demand for electricity, combined with policy incentives, makes renewables? an attractive option for
increased domestic generation, especially solar because of high solar radiation in the north. Capacity
potential is about 1 200 gigawatts (GW) in solar photovoltaic (PV) and 548 GW in concentrated solar

2 'Renewables' includes hydro, solar, wind, geothermal, biomass and marine; when 'other renewables' is used, hydro is not included.
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power (CSP), which is sufficient to cover local electricity demand. Additionally, wind potential is estimated
at 37 GW and hydro at 12 GW (MEC, 2014a).

Oil production declined from 15 million barrels (bbl) in 1981 to 1.1 million bbl in 2013 (Agostini, 2009;
ENAP, 2014), maintaining proven oil reserves of 150 million bbl in 2014. The government is now focused
on the promotion of oil and gas exploration and production through the National Petroleum Company
(ENAP) to double hydrocarbons production by 2020 (ENAP, 2015).

ENERGY POLICY CONTEXT

In September 2015 the Ministry of Energy presented the Energy Roadmap 2050 setting out energy policy
up to 2050 (MEC, 2015a). The main goals are to reduce emissions and have a competitive cost of energy
by 2050. Energy 2050, released in December 2015, describes the four pillars of Chile’s energy policy:
1) energy security and energy supply quality; 2) energy as a development engine; 3) environmental
compatibility; and 4) energy efficiency and education (MEC, 2015b). Nuclear energy is not a short-term
option under Energy 2050, but it is proposed that further research be considered in the next review of

the energy policy. Energy 2050’s main goals are summarised in Table 4.2.

Table 4.2 e Chile: Energy 2050’s main goals, 2035 and 2050

By 2035 By 2050

Interconnection with other Andean Electric
Interconnection System members (Peru, Ecuador,
Colombia and Bolivia) and with other South American
economies and countries, particularly Mercosur
economies and countries (Brazil, Paraguay, Uruguay,
Argentina, Bolivia and Venezuela).

Energy sector greenhouse gas (GHG) emissions below
limits established in the economy-wide goal.

Energy disruption reduced to less than four hours per
year.

Energy disruption reduced to less than one hour per
year.

Continuous and reliable access to energy services for all
new vulnerable dwellings.

Universal and equitable access to reliable and modern
energy services.

All projects developed have associativity mechanisms
between project developers and communities to foster
local development and better performance.

Territorial, regional and local planning and management
tools conforming to the energy policy are in place.

Be among the five OECD economies and countries having
lowest residential and industry energy costs.

Be among the three OECD economies and countries
having lowest energy costs.

At least 60% of electricity generation from renewable
sources.

At least 70% of electricity generation from renewable
sources.

30% emissions intensity reduction in comparison with
2007.

Energy consumption decoupled from GDP growth.

All large energy consumers (industry, mining and
transport) to apply energy efficiency measures.

100% of new buildings constructed under the
Organisation for Economic Co-operation and
Development (OECD) standards of efficient construction
and smart systems of energy management.

All municipalities to adopt regulations declaring
traditional biomass as solid fuel, thus included in GHG
emissions levels.

100% of the main categories of appliances in the Chilean
market are energy efficient.

All new passenger vehicles to be evaluated under energy
efficiency standards.

Energy efficiency practiced at all levels of society.

Source: MEC (2015b).
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BUSINESS-AS-USUAL SCENARIO

This section summarises the key energy demand and supply assumptions under the Business-as-Usual
(BAU) Scenario (Table 4.3). As promoting economic development with limited energy resources is a
major challenge, long-term goals are needed to increase energy efficiency, reduce energy dependency
and energy costs, and improve productivity in the whole economy (MEC, 2015a).

Table 4.3 o Chile: Key assumptions and policy drivers under the BAU Scenario

GG ERE R T A » Energy demand reduced 20% by 2020 through energy efficiency policies.

Transport * Improved public train and bus transport.
* Private car ownership close to saturation level (85%).
* Biofuels not considered under the Energy Agenda 2014.

Energy supply mix * No nuclear energy considered under the Energy Agenda 2014.
* Coal remains as one of predominant sources and solar power expands in power
generation (MEC, 2015c).

Renewables * Committed renewable energy projects and historical capacity trends considered.
*20% of electricity generation from non-conventional renewable sources by 2025.

Energy security * Expanded oil and gas exploration.
* Renewable energy development.
° Energy efficiency plan implemented.

Climate change * Work towards the United Nations Framework Convention on Climate Change (UNFCCC)
Intended Nationally Determined Contribution (INDC) target of GHG emissions intensity
30% lower than in 2007 by 2030.

Note: This table summarises the main policies assumed within the BAU Scenario; it is not intended as a comprehensive list of all energy
policies.

RECENT TRENDS AND OUTLOOK FOR ENERGY DEMAND

Final energy demand grows robustly over the Outlook period under the BAU Scenario, rising 68% from
27 million tonnes of oil equivalent (Mtoe) in 2013 to 45 Mtoe in 2040, an average annual growth rate
(AAGR) of 1.9% (Figure 4.1). In 2013, the industry sector consumed 37% (10 Mtoe) of total final energy,
domestic transport 31% (8.2 Mtoe) and buildings® 30% (7.9 Mtoe); non-energy use accounted for the
remaining 2.4% (0.63 Mtoe). By 2040, the industry share grows to 45% (20 Mtoe), whereas the
buildings share declines to 28% (13 Mtoe) and transport to 24% (11 Mtoe).

Figure 4.1 e Chile: Final energy demand by sector, 2000-40
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Sources: APERC analysis and IEA (2015a).

3 ‘Buildings’ includes residential, commercial and agriculture energy demand; however, as agriculture accounts for only 0.85% of total final energy demand in
2013, it is not addressed separately.

58 APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II



4, CHILE

Energy demand in industry grows at an AAGR of 2.6%, non-energy-use at 2.4%, buildings at 1.7% and
transport at 1.1% (Figure 4.1). Transport energy demand peaks in 2031 and decreases thereafter due to
expanded public transport infrastructure in Chile’s major cities.

The government promotes energy efficiency measures in industry and mining, transport, buildings, end-
use devices and heating through the Action Plan on Energy Efficiency 2020, which aims to reduce final
energy demand 20% by 2020 (MEC, 2012) (Table 4.4).

Table 4.4 e Chile: Action Plan on Energy Efficiency 2020

Industry and mining ° Promote energy management systems.
°* Promote energy cogeneration.
° Encourage efficient technologies.

Transport * Improve energy efficiency standards for light- and heavy-duty vehicles.
* Use new transport technologies in heavy-duty vehicles.
* Promote public transportation.

Buildings ° Encourage energy efficiency management in new buildings.
° Promote building labelling.

End-use devices * Enhance appliance labelling.
* Establish minimum efficiency standards.
* Establish minimum lighting efficiency standards.

Heating * Encourage new technologies in the use of firewood.
* Improve firewood quality.
* Introduce thermal isolation standards in new residences.

Source: MEC (2012).

Buildings energy use: Sustained demand growth to 2040

Energy consumption in the buildings sector grows 1.7% annually, from 7.9 Mtoe in 2013 to 13 Mtoe in
2040 (Figure 4.2). By 2020, six of Chile’s 15 regions are projected to have populations of over 1 million
and energy demand therefore increases primarily in residential areas. Easy access to the grid in these
growing urban residential areas increases energy demand for appliances and other residential uses
(Agostini, 2010). In 2013, renewable energy was the largest fuel source in residential and commercial
buildings at 3.8 Mtoe (48% share). However, the renewables share declines to 35% (4.4 Mtoe) by 2040
due to increased residential consumption of electricity (2.6% AAGR) and gas (3.1% AAGR) for space and
water heating and cooking, due to rising population and urbanisation.

Figure 4.2 e Chile: Buildings sector final energy demand, 2000-40
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Gas accounted for 6.6% (0.4 Mtoe) of residential demand in 2013 and is projected to reach 11% by 2040
(0.9 Mtoe) under the BAU. Further use of gas is limited by the size of the distribution network, and
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traditional firewood substitutes gas for heating and cooking in southern regions where it is cooler and
forests are abundant (Galetovic and Sanhueza, 2015). Through the Energy 2050 policy, and the draft of
the Use of Firewood for Heating Act, the government seeks to promote the responsible production and
consumption of firewood used for heating, mainly in the southern region of the economy. These policies
address building efficiency, sustainability and quality of firewood, other energy uses of the firewood,
efficient heating technologies, institutions and education (MEC, 2015d). Residential energy consumption
is lower in northern regions due to a milder climate and low population density.

Industry energy use: Demand increases with mining and manufacturing

Energy demand in industry grows the most quickly of all sectors, doubling from 10 Mtoe in 2013 to 20
Mtoe by 2040—an AAGR of 2.6% (Figure 4.3). This increased demand is prompted by the mining and
manufacturing sub-sectors, which represent around 90% of industry GDP (BCL, 2014). The largest shares
of industry energy use are in the mining and quarrying sub-sector with a 40% share in 2013 and 44% in
2040 (3% AAGR), the ‘other industry’ sub-sector at 32% in 2013 and 33% in 2040 (2.8% AAGR) and
pulp, paper and printing at 23% in 2013 and 20% in 2040 (2.1% annual average decline).

Oil consumption increases from 33% (3.3 Mtoe) of total industry consumption to 36% (7.3 Mtoe) over
the Outlook period, while electricity demand rises from 37% (3.7 Mtoe) in 2013 to 42% (8.4 Mtoe) by
2040. Already the world’s largest copper producer (USGS, 2014), Chile plans to develop another 24
mining projects in the north between 2015 and 2024 at an estimated cost of USD 31 billion (Cochilco,
2015). Energy 2050 plans for large consumers in mining, industry and transportation to implement
energy management systems and use efficient technologies. The government established the Chilean
Energy Efficiency Agency (AChEE) to promote energy efficiency measures; it is responsible for training,
energy audits, technological change, energy management system implementation and optimisation, and
tools and capacity building programs for initiatives such as the ISO 50001 Energy Management System
Standard and Optimisation Frameworks program (AChEE, 2015).

Figure 4.3 e Chile: Industry sector final energy demand, 2000-40
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Note: The three most energy-intensive sub-sectors in the APEC region are iron and steel, chemicals and petrochemicals, and non-
metallic minerals.
Sources: APERC analysis and IEA (2015a).

Transport energy use: Demand to peak and then decline

Due to Chile’s uniquely narrow and long topography (6 435 km long), road transport connecting the north
and south dominates transport sector energy consumption. Road transport consumed 91% (7.4 Mtoe) of
transport sector energy in 2013 (Figure 4.4). Under the BAU Scenario, road transport consumption peaks
in 2031 before declining to an 88% (9.7 Mtoe) share in 2040. Shipping is the next largest mode at 5.2%
(0.4 Mtoe) of transport energy in 2013, and it maintains a 5.3% share on average over the projection
period. Domestic air transport’s share increases from 3.4% in 2013 to 5.4% in 2040.
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Freight transport in the mining sector consumes the majority of oil within the transport sector, and the
copper industry alone accounted for 5% of total road transport fuel demand in 2013 (Cochilco, 2014).
Rivers are a key medium for goods exchange among all regions of Chile, and in the south they are the
fastest and most reliable means of transport. Shipping by river and sea is therefore extensive in Chile,
and about 20% of port cargo was domestic in 2012 (CMPC, 2013).

Chile is a net importer of oil, used mainly in the transport sector; demand for oil declines over the
projection period, however, due to improved public transport and energy efficiency in transportation. A
policy measure that contributes to this reduction is a green tax on new light-duty vehicles implemented in
2014, which targets pollution-intensive diesel vehicles. This tax aims to reduce emissions from vehicles
with higher-polluting technologies.

Light-duty vehicle energy consumption declines from 2035 due to slower GDP growth, increased public
transport infrastructure and increased congestion in Chile’s major cities. In 2012, the Ministry of
Transport and Telecommunications launched the Transport Master Plan 2025, a list of infrastructure
projects and transport management plans to improve mobility and promote economic growth in 31
cities. It includes the Master Plan for the City of Santiago that provides nearly USD 23 billion in
investments to 2025: 41% of the budget is allocated to the subway system, 36% to road concessions,
14% to road projects and 2% to cycle paths. These projects are expected to reduce travel times, and
therefore energy use.

Figure 4.4 e Chile: Domestic transport sector final energy demand, 2000-40
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Sources: APERC analysis and IEA (2015a).

RECENT TRENDS AND OUTLOOK FOR ENERGY SUPPLY

Primary energy supply: Increased renewables and oil exploration

TPES decreased slightly in 2008 and 2009 due to the global economic recession. The economic slowdown
of China had a great impact on the Chilean economy, as China received around one-third of Chile’s
overall exports and 35% of its copper specifically (Cochilco, 2015). The Chilean economy bounced back to
2007 levels by 2010, however, as it recovered from the recession. Fossil fuels continue to dominate the
primary energy supply, rising from 69% (27 Mtoe) in 2013 to around 74% (48 Mtoe) in 2040 (Figure 4.5).
With an AAGR of 2.3% over the projection period, the share of natural gas increases from 10%
(4.1 Mtoe) in 2013 to 11% (7.4 Mtoe) in 2040. Concurrently, the share of coal rises from 17% (7 Mtoe)
in 2013 to 26% (17 Mtoe) in 2040. This increase is the result of higher energy demand by the mining
sub-sector in northern Chile. Other renewables increase from 10 Mtoe in 2013 to 14 Mtoe in 2040, and
total renewable energy including hydro is 26% (17 Mtoe) of the 65 Mtoe TPES by 2040, down 5
percentage point from 31% (12 Mtoe) in 2013.
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Figure 4.5 e Chile: Total primary energy supply by fuel, 2000-40

80

- Projection

60
= Other renewables
® Hyd
g w0 ydro
E = Gas
m il
20 = Coal
0
2000 2010 2020 2030 2040
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The government seeks to develop clean and domestic energy sources under the Energy Roadmap 2050,
and the new role of ENAP is to increase domestic hydrocarbon resource exploration.

Energy trade: Imports to increase

Fossil fuel imports nearly double over the projection period, growing from 25 Mtoe to 48 Mtoe, accounting
for 97% of supply in 2013 and 96% in 2040 under the BAU (Figure 4.6). Coal imports nearly triple from
6 Mtoe to 17 Mtoe over the projection period to meet coal-based electricity generation demand for
industry and buildings. Coal demand peaks towards 2040, however, as mining activity slows. Meanwhile,
oil imports are tied to growth in the transport sector. The AAGR for oil imports declines after 2025, from
1.5% to 0.6% by 2040 with reduced oil consumption in the transport sector—accounting for 65% of total
energy imports in 2013 and 53% in 2040. Since 2012, 95% of gas imports come from Trinidad and
Tobago, which has abundant natural gas and provides long-term contracts. However, as dependence on
one sole source for gas threatens energy security, and as US exports are coming online and the Panama
Canal has been expanded, Chile plans to secure the majority of its gas from the United States by 2016
(CDEC, 2015).

Figure 4.6 e Chile: Net energy imports, 1990-2040
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Sources: APERC analysis and IEA (2015a).

Power sector trends: More renewable capacity

The electricity market in Chile consists of two main unconnected grids: the Northern Interconnected
System (SING) and the Central Interconnected System (SIC). The SING supplies to northern consumers,
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half of which support the mining industry and make up 7% of the population, while the SIC covers
around 90% of the total population. There are also two smaller grids, the Aysen Grid and the Magallanes
Grid, which serve their regions only. From 2014, a tax of USD 5 per tonne of carbon dioxide equivalent
(tCO,e) was applied to the power sector, which will in turn increase the relative price of electricity and
encourage energy consumers to implement energy efficiency measures and low carbon technologies
(MEC, 2015a).

Electricity generation grew at an AAGR of 5.2% from 1990 to 2013, one of the highest rates in the Asia-
Pacific Economic Cooperation (APEC) region, from 18 terawatt-hours (TWh) to 73 TWh. The AAGR drops
to 3% over the projection period under the BAU Scenario, and generation more than doubles to 161 TWh
in 2040 (Figure 4.7).

Coal-fuelled electricity capacity is 34% of total electricity capacity in Chile by 2040, compared with 23%
in 2013—a threefold increase from 4.1 GW to almost 13.2 GW. Coal is used mainly in the northern
mining and industrial region, where in 2015 50% of power capacity and 75% of generation came from
coal, and is expected to increase as mining projects expand (Cochilco, 2015).

In 2013 gas accounted for 23% of total capacity and 15% of total generation, and by 2040 it accounts for
12% of capacity and 8% of generation. Hydro capacity was 34% of total capacity in 2013 and, although it
decreases to 20% in 2040, total capacity increases by 30% from 6 GW in 2013 to 7.8 GW by 2040.
However, the variability of hydro resources poses a supply risk: in a very wet year over 81% (41 TWh) of
generation can be supplied by hydro plants, but this drops to 27% under dry conditions—a reduction of
13 TWh (Galetovich and Munoz, 2011). The 2015 El Nifio rainfall filled water reservoirs for energy
generation in the near future (CIIFEN, 2015).

Renewables capacity was 39% of total capacity in 2013 and increases to 48% in 2040. Total generation
based on renewables, which was 36% in 2013, increases to 43% by 2040. In 2013, Law No. 20.698
decreed that 20% of electricity sold by 2025 must come from other renewable sources. According to
Chile’s Centre for Innovation and Development of Renewable Energies (CIFES), installed capacity of other
renewables reached 2.1 GW at the end of 2014, 11% of the economy'’s total installed capacity, with wind
accounting for the largest share (40%), followed by biomass (22%), solar (20%) and mini-hydro (17%)
(CIFES, 2015).

Coal power generation costs are lower in the SING system than in the SIC, so interconnection of the
systems will reduce average energy prices for final users of both systems. In 2015 the North
Transmission Line project began the interconnection process, with an estimated investment cost of USD
1.1 billion (MEC, 2015e).

Figure 4.7 e Chile: Power capacity and generation by fuel, 2013-40
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ALTERNATIVE SCENARIOS

All three Alternative Scenarios—Improved Efficiency, High Renewables and Alternative Power Mix—apply
to Chile The Improved Efficiency Scenario achieves the greatest energy sector CO, emissions reductions,
a 26% reduction compared with the BAU by 2040, and the greatest reduction in final energy demand,
16% (7.2 Mtoe) less than under the BAU. The High Renewables Scenario results in the second-largest
reduction in CO, emissions at 23%, followed by the High Gas 100% Case at 16% and the High Gas 50%
Case at 8%.

IMPROVED EFFICIENCY SCENARIO TO SUPPORT APEC ENERGY INTENSITY GOAL

Final energy demand under the Improved Efficiency Scenario is 16% (7.2 Mtoe) lower than under the
BAU Scenario over the Outlook period. Under the BAU, Chile’s energy intensity falls 26%, contributing to
the APEC-wide energy intensity target of a 45% regional reduction by 2035 from the 2005 level.®
However, under the Improved Efficiency Scenario energy efficiency improvements lead to a 35%
reduction in energy intensity by 2035, offering a more significant contribution to the APEC goal.

As final energy consumption is concentrated in industry, the potential for savings is largest in this sector.
Savings of 4.1 Mtoe in 2040 are demonstrated, amounting to 57% of total potential energy savings under
this scenario (Figure 4.8). Savings in transport amount to 2.1 Mtoe, as the Improved Efficiency Scenario
assumes a higher penetration of efficient vehicles and better urban development. Vehicle stock increases
to 4.6 million units under the BAU Scenario, but to only 3.7 million under the Improved Efficiency
Scenario. These assumptions correspond with the Ministry of Transport’s plans to implement structural
reform in Santiago, increasing investment in public transportation and as a result reducing light-duty
vehicle stock to 4.2 million under the BAU by 2040, or to 3.5 million under the Improved Efficiency
Scenario. Also, the share of advanced vehicles increases from 15% under the BAU to 31% under the
Improved Efficiency Scenario by 2040, with a projected 25% (1.3 Mtoe) reduction in energy use by light-
duty vehicles compared with the BAU.

Under the Improved Efficiency Scenario, energy savings potential in the residential sector is 8.3%
(1 Mtoe) higher than under the BAU. This sector covers seven end uses: refrigerators, air conditioners,
televisions, washing machines, lighting, water heating and stand-by energy. Around 60% of total
residential energy savings under the Improved Efficiency Scenario are from refrigerators, lighting and
water heating, with an average savings of 20% each compared with under the BAU.

Figure 4.8 e Chile: Potential energy savings in the Improved Efficiency Scenario, 2015-40
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4 For more details about the Alternative Scenario assumptions, see Chapters 5 to 7 in Volume 1.
5 The APEC energy intensity goal aims to reduce energy intensity across APEC by 45% by 2035 (from 2005 levels). It is an APEC-wide, collective target, not a
target for each economy. As the denominator of energy intensity remains to be specified, this Outlook uses final energy demand for analysis.
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The government is implementing the Action Plan for Energy Efficiency 2020, and in 2014 it approved the
Minimum Energy Efficiency Standards Act that applies to refrigerators and lamps. New regulations on
vehicle labelling and water heating were also approved.

HIGH RENEWABLES SCENARIO TO SUPPORT APEC DOUBLING RENEWABLES GOAL

The High Renewables Scenario models a doubling of renewables in the power generation and transport
sectors by 2030 from the 2010 level, in line with the APEC-wide renewable energy goal.® According to the
CIFES, installed capacity from other renewables doubled from 2012 to 2014, based on solar PV growing
from 4 megawatts (MW) in 2012 to 402 MW in 2014 and wind from 205 MW to 836 MW (CIFES 2015).

Under the High Renewables Scenario, power generation from renewables increases from 36% (26 TWh)
in 2013 to 68% (92 TWh) in 2030 and 70% (112 TWh) in 2040 (Figure 4.9). In 2040, hydro accounts for
37% (59 TWh) and other renewables around 33% (53 TWh), compared with hydro at 21% (34 TWh) and
other renewables at 22% (35 TWh) under the BAU. Over the projection period, solar, wind and
geothermal overtake biomass, with solar reaching 18% of total power generation by 2040, followed by
wind (9.2%) and biomass and others (4.7%). In the BAU Scenario, solar reaches a share of only 14% of
total power generation, followed by wind (4.2%) and biomass and others (3.5%). Geothermal remains
undeveloped under the BAU Scenario, as the investment required is between USD 6 billion and USD 8
billion.

Figure 4.9 e Chile: Power sector under the High Renewables Scenario, 2013-40
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ALTERNATIVE POWER MIX SCENARIO

The Alternative Power Mix Scenario evaluates the effects of high-efficiency coal technologies (the Cleaner
Coal Case), higher shares of natural gas (the High Gas 50% and the High Gas 100% Cases) and
expanded nuclear power (the High Nuclear Case) in the power sector. Of the four cases, only the Cleaner
Coal, the High Gas 50% and the Gas 100% Cases apply to Chile, as the economy has no plans for
nuclear development.

The Cleaner Coal Case assumes that more efficient generation technologies such as advanced ultra-
supercritical (A-USC) or integrated gasification combined cycle (IGCC) replace new coal generation
capacity in the BAU Scenario from 2020, and are equipped with carbon capture and storage (CCS) from
2030. This case therefore shows a similar power generation mix as the BAU Scenario but with lower
emissions (Figure 4.10). The High Gas 50% and High Gas 100% Cases assume that new coal-based
generation capacity in the BAU Scenario is replaced either 50% or 100% by combined cycle gas turbine
(CCGT) technology from 2020.

¢ The APEC renewable energy goal aims to double renewables by 2030 from 2010 levels. It is an APEC-wide collective target, and does not specify a target for
each economy. For the High Renewables Scenario the target is based on final energy in the power and transport sectors. APERC analysis excludes traditional
use of biomass from renewable energy, but includes other types such as biomass for power generation and large-scale hydro.
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Under the Cleaner Coal Case, electricity generation-related CO, emissions fall by 33% compared with the
BAU by 2040, decreasing from 70 million tonnes of CO, (MtCO,) under the BAU to 46 MtCO,. Under the
High Gas 50% Case, the substitution of gas for coal affects the SING grid in the north. In the High Gas
50% Case, electricity generation-related CO, emissions reach 56 MtCO, in 2040, a reduction of 19% from
the BAU, whereas under High Gas 100%, CO, emissions are 36% below the BAU at 45 MtCO,. Liquefied
natural gas (LNG) generation increases fivefold under the High Gas 100% Case (70 TWh) compared with
the BAU (13 TWh) in 2040. The additional gas generation will require a substantial increase in gas
imports from LNG terminals and pipelines.

Figure 4.10 e Chile: The BAU and Alternative Power Mix Scenarios by Case, 2013 and 2040
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SCENARIO IMPLICATIONS

ENERGY INVESTMENTS

With limited indigenous fossil fuel resources, a growing population and a rapidly developing economy,
Chile’s estimated energy investments from 2015 to 2040 range from USD 74 billion under the low-cost
estimate to USD 138 billion under the high-cost estimate (Table 4.5). With electricity capacity projected
to more than double under the BAU Scenario, investments will fund the 21 GW of additional capacity as
well as transmission lines. Because of limited domestic energy resources, the government is focusing on
power mix diversification, incorporating renewable sources to improve energy security. Electricity
dominates investments, at 84% of total requirements under the low-cost estimate and 72% under the
high-cost estimate. Within electricity investments, USD 21 billion (low-cost estimate) to USD 36 billion
(high-cost estimate) is claimed by renewables. Transmission investments are needed to complete the
grid interconnection project by 2020, as well as to connect renewables to the grid.

The Improved Efficiency Scenario results in an investment of USD 54 billion, 28% below the BAU low-cost
estimate, the largest reduction being in the electricity sector with savings of USD 17 billion (Figure 4.11).
Lower energy demand reduces generation capacity requirements by 5.8 GW compared with the BAU.
Downstream investments decline by USD 1.7 billion as required LNG import terminal capacity falls from
5.3 Mt per year in BAU to 4 Mt per year.
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Table 4.5 e Chile: Projected investments in the energy sector in the BAU Scenario, 2015-40

2012 USD billion PPP Low-cost estimate High-cost estimate

Upstream Qil 1.5 2.3
Gas 0.8 2.4
Coal 0.2 0.6
Subtotal 2.5 5.2
Downstream Refinery 4.5 20
LNG import terminals 0.3 0.7
Subtotal 4.8 21
Electricity Coal 22 27
Gas 0.8 1.1
Qil 0.04 0.07
Hydro 1.4 4.4
Wind 4.2 10
Solar 15 22
Biomass and others 0.1 0.1
Transmission lines 14 26
Distribution lines 4.6 8.8
Subtotal 62 100
Energy transport Gas 4.1 11
Coal 0.3 0.7
Subtotal 4.3 12

Notes: Investment is estimated based upon a range of figures classified into the lowest and highest costs per unit of energy
facility/infrastructure capacity. This is to capture the variability in unit cost of similar energy facility/infrastructure depending on
certain conditions and peculiarities; Energy transport includes only pipeline (oil and gas), railroad (oil and coal) and coal import
facilities; ‘Biomass and others’ in electricity includes biomass, geothermal and marine.

Source: APERC analysis.

Required electricity investment under the High Renewables Scenario increases by USD 12 billion
compared with the BAU low-cost estimate due to renewable energy investments in hydro, wind and solar
and the required transmission infrastructure. However, the increased use of renewable sources reduces
additional energy transport capacity requirements, mainly for the transportation of gas, and lowers
investments by USD 0.55 billion.

Figure 4.11 e Chile: Changes in investment requirements in the different Scenarios compared
with the BAU, 2015-40
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Note: The changes in investment requirements compare the Improved Efficiency and High Renewables Scenarios with the BAU
low cost estimate only.
Source: APERC analysis.
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SUSTAINABLE ENERGY FUTURE

Enhancing energy security: More renewables to improve self-sufficiency

In the face of Chile’s high fossil fuel import dependence, the High Renewables Scenario improves primary
energy supply self-sufficiency to 40% (compared with 29% in the BAU and 35% in the Improved
Efficiency Scenario) by 2040. Table 4.6 demonstrates Chile’s high dependence on imported energy
resources across all scenarios. It is for this reason that the CIFES was established to support sustainable
development policies and projects financed by the government, and the government is also promoting
investment in renewable energy, specifically other renewables, to increase the share of renewables to
45% of new electricity generation by 2025. The High Renewables Scenario results in 61% of total
generation from renewables by 2025.

Chile has one of the more diverse fuel supply mixes in APEC. In 2013, primary energy supply diversity
under the Herfindahl-Hirschman Index (HHI) was 0.28, and it improves to 0.26 by 2040 under the BAU,
where a lower number indicates greater diversity. Though Chile has diverse fuel options, it lacks fossil
fuel self-sufficiency due to low energy reserves.

Table 4.6 e Chile: Energy security indicators under the different Scenarios, 2013 and 2040

Improved High Cleaner | High Gas | High Gas
Efficiency | Renewables Coal 50% 100%

Primary energy

supply diversity (HHI) 0.26 0.27 0.26 0.26 0.28
Primary energy supply self- 39 29 35 40 29 30 30
sufficiency (%)

Coal self-sufficiency (%) 24 1 2 3 1 2 6
Oil self-sufficiency (%) 3 3 3 3 3 3 3
Gas self-sufficiency (%) 20 17 19 18 17 9 7
ScNCIOJAEUER CNIB 028 0.39 0.31 0.30 0.40 0.27 0.31

fuel diversity (HHI)

Note: The Herfindahl-Hirschman Index (HHI) is a measure of market concentration and diversity.
Sources: APERC analysis and IEA (2015a).

Fuel diversification in electricity generation is expected to deteriorate from the low value of 0.28 in 2013
to 0.39 in 2040 under the BAU Scenario. This is due to coal replacing hydro in electricity capacity,
growing from 23% in 2013 to nearly 34% by 2040 and leading to increased dependence on coal for
electricity generation. Under the High Renewables Scenario, electricity generation diversification improves
to 0.30 by 2040 in comparison with 0.39 under the BAU, offering the best trade-off of the Alternative
Scenarios.

Climate change impacts and risks: Mitigation through energy efficiency

According to Environmental Ministry (MMA) vulnerability studies, climate change impacts include
decreased precipitation (in some regions up to 75% less); temperature increases of up to 1.5%; and a
decrease in the streamflow rate to 77% in some regions. The Biodiversity Climate Change Adaptation
Plan, approved in 2014, contains 50 measures to reduce and mitigate the effects of climate change on
biodiversity. The plan identifies hydroelectric resources, food production, urban and coastal infrastructure,
and energy supply as the four areas most vulnerable to climate change, and in which adaptation is
required.

68 APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II



4. CHILE

The government’s INDC is to reduce GHG emissions 30% by 2030, based on the 2007 level, and INDC
options are established on intensity-based targets. The Ministry of Energy is responsible for developing
energy efficiency policies and guidelines, and the Chilean Energy Efficiency Agency implements them. To
reach the INDC and ensure the sustainability of Chile’s energy future, the government is preparing the
National Action Plan for Climate Change 2016-2021 to reduce the marginal cost of energy by 30%, to
ensure 20% of the energy mix is renewable energy and to reduce energy consumption 20% by 2025.

Chile produces just 0.11% of the world’s GHG emissions (CAIT, 2012). Under the BAU, energy-related
CO, emissions are projected to nearly double from 82 MtCO, in 2013 to 149 MtCO, by 2040 (2.2% AAGR)
(Figure 4.12). In the Improved Efficiency Scenario, energy-related CO, emissions decrease to 110 MtCO,
in 2040, 26% below the BAU level. The High Renewables Scenario registers emissions of 115 MtCO,, a
savings of 23% over the BAU. Of the two scenarios, the Improved Efficiency Scenario shows the greatest
reduction in the long term. Policies to increase renewable energy also achieve a reduction in CO,
emissions, but do not curb the overall upward trend in emissions over the Outlook period. Policies
combining renewables and energy efficiency ultimately have the greatest impact.

Figure 4.12 e Chile: Final energy-related CO, emissions under the different Scenarios, 2000-40
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Note: Energy-related CO, emissions include only domestic emissions from fuel combustion. It does not include emissions from: non-
energy use of fuel; industrial processes; and land use, land-use change and forestry (LULUCF).
Sources: APERC analysis and IEA (2015b).

RECOMMENDATIONS FOR POLICY ACTION

Developing and implementing programs to support the goals set out in the Energy Roadmap 2050 will be
integral for Chile to address the challenges of improving energy efficiency, increasing renewables,
promoting regional grid integration and mitigating energy security concerns.

Implementing stringent minimum energy performance standards across a wide range of appliances and
equipment, as well as building codes, tougher vehicle fuel economy standards and programs to reduce
energy use in industry will be needed to limit growth of energy consumption. Energy efficiency programs
should include procedures for enforcement and monitoring of such standards and codes as well as regular
review and tightening of these measures. The Improved Efficiency Scenario illustrates the energy security
and CO, reduction benefits of reducing energy demand, and also lowers additional energy sector
investment needs.

While Chile is lacking in fossil energy resources, it has abundant renewable energy potential, especially in
significant solar energy resources well-suited to early deployment of concentrating solar power (CSP).
Expanding CSP in the SING could help reduce both energy imports and CO, emissions. Chile has
ambitious renewable energy goals which will require further policy support if they are to be achieved.
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Investments in the grid as well as additional flexibility options such as energy storage and demand-side
management will be needed to facilitate a higher share of variable renewables.

Greater regional integration with neighbouring economies could also help develop energy exchange,
improve energy security, reduce energy costs and facilitate the integration of higher shares of variable
renewables. This includes Chile’s potential to export solar to neighbouring economies.
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KEY FINDINGS

® China's energy demand increases along with economic growth
under the BAU Scenario, but energy consumption per capita in
2040 remains slightly below the APEC average. TPES grows 1.7%

annually, mainly in the transport and buildings sectors.

® In the Improved Efficiency Scenario, energy demand peaks in
China by 2029, six years earlier than in the BAU. Estimated energy
savings reach 322 Mtoe in 2035 and 396 Mtoe by 2040, 14% lower than
the BAU levels. Lower energy demand also helps energy-related CO,
emissions peak earlier (in 2025) leading to a 22% reduction in 2040
emissions and highlighting the importance of energy efficiency in reaching

climate objectives.

® Rapid renewables deployment in the BAU leads to a cleaner power
mix in China over the Outlook period. By 2040, China's installed
renewable energy capacity reaches 1 250 GW, triple the current levels,
making China the leader in renewables development in APEC. Under the
High Renewables Scenario, the share of renewable electricity generation
reaches 36% by 2040, compared with 27% in the BAU.

® To reach the INDC target for CO, peaking and non-fossil fuel use,
substantial efforts are needed to improve energy efficiency and
decarbonise energy supply. Priority should be placed on decarbonising
the power sector through greater deployment of cleaner fossil generation,

renewables and nuclear power.
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ECONOMY AND ENERGY OVERVIEW

With a population of 1.4 billion in 2013 and a land area of 9.6 million square kilometers (km?), China is
the largest emerging economy in the Asia-Pacific Economic Cooperation (APEC). After reforming and
opening up its economy in 1978, China entered a period of rapid growth. In the decade between 2000
and 2010, the economy expanded 2.7 times as measured by gross domestic product (GDP, calculated as
2012 USD in purchasing power parity or PPP) (Table 5.1). The GDP per capita in 2013, however, was
USD 9 722 (2012 USD PPP) compared with the average of USD 17 047 (2012 USD PPP) across APEC. In
short, China still has a long way to go to develop its economy, reduce poverty and increase living
standards.

The share of different sectors in GDP evolved somewhat differently between 2000 and 2013, with a
noticeable slowdown in primary (15% in 2000/9% in 2013), a slight dip in secondary (45%/44%) and
strong expansion in tertiary (40%/47%) (NBS, 2015). The tertiary sector gradually came to dominate
economic development, reflecting China's efforts to move away from its traditional role as the ‘world’s
workshop’ and become the ‘world’s intellectual and creative centre’. Urbanisation reached 53% in 2013
(up from only 36% in 2010), which also contributed to the increase of the tertiary sector share.

China is rich in energy resources, including fossil fuels and renewables.* The reserves per capita, however,
are relatively low, with coal at 84 tonnes (68% of world average), oil at 13 barrels (bbl) (5.6%) and gas
at 2 569 cubic meters (m>; 9.9%). An additional challenge is that China is energy resource-rich in the
western regions, while population and energy demand are concentrated in the central and eastern
regions.

China has become a global leader in renewable energy; in 2013, it installed more renewable capacity
than all of Europe and the rest of the Asia-Pacific region combined (IRENA, 2014). Energy intensity in
China has declined faster than the APEC average over the period 2000 to 2013 (Figure 5.1), while carbon
dioxide (CO,) emissions per unit of GDP in 2014 are 34% lower than 2005 levels (UNFCCC, 2015).

Table 5.1 e China: Macroeconomic drivers and projections, 1990-2040

1990 2000 2010 2013 2020 2030 2040

GDP (2012 USD billion PPP) 1449 3 867 10 441 13 246 21 786 35126 48 184
Population (million) 1155 1270 1341 1363 1 388 1393 1361
GDP per capita (2012 USD PPP) 1 255 3 045 7 786 9 722 15 698 25 215 35 406
APEC GDP per capita (2012 USD PPP) 9 169 11482 15459 17047 21298 28216 35913
TPES (Mtoe) 871 1161 2 469 3 009 3974 4 553 4 693
TPES per capita (toe) 0.8 0.9 1.8 2.2 2.9 3.3 3.4
APEC TPES per capita (toe) 2.1 2.3 2.7 2.8 3.2 3.4 3.5
Total final energy demand (Mtoe) 664 815 1526 1943 2571 2 859 2 875
Final energy intens?ty per GDP 458 211 146 147 118 81 60
(toe per 2012 USD million PPP)

APEC final energy intensity per GDP 164 135 113 110 100 80 64

(toe per 2012 USD million PPP)
Energy-related CO, emissions (MtCO,) 2184 3 259 7 095 8 977 11171 12 238 12 016
APEC emissions (MtCO,) 11937 14204 18463 20436 23047 24686 25255

Electrification rate (%) 94 98 100 100 100 100 100

Notes: GDP is measured in USD billion at the 2012 currency exchange rate, using purchasing power parity (PPP) to facilitate
comparison across economies. Unless otherwise indicated, references to costs and investments are expressed in 2012 USD PPP;
TPES = total primary energy supply.

Sources: IEA (2015a, 2015b) and World Bank (2015) for historical data; APERC analysis for projections.

1 'Renewables' includes hydro, solar, wind, geothermal, biomass and marine; when 'other renewables' is used, hydro is not included.
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Looking into the future, China has set its stragetic goal to build a moderately properous society (in an all-
around way) by 2020. Key actions towards this goal include transforming the economic development
pattern, promoting an ecological civilisation, and establishing within its policy orientation a development
path that is green, low-carbon and energy efficient, and also has recycling as a core principle. APERC
projections show that, with continuous efforts in energy structure optimisation as well as energy
efficiency improvement and conservation, by 2040 China could reduce total final energy demand by
around 60 tonnes of oil equivalent (toe) per unit of GDP (2012 USD million PPP).

ENERGY RESOURCES

China is rich in energy resources, particularly coal. According to recent estimates, China had recoverable
coal reserves of around 114 500 million tonnes (Mt), proven oil reserves of 18 billion bbl and proven
natural gas reserves of 3.5 trillion cubic meters (tcm) at the end of 2013 (Table 5.2). The lifespan of
proven reserves varies, with coal expected to last for 30 years, oil around 12 years and gas as much as
25 years. A huge potential in unconventional resources, particularly shale gas, may help to prolong
China's fossil fuel reserves.

Table 5.2 e China: Energy reserves and production, 2014

Proven Years of Percentage of | Global ranking | APEC ranking
reserves production world reserves reserves reserves
30 13 3rd 3rd

Coal (Mt)? 114 500

Oil (billion bbl)® 18 12 1.1 14th 4th
Gas (tcm)? 3.5 26 1.8 13th 4th
Uranium (kt U)® 120 83 3.2 10th Sth

Notes: ®Total proven coal/oil/gas reserves are generally taken to be those quantities that geological and engineering information
indicates with reasonable certainty can be recovered in the future from known deposits under existing economic and operating
conditions. "Uranium reserves are ‘reasonably assured resources’ (RAR); reference year for uranium reserves and production is
2013.

Sources: For oil, coal and gas, BP (2015); for uranium, NEA (2014) and WNA (2015).

China also has a large technical potential of renewable energy resources, the quality of which is on par
with the average level in APEC. Considering the wind speed, for example, average capacity factors of
wind power place China in 9th ranking in the APEC region; the overall quality is undermined by the fact
that some resources are located in remote areas.

ENERGY POLICY CONTEXT

China recognises that energy underpins modernisation. Thus, the economy is optimising its economic
development pattern, while also establishing basic state policy for resource conservation and
environmental protection. To balance economic and environmental aims, China is focusing on securing its
energy supply, transforming energy development and optimising the energy infrastructure. It also aims
to put in place the necessary management and regulatory mechanisms and systems, improve energy
efficiency, promote clean energy development and effectively mitigate greenhouse gas (GHG) emissions.

In January 2013, the government issued the 12" Five-Year Plan (2011-2015) for Energy. With domestic
energy supply expected to reach 3 660 tonnes of coal equivalent (tce) in 2015 while installed generation
capacity reaches 1 490 gigawatts (GW), the plan has three main aims in conventional energy sources: to
develop coal mines safely and efficiently, building large-scale coal bases and retiring outdated production
capacity; to accelerate development of conventional oil and gas; and to boost efforts in unconventional
oil and gas. The plan also aims to actively expand hydro power, develop nuclear power safely and
efficiently, and accelerate renewable energy development. In the area of energy transformation, the plan
calls for cleaner and more efficient coal-fired generation along with promoting coal washing and
demonstrating deep processing and upgrading. In parallel, it promotes intensive development of the oil
processing industry and orderly development of gas power. To support energy conservation, the plan will
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determine a total energy consumption target, optimise the structure and locations of industry, roll out a
comprehensive campaign to push energy conservation and efficiency, and enhance energy management
systems (SCC, 2013).

Controlling air pollution is an urgent—and Herculean—task in China. In September 2013, the State
Council issued the Action Plan on Prevention and Control of Air Pollution, which will serve as the guide for
efforts to prevent and control air pollution. The plan defines ten measures, including: developing ‘new
energy vehicles’?; upgrading the quality of fuel oil; adjusting and optimising the industrial structure;
accelerating the pace of transforming the energy structure; increasing the supply of clean energy;
controlling total coal consumption, etc. The State Council signed target responsibility letters with all
provincial governments and will conduct annual evaluations.

In November 2014, China and the United States issued a joint announcement on climate change, with
both presidents outlining their respective post-2020 actions. China intends to achieve peak CO, emissions
around 2030 (and to make best efforts to peak earlier) and to increase the share of non-fossil fuels in
primary energy consumption to around 20% by 2030. President Xi Jinping and President Barack Obama
committed to working together, and with other economies and countries, to adopt a protocol, another
legal instrument or an agreed outcome with legal force under the United Nations Framework Convention
on Climate Change (UNFCCC), applicable to all Parties, in the context of the Paris Conference in 2015
(SCC, 2014c). In June 2015, China submitted its Intended Nationally Determined Contribution (INDC) to
the UNFCCC, which demonstrates its efforts to tackle climate change. In addition to the overall CO,
emission reduction and non-fossil fuel targets, China also determined to reduce CO, emissions per unit of
GDP by 60% to 65% from 2005 levels (UNFCCC, 2015).

The 12" Five-Year Plan came to an end in 2015. In advance, the 18th Communist Party of China (CPC)
Central Committee held its fifth plenary session, and unveiled a proposal for formulating the 13* Five-
Year Plan. The proposal called for a system to control consumption of energy, water and construction
land. It promised an ‘energy revolution’ with clean, safe resources (wind, solar, biomass, water,
geothermal and nuclear) replacing fossil fuels, in parallel with exploring deposits of natural, shale and
coal-bed methane. Energy-intense industries, such as power, steel, chemicals and building materials will
be subject to CO, emission control regulations.

BUSINESS-AS-USUAL SCENARIO

This section illustrates energy demand and supply in the Business-as-Usual (BAU) Scenario and
summarises the key assumptions from existing government policies (Table 5.3). The definition of the BAU
Scenario and the modelling assumptions used in this Outlook are different from those used by the
government for its projections.

2 New energy vehicles are defined as vehicles utilising advanced technologies and new structures, which use unconventional vehicle fuel as the power source.
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Table 5.3 e China: Key assumptions and policy drivers under the BAU Scenario

Buildings and * Promote green buildings standard, to be executed first in government and large-scale

industry public buildings.

® Continually optimise industrial structures, with iron and steel, cement, and chemicals being
key sectors.

Transport * Develop further public transport such as intercity rail, high-speed railways, subways and
light railways.
® Manage the saturation level for vehicles at 320 cars per 1 000 inhabitants, reaching
saturation by 2040.
* Enforce continually stricter fuel economy standards for vehicles and phase out low-
efficiency vehicles.
® Promote the use of advanced vehicles.

LA WAL D@ © Increase shares of renewable energy and nuclear energy.
* Increase share of gas in line with the growth of domestic supply and import availability.
* Boost diversity of primary energy supply with renewables and nuclear displacing coal.

* Promote non-fossil fuel generation; scale up wind and solar power; promote hydro power;
develop nuclear in a safe manner.
* Expand gas generation and substitute some coal generation; retire existing oil generators
and avoid building new ones.
* 2020 targets for wind (200 GW) and solar (100 GW).
Energy security * Expand oil and gas imports to satisfy domestic demand.

Note: This table summarises the main policies assumed within the BAU Scenario; it is not intended as a comprehensive list of all
energy policies.

RECENT TRENDS AND OUTLOOK FOR ENERGY DEMAND

In 2013, final energy demand in China was 1 943 million tonnes of oil equivalent (Mtoe). Under the BAU
Scenario, it increases at an average annual growth rate (AAGR) of 1.5% to reach 2 875 Mtoe by 2040, in
line with relatively rapid social and economic growth. Following a curve of rapid industrialisation and
urbanisation, China’s final energy demand per capita would be 8% below the APEC average by 2040, a
dramatic change from being 24% below in 2013.

A series of actions enabled China to reduce its energy intensity by 23% over the period 2005 to 2013,
three of which warrant special mention. A mandatory standard system of quotas for energy per unit of
product was introduced in key industries (e.g. iron and steel, petrochemicals, non-ferrous metals and
building materials), which helped phase out outdated facilities. Key energy-saving projects for combined
heat and power were undertaken, along with construction of enterprise energy control centres. Energy
service companies (ESCOs) were established and encouraged to provide total energy solutions for
industrial energy users. Taking these actions forward under the BAU, energy intensity in China drops a
total of 63% from 2005 to 2035, far exceeding the APEC-wide goal of a 45% reduction by 2035
(compared with 2005 levels).

Under the BAU, by 2040 the bulk of China's energy consumption will be in industry (41%), followed by
buildings (33%), domestic transport (18%), and non-energy use (7.5%) (Figure 5.1). Energy
consumption in industry and domestic transport over the Outlook period initially shows a growth trend
but drops before 2030 as economic development continues in a context of continuous structure
optimisation and efficiency improvement. Buildings show a relatively rapid energy demand growth
throughout the Outlook period, mainly reflecting higher electricity and gas consumption as incomes rise
and urbanisation expands. Non-energy use remains roughly the same, as demand itself is relatively
stable.
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Figure 5.1 e China: Final energy demand by sector, 2000-40
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Sources: APERC analysis and IEA (2015a).

In terms of supply, APERC analysis shows that by 2040 the two dominant sources are electricity (30%)
and oil (23%); the former mainly satisfying the needs of residential and commercial consumers and the
latter supplying expanding light-duty vehicle (LDV) and heavy-duty vehicle (HDV) fleets.

Buildings energy use: Electricity demand grows, but coal use declines

In 2013, China’s per-capita energy consumption in the buildings sector was 0.41 toe, substantially lower
than the APEC average of 0.59 toe, largely because consumption at the household level is still low
compared with more developed economies. Over the Outlook period, the trend typically seen in more
developed economies is anticipated as higher income levels drive up energy consumption, for example
with fewer inhabitants living in larger homes and greater overall access to energy services.

Anticipating this trend, the government is promoting energy saving in buildings. Government buildings
and large-scale public buildings, for example, are required to execute the green buildings standard. China
plans an increase of 300 million m? in new green buildings and renovation of 300 million m? in the
northern regions by 2015 (SCC, 2014b). In addition, energy labelling schemes implemented in 2005
promote the adoption of energy efficient products, currently covering 28 product categories and more
than 570 000 product models.

Under the BAU Scenario, the buildings sector consumes an estimated 961 Mtoe annually by 2040,
representing an AAGR of 2% (Figure 5.2). Electricity consumption would more than double (from 22% in
2013) to comprise a 44% share in 2040. Average energy consumption per capita in the sector reaches
0.71 toe, almost equal to the APEC average of 0.73 toe.
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Figure 5.2 e China: Buildings sector final energy demand, 2000-40
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Industry energy use: Consumption peaks around 2030 as less energy-intensive sub-
sectors gain share

Industry is the largest energy user in China. To develop a circular economy and promote energy
efficiency in this sector, China continues to optimise the traditional industrial structure. In the iron and
steel sector, a series of policies have been implemented: total production capacity is controlled and
outdated production capacity is being phased out; products are upgraded and heat resources produced in
the industrial processes are comprehensively re-utilised. The cement sector now uses fly ash produced in
coal power plants and industry residues to replace clinker (an energy- and CO,-intensive product). In the
chemical and petrochemicals sector, a series of production processes and feedstock shave been optimised.
The combination of supportive government policies and access to capital from different sources
(government, local enterprises and foreign investors) have encouraged energy efficiency improvements
in industry (NDRC, 2014). The BAU projections show that the rate of growth of industrial energy
consumption will slow from 2013 to 2030 compared with rapid growth seen from 2000 to 2010 (Figure
5.3). In fact, consumption would peak at 1 235 Mtoe in 2025 and decline thereafter.

Figure 5.3 e China: Industry sector final energy demand, 2000-40
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Note: The three largest energy-intensive sub-sectors in the APEC region are iron and steel, chemicals and petrochemicals, and non-
metallic minerals.

Sources: APERC analysis and IEA (2015a).
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China's industry structure is expected to gradually migrate from the most energy-intensive sectors to less
intensive manufacturing. APERC forecasts that shares of the three most energy intensive sub-sectors in
the APEC region (i.e. iron and steel, chemical and petrochemicals, and non-metallic minerals) gradually
decline as the share of other, high value-added industry (such as machinery manufacturing) rises from
35% in 2013 to 45% by 2040.

Transport energy use: Vehicle ownership quadruples, but more public transport curbs
energy demand to double level

China’s transport energy consumption is projected to rise rapidly, peaking around 2034 at 550 Mtoe, and
then decline (Figure 5.4). In terms of structure, road transportation will continue to dominate energy
consumption in the transport sector, even though shares of shipping and air transportation increase.

Figure 5.4 e China: Domestic transport sector final energy demand, 2000-40
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In 2013, vehicle ownership in China was 90 vehicles per 1 000 inhabitants, about one-ninth that of the
United States (812:1 000) and about one-third the APEC average (237:1 000). Vehicle ownership (and
associated fuel consumption) expands exponentially over the Outlook period; even a projected rise to a
ratio of 313:1 000 would add about 306 million units to the vehicle stock by 2040 (with most being
added before 2030). Currently, the fuel consumption of vehicles manufactured in China is 6.9 litres per
100 km (L/100 km); implementation of tougher fuel economy policies could reduce the figure to below
5 L/100 km by 2020 (slightly above developed economies). Measures shown to be effective include: fuel
economy standards for LDVs and HDVs with new models required to meet these standard before entering
the market; demonstration of new energy or energy-saving models in public sector vehicle fleets; and
financial incentives to encourage private consumers to purchase more efficient vehicles (SCC, 2012b).

To stem energy demand in transport, the government is committed to improving public transport by
developing intercity rail and encouraging green commuting. By 2020, it aims to have public transport
account for 30% of total motorised transportation in large and medium cities (UNFCCC, 2015).
Integration is a key element, with intercity railway systems being built so that passengers can choose
trains to travel among medium or large cities and also connect to urban transport systems (e.g. subways
and light railways) within large cities. High-speed railway systems will also be expanded quickly.
Economy standards for vehicles continually become more stringent and old vehicles are retired.

In order to improve energy efficiency and reduce CO, emissions, China is fostering advanced vehicle
adoption. In June 2012, the State Council of China published a plan to develop domestic transport energy
savings and the advanced vehicle industry. China also set an ambitious target to have 5 million electric
vehicles (EVs) and fuel cell electric vehicles (FCEVs) by 2020 (SCC, 2012b). China has rolled out a set of
measures to promote the use of advanced vehicles, including tax exemptions, subsidies for car purchases
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and requirements for the government car fleet to constitute more advanced vehicles. Collectively, these
efforts could offset the increased energy consumption, especially fossil fuel use, in transport.

RECENT TRENDS AND OUTLOOK FOR ENERGY SUPPLY

Primary energy supply: Non-fossil fuel and gas gain shares, oil remains steady while
coal declines

China’s TPES under the BAU increases at an AAGR of 1.7% to reach 4 695 Mtoe by 2040 (Figure 5.5).
Coal remains the dominant source, but its share drops from 67% in 2013 to 51% by 2040, for several
reasons. Two major sub-sectors, iron and steel, and non-metallic minerals, reduce coal consumption as
industry switches to higher value-added products. In parallel, direct coal consumption in the buildings
(both residential and commercial) and agriculture sector also declines significantly as coal is replaced by
gas and electricity. APERC analysis shows the share of gas increasing rapidly, from 4.7% to 13% over the
Outlook period. As policy drives wider adoption of renewables, the shares of hydro and other renewables
in TPES also increase. Nuclear power could also grow to meet electricity demand, potentially accounting
for 5.1% of TPES by 2040.

Figure 5.5 e China: Total primary energy supply by fuel, 2000-40
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Energy production: Coal and oil production steady, non-fossil fuel and gas grow
sharply

By 2040 under the BAU, China’s primary energy production reaches over 3 613 Mtoe, reflecting an AAGR
of 1.3%. The economy is already vigorously promoting development of renewable energy production: in
2013, it ranked first in the world for wind and hydro generation capacity, for the collector area of solar
water heaters and for the number of biogas users (NDRC, 2014). By 2040, APERC projects China will add
594 Mtoe of non-fossil fuels to its TPES, accounting for 80% of non-fossil fuel growth across APEC.

China's annual coal production is around 2 050 Mtoe, while oil is much lower at 250 Mtoe. Effort is
underway to increase production of natural gas, especially unconventional gas and coal-bed methane
(CBM). At the end of 2011, the government declared shale gas an ‘independent’ mineral resource, in
order to detach it from the administrative procedures for conventional natural gas production and to
nurture participation of private capital in shale projects. The government also announced adjustments to
the Guidance Catalogue of Foreign Investment and Industry to categorise foreign participation in shale
gas projects as an ‘encouraged’ investment, which means that such projects are entitled to preferential
administrative and fiscal measures. Rights to access shale gas resources for exploration purposes have
been granted through two dedicated bidding rounds (June 2011 and October 2012). By the end of 2014,
China had issued 52 exploration rights, covering an exploration area is 164 000 km?2. At time of writing,
374 wells have completed drilling, and the 2D seismic area has reached 20 000 km?2. APERC forecasts
that natural gas production will reach 347 Mtoe by 2040, resulting in a gradual increase of the gas share
of total energy production (APERC, 2015; UGF, 2015).
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Energy trade: Fossil fuel imports account for 20% of energy supply with oil the major
requirement

China is promoting international cooperation in energy for mutual benefit. In the early 1990s, China was
a net energy exporter; by the 2000s, oil imports exceeded the volume of coal exported, making the
economy a net importer. Subsequently, China began to import all fossil fuels to meet domestic energy
demand. Under the BAU, net energy imports continue to grow over the Outlook period (Figure 5.6). By
2040, China imports 1 142 Mtoe of fossil fuels—about 24% of TPES—though the level of import
dependence varies for each fuel. Oil imports double between 2010 and 2020, which may influence global
oil markets. As for coal, which China began to import in 2010, imports peak around 2025, then decline
sharply from 2030 to 2040 due to rapid uptake of renewables and nuclear, and the switch away from
coal-fired power plants. Gas imports grow steadily as it is used to replace coal to reduce environmental
impacts and accelerate green growth.

Figure 5.6 e China: Net energy imports and exports, 1990-2040
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Energy imports come mainly from five regions: Russia and Central Asia, the Middle East, Africa, America
and Asia-Pacific. The Silk Road economic zone (Bangladesh-China-India-Myanmar) and the China-
Pakistan economic corridor are to be further developed as key importing channels (SCC, 2014a). On 21
May 2014, Chinese and Russian authorities sighed an agreement to transport natural gas from Russia to
China through the East pipeline, and also a trading contract for natural gas between China Natural
Petroleum Corporation (CNPC) and Gazprom. The contract sets 2018 as the target for putting the pipeline
into operation, with a final capacity of 28 billion cubic metres (bcm) per year (NEAC, 2014).

Power sector trends: Growth of renewables leads to near tripling of installed capacity

APERC projections show a rapid increase in electricity demand in China, with per-capita demand rising
from 3.1 megawatt-hours (MWh) in 2013 to 5.7 MWh by 2040, and total demand rising from 5
437 terawatt-hours (TWh) to 11 775 TWh. Spurred by this rapid growth, China is taking the opportunity
to optimise the power sector structure. In the fossil fuel power sub-sector, leading up to 2012 some
80 GW of small-scale thermal generators were replaced by much more efficient plants, leading to savings
of more than 60 Mt of coal every year (SCC, 2012a). Additional gas-fired capacity has been added and
the fleet will be expanded further.

In the deployment of clean power technologies, China faces economic pressures similar to those in other
economies. The levelised cost of electricity (LCOE) for wind and solar power is still higher than for coal
and gas. In addition, large-scale grid upgrading is necessary to connect renewables from remote areas.
In an effort to move towards low-carbon and sustainable development, China invested nearly
USD 90 billion in clean energy in 2014, exceeding the total amount of all other economies in Asia
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(Bloomberg, 2015). By 2014, China had put into operation 23 GW of wind and 10.6 GW of solar
photovoltaic (PV) (Ren21, 2015).

By 2040, China's total installed capacity is estimated to reach 3 145 GW, with coal generation capacity
accounting for 47% (Figure 5.7). Two main drivers will stimulate the shift away from coal-fired plants:
environmental concern and the declining cost of renewable power. Over the Outlook period, the projected
970 GW of new non-fossil fuel capacity in China will make up 74% of total new non-fossil fuel capacity
across the APEC region. Clearly, China plays an important role in determining the APEC energy mix; its
continued leadership in the development and deployment of renewables is vital. China’s electricity fuel
mix becomes more diversified under the BAU, a significant shift from 2013 when coal held a 76% share.
The anticipated newly installed clean energy capacities will contribute 2 841 TWh in 2040, potentially
replacing about 596 Mtoe of coal or 559 bcm of natural gas for power generation.

Figure 5.7 e China: Power capacity and generation by fuel, 2013-40
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Sources: APERC analysis and IEA (2015a).

ALTERNATIVE SCENARIOS

The Improved Efficiency, High Renewables and Alternative Power Mix Scenarios all apply to China,
including the four cases making up the Alternative Power Mix Scenario.?

China faces diverse choices for its energy future. The Alternative Power Mix Scenario demonstrates that
fossil fuel generation could remain a mainstay if a shift were prompted towards cleaner, high-efficiency
coal technologies and more gas generators. Alternatively, renewable generators or nuclear generators
could replace fossil fuel generators and still keep pace with growing electricity demand.

The Improved Efficiency Scenario contributes most in terms of reducing CO, emissions and increasing oil
and gas self-sufficiency while the High Renewables and Alternative Power Mix Scenarios are valuable for
primary energy diversification. Ultimately, a combination of these scenarios may be a good choice.

IMPROVED EFFICIENCY SCENARIO TO SUPPORT APEC ENERGY INTENSITY GOAL

The Improved Efficiency Scenario models the APEC energy intensity goal. Under the Improved Efficiency
Scenario® China is projected to realise energy savings of 322 Mtoe by 2035 and 396 Mtoe by 2040,
compared with the BAU (Figure 5.8). Industry has the largest potential, around 50% of total energy
savings by 2040, as all sub-sectors contribute through improvements in energy efficiency and higher

3 For more details about the Alternative Scenario assumptions, see Chapters 5 to 7 in Volume 1.
4 The APEC energy intensity goal aims to reduce energy intensity across APEC by 45% by 2035 (from 2005 levels). It is an APEC-wide, collective target, not a
target for each economy. As the denominator of energy intensity remains to be specified, this Outlook uses final energy demand for analysis.
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rates of electrification. Transport contributes 21%, mainly through more fuel-efficient HDVs and LDVs, as
well as through more efficient urban planning to reduce demand for vehicles even as the urbanisation
process advances rapidly. Buildings (residential and commercial) contribute 29% of total energy savings,
mainly through more stringent efficiency targets and appropriate labelling schemes for electric appliances.
Together, such measures also contribute to China reaching peak energy-related CO, emissions around
2025.

Figure 5.8 e China: Potential energy savings in the Improved Efficiency Scenario, 2015-40
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Source: APERC analysis.

HIGH RENEWABLES SCENARIO TO SUPPORT APEC DOUBLING RENEWABLES GOAL

In 2014, APEC Leaders agreed to an aspirational goal of ‘doubling the share of renewables in the APEC
energy mix, including in power generation, from 2010 levels by 2030".° China is an important and active
participant in achieving this APEC target. Under the High Renewables Scenario, APERC projects China will
contribute about 46% of APEC total renewable power generation by 2030. Total renewables generation
reaches 3 241 TWh in 2030 (31% of generation) and 4 183 TWh by 2040 (36% of generation) (Figure
5.9). The highest growth rates are in solar (which more than doubles from the BAU level) and wind
(increase of 45%).

Figure 5.9 e China: Power sector under the High Renewables Scenario, 2013-40
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Substantial energy research and development (R&D) underpins China’s current leadership in renewable
energy. In 2012, China’s R&D intensity (i.e. R&D funding as a proportion of GDP) was 2%, matching that

5 The APEC renewable energy goal aims to double renewables by 2030 from 2010 levels. It is an APEC-wide collective target, and does not specify a target for
each economy. For the High Renewables Scenario the target is based on final energy in the power and transport sectors. APERC analysis excludes traditional
use of biomass from renewable energy, but includes other types such as biomass for power generation and large-scale hydro.

82 APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II



5. CHINA

of the European Union (EU) for the first time. The rate increased to 2.1% in 2013 for total funding of
USD 192 billion. Notably, private enterprises account for 77% of total R&D spending. China also shows
rapid growth in patent applications across energy technologies, especially in wind and solar power,
heating, insulation, and transmission and distribution (T&D). Many challenges still need to be addressed
to achieve the ambitious goal of doubling the share of renewables, including grid extensions to support
new renewable energy capacity and the development of suitable business models to support investments.

Box 5.1 e China: Pathway to realising rapid wind and solar power developement

Several factors underpin China's impressive scaling up of wind and solar power. First, public support
and government determination to improve the quality of the environment provide stable supporting
policies. This reassures investors that the drive for renewables will be continually maintained.
Second, a portion of investment capital is directed towards research on how to manufacture state-of-
the-art technologies at competitive prices. Third, a feed-in-tariff system supports quick and large-
scale deployment. Finally, the rapid increase of electricity demand creates the need to deploy wind
and solar power generators.

Under the High Renewables Scenario, biofuels demand in China increases at an AAGR of 8.5% over the
Outlook period, to 15 Mtoe in 2040 (Figure 5.10). Government policy to increase the blend rates for
bioethanol (20%) and biodiesel (30%) could lead to a bioethanol supply potential of 4.4 Mtoe in 2030
and 5.9 Mtoe in 2040. China’s policy, it should be noted, is to prioritise food supply over bioethanol
production, in part reflecting a lack of arable land for growing bioethanol feedstock. As China has no
potential to produce biodiesel, its use will increase only modestly.

Figure 5.10 e China: Biofuels demand and supply potential in the BAU and High Renewables
Scenarios, 2010-40
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Notes: Supply potential refers to the potential biofuels production if energy feedstock availability was maximised without impacting
agricultural production; Supply potential is shown for the projection period only; HiRE = High Renewables Scenario.
Sources: APERC analysis, Ren21 (2014), IRENA (2014), FAO (2014) and IEA (2015a).

ALTERNATIVE POWER MIX SCENARIO

All four Alternative Power Mix Scenario cases—the Cleaner Coal, the High Gas 50%, the High Gas 100%
and the Nuclear Case— apply to China.

The Alternative Power Mix Scenario shows diverse possible paths for China. Under the Cleaner Coal Case,
which demonstrates increased use of technologies such as advanced ultra-supercritical (A-USC) or
integrated gasification combined cycle (IGCC) with carbon capture and storage (CCS), coal consumption
declines by 44 Mtoe, with a reduction of 0.73 gigatonnes (Gt) of CO, emissions. Considerable uncertainty
remains, however, as to the economic feasibility of CCS and issues regarding storage and use of CO,
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must be resolved; without CCS, the potential for China to reduce emissions while continuing to use coal is
very limited.

Under the High Gas 50% Case assumptions, in which gas-fired power plants replace the coal-fired
additions projected under the BAU, a 50% replacement would mean newly installed gas generators
produce 1 215 TWh more electricity than in the BAU (Figure 5.11). Under the High Gas 100% Case, all
new coal capacity is replaced with gas and produces an extra 2 425 TWh of gas generation. The coal-to-
gas replacement strategy would lead to additional gas demand of 239 bcm (High Gas 50% Case) or
477 bcm (High Gas 100% Case). Since gas generators are more efficient and have lower energy-related
CO, emissions, this scenario allows China to reduce its emission intensity to 452 grammes of CO, kWh
(gCO,/kWh) (High Gas 50% Case) or 413 gCO,/kWh (High Gas 100% Case) by 2040. A shift to higher
levels of gas in power generation has energy security impacts, however, as it is uncertain whether this
gas would be sourced from imports or domestic sources. Development of unconventional gas resources
would likely be needed to pursue a significant shift to gas-fired capacity, but this also remains uncertain.
Thus, the availability of gas—either domestic or imported—at competitive prices is an overarching
challenge for the potential of the High Gas Cases.

Figure 5.11 e China: The BAU and Alternative Power Mix Scenarios by Case, 2013 and 2040
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Under the High Nuclear Case, nuclear power produces 1 634 TWh by 2040, an increase of about 700 TWh
compared with the BAU, while the CO, emission intensity is reduced to 450 gCO,/kWh. Nuclear power
also has a lower cost, making it an attractive option for China. China has more than 30 years of
experience in nuclear research, design, manufacture, construction and operations, including mastering
the imported M310 technology and absorbing the advanced Generation III technology (AP1000, EPR and
AES-2006). It also applied learning from Japan's Fukushima nuclear accident to develop Generation III
technology for ACP1000 and ACPR1000 with completely independent intellectual property rights, merging
these two technologies into ‘HualongOne’ (Kang Xiao-wen, 2014). The High Nuclear Case helps to
diversify China's power mix at a competitive power cost while enabling the economy to become a leading
manufacturer—all of which make nuclear an attractive option. This case depends on adding many nuclear
generators, however, which implies substantial building and operational challenges. Public acceptance is
also a challenge, particularly for plants that would be located inland.
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SCENARIO IMPLICATIONS

ENERGY INVESTMENTS

APERC bases investment estimates on the lowest (low-cost estimate) and highest (high-cost estimate)
cost per unit of energy facility/infrastructure. Investments are also categorised into four sub-sectors:
upstream, downstream, power and energy transport. To meet the energy infrastructure requirements
between 2015 and 2040, China's total investment needs fall between USD 5.9 trillion (low-cost estimate)
and USD 13 trillion (high-cost estimate) (Table 5.4).

About 50% of the economy’s energy investment needs are associated with rising demand for power: the
1 804 GW additional generation capacity needed (including T&D expansion) will cost between
USD 3.4 trillion (low-cost estimate) and USD 5.3 trillion (high-cost estimate). The upstream sub-sector
accounts for 38% of total investment needed, primarily for coal mining and production. A 2.4% share for
downstream investment would be directed towards additional refinery capacity (3.5 million bbl/d) and the
construction of a liquefied natural gas (LNG) import terminal (additional capacity of 146 Mt per year).
Domestic energy transport for oil, gas and coal (from source to ports or facilities) requires a 2.6% share
of total investment.

Table 5.4 e China: Projected investments in the energy sector in the BAU Scenario, 2015-40

2012 USD billion PPP Low-cost estimate High-cost estimate

Upstream Qil 547 820
Gas 274 822
Coal 1 447 4 703
Subtotal 2 267 6 344
Downstream Refinery 104 420
LNG import terminals 26 32
Biofuels refinery 14 19
Subtotal 144 471
Electricity Nuclear 193 254
Coal 463 579
Gas 90 148
Hydro 229 370
Wind 498 662
Solar 475 617
Biomass and others 65 91
Geothermal 0.2 0.2
Transmission lines 1257 1414
Distribution lines 97 1161
Subtotal 3 367 5299
Energy transport Qil 32 48
Gas 117 326
Coal 3 11
Subtotal 152 386
Total 5930 12 499

Notes: Investment is estimated based upon range of figures classified into the lowest and highest costs per unit of energy
facility/infrastructure capacity. This is to capture the variability in unit cost of similar energy facility/infrastructure depending on
certain conditions and peculiarities; Energy transport only includes pipeline (oil and gas), railroad (oil and coal) and coal import
facilities; ‘Biomass and others’ in electricity includes biomass, geothermal and marine.

Source: APERC analysis.
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Under the Improved Efficiency Scenario, total investment needed in China is USD 5.2 trillion from 2015 to
2040, a savings of 12% from the BAU level (Figure 5.12). Power shows the largest investment savings, of
USD 615 billion or 18% below the BAU investments, as less generation capacity and fewer T&D lines
need to be added. Important savings can also be seen in downstream investments (USD 49 billion) as
less LNG import terminal capacity will be required and upstream (USD 21 billion) as less investment is
needed to expand energy production.

In the High Renewables Scenario, total investment increases by 6.8% corresponding to the entry of
substantially more renewable capacity—1 215 GW—in the generation mix (from only 851 GW in the BAU).
Such a huge increase of renewables would decrease downstream investment by 5.4% (about
USD 8 billion) reflecting lower requirements for LNG import terminal capacity. However, as grids need to
be expanded to connect the installed renewable capacity, power infrastructure needs will drive up
investment by 12% (USD 418 billion).

Figure 5.12 e China: Changes in investment requirements in the different Scenarios compared
with the BAU, 2015-40
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estimate only.
Source: APERC analysis.

SUSTAINABLE ENERGY FUTURE

To enhance energy security, China will accelerate the optimisation of its economic structure while also
improving energy efficiency—that is, the government aims to support relatively high social and economic
development while consuming less energy. The government promotes domestic energy production as a
major channel of energy supply, supports exploration and development of domestic energy, and
continually improves energy substitution and the stock system. China will also enhance international
cooperation with a view to promote energy trade and investment while further diversifying supply routes.

China holds the view that climate change is a shared global challenge and attaches great importance to
addressing it through an aggressive economy-wide strategy that promotes green and low-carbon
development as important components of the ecological civilisation process. On 30 June 2015, China
submitted its INDC to the UNFCCC, outlining its efforts to tackle climate change at home and contributing
its views on the 2015 agreement to be negotiated at the climate change talks in Paris (UNFCCC, 2015).

Enhancing energy security: Supply becomes more diverse, but oil and gas self-
sufficiency decline

Although China has significant fossil fuel resources, the government intends to ensure that renewables
and nuclear energy play more important roles in the future. An overriding challenge, however, is that the
economy’s energy resources are inadequate to meet demand. Under the BAU, net energy dependency
rises from 15% in 2013 to 23% by 2040. With oil dependency projected to increase from 57% in 2013 to
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65% by 2040, China is seeking to secure oil supply by diversifying its suppliers, drawing imports from the
Middle East, Russia and Central Asia, Africa, and Latin America. By 2040, China will rely on imports for
nearly 43% of gas supply, an increase of 28% from 2013 (at which time imports came from at least 10
economies) (IEA, 2014). China could reduce its oil and gas import dependence by intensifying exploration
and production, particularly of unconventional oil and gas.

Table 5.5 e China: Energy security indicators under the different Scenarios, 2013 and 2040

2013 2040
Improved High Cleaner ol Mgh
Efficiency | Renewables| Coal e ks
50% 100%

Primary energy 0.49  0.32 0.30 0.30 0.32 0.29 0.26 0.30
supply diversity (HHI)
Primary energy supply 85 77 88 82 78 78 74 80
self-sufficiency (%)
Coal self-sufficiency (%) 94 86 100 94 87 97 100 90
Oil self-sufficiency (%) 43 35 41 35 35 35 35 35
Gas self-sufficiency (%) 72 57 79 60 57 41 32 60
e 57 (D I 1 G ) 0.73  0.45 0.41 0.39 0.44 0.36 0.30 0.39

input fuel diversity (HHI)

Note: The Herfindahl-Hirschman Index (HHI) is a measure of market concentration and diversity.
Sources: APERC analysis and IEA (2015a).

Energy supply diversity in China is expected to improve significantly over the Outlook period. In 2013,
China's primary energy supply as measured on the Hirchmann-Herfindahl Index (HHI) was HHI 0.49 due
to high dependency on coal; by 2040, the increased shares of other fuels bring it down to HHI 0.32,
where a lower number indicates improved diversity (Table 5.5). Electricity will benefit the most from
China's efforts to diversify input fuels: in 2013, heavy reliance on coal drove the HHI for electricity as
high as HHI 0.73; by 2040, increased use of renewables, nuclear and gas bring the HHI to 0.45, on par
with most developed economies in APEC.

Of the Alternative Scenarios, the Improved Efficiency Scenario shows the best results across most
indicators. The High Renewables Scenario and High Nuclear Case deliver reduced import dependency; as
consumption of fossil fuels decreases, less gas needs to be imported from other economies. The High Gas
50% and the High Gas 100% Cases help to diversify primary energy supply and electricity generation
(both positive trends) but gas self-sufficiency declines to 41% in the High Gas 50% Case and to 32% in
the High Gas 100% Case, which may lead to energy security concerns.

Climate change impacts and risks: CO, emissions expected to peak before 2035

The actions China has set out to 2030 to contribute to global climate change goals, as set out in its INDC,
are based on its circumstances, the state of economic and social development, a sustainable
development strategy and international responsibility. They include two overarching goals: increasing the
share of non-fossil fuels in primary energy consumption to around 20% and reducing CO, intensity (CO,
per unit of GDP) by 60% to 65% from the 2005 level (UNFCCC, 2015).
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Box 5.2 e Lower carbon development in China

Although still in the early stages, China has implemented many effective means to advance towards a
low-carbon economy, such as optimising the industry structure, improving efficiency and developing
non-fossil fuel energy.

If China successfully trail-blazes a low-carbon development path, other developing economies at the
early stage of industrialisation and urbanisation could benefit from its experience. Collectively, such
efforts would contribute to the challenge of addressing climate challenge.

China's development and climate change ambitions highlight the importance of exploring a new mode of
low-carbon development, tailored to its current context. China has enacted and implemented multiple
relevant initiatives: the National Program on Climate Change; the Work Plan for Controlling Greenhouse
Gas Emissions during the 12™ Five-Year Plan period; and the National Plan on Climate Change (2014-
2020), among others. China has established CO, emission trading pilots in seven provinces and cities,
and initiated low-carbon development pilots in 42 provinces and cities. The government has also set
'Phase' objectives, such as the aims to, by 2020, achieve installed capacities of wind (200 GW) and solar
(100 GW), and expand use of geothermal to reach total capacity of 50 Mtoe (UNFCCC, 2015).

During the period 2013 to 2030 under the BAU, non-fossil fuel supply increases by 439 Mtoe. APERC
analysis shows that CO, emissions peak at 12.3 GtCO, in 2034 and by 2040 reach 12 GtCO,, with a per-
capita level of 9 tCO, (Figure 5.13).

Figure 5.13 e China: Final energy-related CO, emissions per capita in APEC and China under the
BAU, 2013-40
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Note: Energy-related CO, emissions include only domestic emissions from fuel combustion. It does not include emissions from: non-
energy use of fuel; industrial processes; and land use, land-use change and forestry (LULUCF).
Sources: APERC analysis and IEA (2015b).

Emissions decline under the Improved Efficiency (savings of 2.7 GtCO,) and High Renewables (savings of
0.88 GtCO,) Scenarios, compared with the BAU (Figure 5.14). This difference highlights the importance
and urgency of implementing energy efficiency improvements and shows that all sectors can contribute.
In terms of crossover between energy sub-sectors and economic sectors, emissions reduction in industry
reflects lower use of coal and less demand for electricity, transport emissions reduction comes from lower
use of oil, and buildings emissions reduction reflects lower electricity demand.
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Figure 5.14 e China: Final energy-related CO, emissions under the different Scenarios, 2000-40
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Note: Energy-related CO2 emissions include only domestic emissions from fuel combustion. It does not include emissions from: non-
energy use of fuel; industrial processes; and LULUCF.
Sources: APERC analysis and IEA (2015b).

RECOMMENDATIONS FOR POLICY ACTION

Opportunity exists for China to strengthen efforts on energy efficiency improvements in both the short
and long term. In industry, smaller enterprises and less energy-intensive industry could be encouraged to
install efficient motor and steam systems, as well as deploy energy management systems. Meanwhile,
regular energy audits could play a significant role in reducing energy consumption in these rapidly
growing industries. In the buildings sector, tougher enforcement of building codes could help to improve
the energy efficiency of buildings, while more stringent standards for appliances and equipment would
help to reduce the need to add new electricity generation capacity.

Over the next decades, China is expected to add more than 320 million vehicles, putting pressure on both
energy demand and the environment. To reduce oil demand and thus lower import dependency,
additional policies and measures are needed to promote public transportation and cleaner cars. High-
speed rail, subway and light rail could substitute for LDVs to satisfy demand for commuting and travel.
Measures to increase sales of advanced vehicles (e.g. EVs and FCEVs) would also contribute to reducing
the environmental impact of energy use in transport.

Greater efforts on renewable energy R&D are needed to further optimise China's energy structure and to
take advantage of the energy security and environmental benefits of wider adoption of renewable energy
sources. Priority should be given to reducing the manufacturing cost of wind and solar power equipment
in order to accelerate deployment of renewables and increase total installation while also helping to
address climate change issues worldwide. A quicker reduction in renewable technology costs could help
the economy to make an earlier switch away from coal.

Support for CCS development and deployment is also needed as China continues to add coal-fired
capacity throughout the Outlook period. Policies aimed at improving the efficiency and/or limiting the
emissions or energy intensity of new coal-fired plants are particularly important over the next decade.
Additionally, they need to ensure that added capacity can be retrofitted with CCS as it becomes more
widely deployed.
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KEY FINDINGS

® Hong Kong is a highly advanced economy with the lowest energy
intensity of the APEC economies—only 18% of the projected 2020
average for the APEC region. In its Energy Saving Plan 2015-2025+, it
has committed to reduce energy intensity by 40% of the 2005 level by
2025. Actions to meet this target include comprehensive energy efficiency

improvements.

® Hong Kong’s primary energy supply diversity improves from HHI
0.44 in 2013 to HHI 0.41 in 2040 under the BAU. However, the
Improved Efficiency Scenario has the potential to improve TPES diversity
to HHI 0.35. As the economy is energy import-dependent, diversifying the

fuel mix and energy sources is a priority.

® The public transport system is mature; car ownership is relatively
low but close to saturation level. With efficiency improvements over
the projection period, fuel consumption in domestic transport decreases
20%.

® As a world-class financial, trading and business centre,
international transport energy demand in Hong Kong is high. It is
projected to reach 15 Mtoe in 2040, more than 8 times larger than

projected domestic transport energy demand.
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ECONOMY AND ENERGY OVERVIEW

Hong Kong is a special administrative region of the People’s Republic of China. It is a global financial,
trading and business centre of 7.1 million people located at the south-eastern tip of China. In 2013, the
per capita gross domestic product (GDP) of Hong Kong was USD 52 340 (2012 USD purchasing power
parity [PPP]), among the highest in the Asia-Pacific Economic Cooperation (APEC) (Table 6.1).

Table 6.1 ¢ Hong Kong: Macroeconomic drivers and projections, 1990-2040

1990 2000 2010 2013 2020 2030 2040

GDP (2012 USD billion PPP) 159 235 342 375 441 551 672
Population (million) 5.8 6.8 7.0 7.2 7.8 8.5 8.9
GDP per capita (2012 USD PPP) 27 417 34 575 48 897 52 340 56 522 64 947 75 062
APEC GDP per capita (2012 USD PPP) 9 169 11482 15459 17047 21298 28216 35913
TPES (Mtoe) 9 14 14 14 14 15 14
TPES per capita (toe) 1.5 2.0 2.0 1.9 1.8 1.7 1.5
APEC TPES per capita (toe) 2.1 2.3 2.7 2.8 3.2 3.4 3.5
Total final energy demand (Mtoe) 5.2 9.4 7.3 7.3 8.0 8.3 8.6

Final energy intensity per GDP

(toe per 2012 USD million PPP) 33 40 21 L 18 15 13
APEC final energy intensity per GDP

(toe per 2012 USD million PPP) 164 135 113 110 100 80 64
Energy-related CO, emissions (MtCO,) 33 40 42 46 42 42 35
APEC emissions (MtCO,) 11937 14204 18463 20436 23047 24686 25255
Electrification rate (%) 100 100 100 100 100 100 100

Notes: GDP is measured in USD billion at the 2012 currency exchange rate, using purchasing power parity (PPP) to facilitate comparison
across economies. Unless otherwise indicated, references to costs and investments are expressed in 2012 USD PPP; TPES = total
primary energy supply.

Sources: IEA (2015a, 2015b) and World Bank (2015) for historical data; APERC analysis for projections.

The services sector drives overall economic growth, accounting for about 90% of GDP in 2013 (World
Bank, 2015). The four main economic sectors are trading and logistics (24% of GDP in terms of value-
added GDP in 2013), tourism (5%), financial services (17%), and professional services and other
producer services (12%). The six industries which have development potential are cultural and creative
services, medical services, education services, innovation and technology, testing and certification
services, and environmental industries, which together accounted for 9.1% of GDP in terms of value-
added GDP in 2013 (HKTDC, 2015). Hong Kong has a high population density, and much of the high-GDP
economy is controlled from high-rise buildings (EB, 2015).

Hong Kong is restructuring to stay competitive and to attain sustainable growth while meeting the
challenges of globalisation. The Closer Economic Partnership Arrangement (CEPA) of Hong Kong and
China is a manifestation of the ‘One Country, Two Systems’ policy. As part of the liberalisation of trade
goods under CEPA, Hong Kong manufacturers have tariff-free access to Chinese markets. China’s support
under CEPA and other policies such as the Framework Agreement on Hong Kong/Guangdong Co-
operation reinforces Hong Kong’s status as an international centre for financial services, trade and
shipping, as well as advanced global manufacturing and modern services® (Policy Address 2013, 2014).

Lacking fossil fuel resources, almost all energy is imported. A substantial share of imported energy is
converted into secondary energy such as electricity and gas for final consumption. Owing to its highly

1 Modern services is a new concept from China, where service providers are operating in the context of more sophisticated technologies and/or newer
forms of management.
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developed and service-dominated economy, energy intensity is the lowest in APEC. In 2013, final energy
intensity per unit of GDP was 82% below the APEC average, and it is projected to be 80% below the
APEC average by 2040. In addition, total primary energy supply (TPES) per capita is projected to decline
in comparison with the APEC upward trend over the projection period. TPES per capita decreases to
1.5 toe by 2040, 57% below the APEC average. Along with energy structure optimisation, more gas and
renewables? are energy is substituted for coal, while more electricity is imported from mainland China.
The economy’s total energy-related carbon dioxide (CO,) emissions are projected to decrease to
35 million tonnes of CO, (MtCO,) by 2040 from 46 MtCO, in 2013.

ENERGY POLICY CONTEXT

Key energy policy objectives are to safely and efficiently meet energy needs at a reasonable price while
minimising the environmental impact of electricity generation; to this end, the government promotes
energy efficiency and conservation.

The primary target is to reduce energy intensity by 40% below the 2005 level by 2025 (EB, 2015). Being
‘energy aware’ and ‘energy wise’ is promoted by the government through the key measures of reducing
energy-related CO, emissions and improving energy efficiency by using cleaner fuels such as gas and
renewable energy; promoting energy efficiency in buildings and production; promoting renewable energy,
including waste-to-energy; seeking input from the community to improve energy efficiency; and
enhancing electricity demand management.

Detailed actions include optimising the fuel mix by purchasing more power or using more natural gas for
local generation. In 2014 the government conducted a public consultation on the future fuel mix for
electricity generation. Proposed changes include reducing the amount of coal-fired power and keeping
coal-fired plants at very low utilisation levels or as reserve generation, such that coal would account for
no more than 10% of the fuel mix; maximising the use of natural gas secured from the mainland, to
increase its share in the fuel mix to 40%; and substantially increasing the share of non-fossil, low-
emitting fuels, such that renewable energy would constitute 3% to 4% of the fuel mix, and the remaining
50% would be met by imported nuclear power (EPD, 2014).

The government plans to continue investing in mass transportation systems and improving public
transport, as well as encouraging electric vehicle (EV) manufacturers and agents around the world to
introduce a greater variety of EVs (EPD, 2010, 2014). Hong Kong also aims to maximise energy efficiency
in the buildings sector through periodically reviewing, expanding and/or tightening relevant energy-
related standards such as the Buildings Energy Efficiency Ordinance (BEEQO), the Building (Energy
Efficiency) Regulation (B[EE]R), and the Energy Efficiency (Labelling of Products) Ordinance (EELPO). The
government itself intends to lead the energy savings and green buildings transformation in government
buildings, public housing and public sector development (EB, 2015).

BUSINESS-AS-USUAL SCENARIO

This section illustrates energy demand and supply in the Business-as-Usual (BAU) Scenario and
summarises the key assumptions from existing government policies (Table 6.2). The definition of the BAU
Scenario and the modelling assumptions used in this Outlook are different from those used by the
government for its projections, targets and analysis.

2 ‘Renewables’ includes hydro, solar, wind, geothermal, biomass and marine; when ‘other renewables’ is used, hydro is not included.
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Table 6.2 ¢ Hong Kong: Key assumptions and policy drivers under the BAU Scenario

Buildings and ° Continued implementation of energy intensity reduction target (40% below 2005 level by
industry 2025).

* Efficiency in public and private buildings improves as higher standards are imposed.

* Code of practice on energy labelling of products tightens with technology development.

Domestic * Public transport further developed.
transport * Private car ownership close to saturation.

=LA LD  Coal consumption continues to drop, substituted by gas.
® Gas and electricity imports grow to satisfy needs.

Power mix * No new coal or nuclear power plants built.
* Gas generators replace some retiring coal generators.

Renewables ® Continued promotion of wind as a major renewable source.

Energy security * Continued imports of electricity and gas directly from the mainland.

Climate change * Continued efforts to reduce CO, emissions intensity by 50% to 60% by 2020 (from 2005
level).

Note: This table summarises the main policies assumed within the BAU Scenario; it is not intended as a comprehensive list of all energy
policies.

RECENT TRENDS AND OUTLOOK FOR ENERGY DEMAND

Total final energy demand is projected to increase to 8.6 million tonnes of oil equivalent (mtoe) in 2040,
from 7.3 Mtoe in 2013. The majority of the increase comes from the buildings sector, owing to population
growth and further development in services. Final consumption in industry rises only slightly, pushed by
higher value-added sectors. Consumption in domestic transport increases initially with increased car
ownership, but then decreases gradually thanks to efficiency improvements.

The buildings sector maintains the dominant share of final energy demand at 66% in 2040, followed by
domestic transport at 21% and industry at 12% (Figure 6.1). Electricity remains the primary energy
source for final energy demand, increasing from 50% in 2013 to 59% in 2040, followed by oil at 30%
(down from 40% in 2013).

Figure 6.1 ¢ Hong Kong: Final energy demand by sector, 2000-40
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Buildings energy use: Electricity-dominated buildings improve energy efficiency

The buildings sector consumes the most energy, accounting for 93% of the economy’s total electricity
demand over the projection period. The rise in energy demand is driven by population and income growth,
but the government has committed to enhancing the regulatory system for building energy efficiency,
promoting water-cooled air conditioning systems which are more efficient than air-cooled ones, and

94 APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II



6. HONG KONG, CHINA

implementing a voluntary energy efficiency labelling scheme (VEELS) as well as a mandatory energy
efficiency labelling scheme (MEELS) (Box 6.1). Considering both energy demand increase and efficiency
improvements, consumption in this sector is projected to reach 5.7 Mtoe in 2040, from 4.1 Mtoe in 2013

(Figure 6.2).

Figure 6.2 ¢ Hong Kong: Buildings sector final energy demand, 2000-40

6
—> Projection

4
2 I

pp—
2000 2013 2020 2030 2040
Sources: APERC analysis and IEA (2015a).

B Electricity

Renewables

Mtoe

Gas

mOil

Hong Kong is a high-GDP economy dominated by sophisticated services, with a large population living

and working mostly in high-rise buildings in a subtropical climate. All these factors contribute

to

significant electricity usage, which continues to dominate the energy mix over the projection period,
accounting for 83% of the buildings sector’s total energy consumption by 2040 (82% in 2013). While
natural gas and liquefied petroleum gas (LPG) are the main gaseous fuels used, another product available
is ‘town gas’, which is manufactured locally using naphtha and natural gas as feedstock (Towngas, 2014).
The Asia Pacific Energy Research Centre (APERC) forecasts a slight increase in gas consumption, to 15%

(0.84 Mtoe) of buildings final energy demand by 2040, compared with 14% (0.58 Mtoe) in 2013.

Box 6.1 ¢ Hong Kong: Energy efficiency labelling scheme

has introduced mandatory schemes and has tightened energy efficiency grading standards.

appliances. VEELS was extended to gasoline passenger cars in 2002 (EMSD, 2012a).

(EMSD, 2012b).

million kilowatt-hours (kWh) and reduce CO, emissions by 210 kilotonnes (EMSD, 2012b; EB, 2015).

Hong Kong has developed an improved energy efficiency labelling scheme to cover more appliances,

In 1995, Hong Kong launched VEELS. It now covers 22 types of household and office appliances,
among which are 13 types of electrical appliances, 7 types of office equipment and 2 types of gas

To further assist the public in choosing energy-efficient appliances and to raise energy savings
awareness, the government introduced MEELS through the EELPO. MEELS Phase I was launched in
2009, covering room air conditioners, refrigerating appliances and compact fluorescent lamps. In
2011, washing machines and dehumidifiers were covered in MEELS Phase II. These five types of
appliances account for 60% of annual electricity consumption in the residential sub-sector. Under
MEELS, energy efficiency performance labels are required on all products for sale in Hong Kong

In light of technological developments, the grading standards of room air conditioners, refrigerating
appliances and washing machines (together accounting for half of domestic electricity consumption)
have been raised through revision of the Code of Practice on Energy Labelling of Products (November
2015). It is estimated that raising the grading standards will effect annual energy savings of 300
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Industry energy use: High value-added industry contributes to relatively low energy
consumption

Through economic restructuring, Hong Kong has moved the majority of its labour-intensive operations to
China and other low-cost economies in the region. It maintains and develops some higher value-added
and knowledge-intensive activities such as research and development (R&D), prototype production,
innovative design, technological applications, supply chain management, logistics, and marketing—mainly
in the areas of automotive parts and accessory systems, communications technologies, and bioenergy.
Hong Kong has assumed the role of strategic control centre to oversee its relocated manufacturing
operations (TID, 2015).

Industry final energy demand is projected to increase to 1 Mtoe by 2040, from 0.87 Mtoe in 2013 (Figure
6.3). Oil remains the main resource, accounting for more than 63% (0.64 Mtoe) of total industry energy
demand in 2040, compared with 65% (0.57 Mtoe) in 2013, owing to more value-added activities.

Figure 6.3 ¢ Hong Kong: Industry sector final energy demand, 2000-40
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Transport energy use: Mature public transport keeps car ownership low

Hong Kong is expanding public transport and promoting low-emitting vehicles to reduce energy
consumption and CO, emissions in domestic transport. The already extensive and energy-efficient public
transport system, composed of the Mass Transit Railway (MTR), buses and ferries, is used by 90% of
commuters. The MTR currently consumes 1 425 gigawatt-hours (GWh) (118 kilotonnes of oil equivalent
[Ktoe]) of energy per year. Four new railway projects are under construction to increase the existing
network by 25% (EB, 2015), and pedestrian areas and covered walkways are being improved to better
integrate passive and active transport.

Car ownership is close to saturation level at present, though it is relatively low compared with other
economies because of the highly developed public transportation system and the relatively high cost of
private cars. Low-emitting vehicles and EVs are actively promoted; for example, the First Registration
Tax of EVs is waived until the end of March 2017. Furthermore, enterprises which procure EVs are
allowed a 100% profits tax deduction for the capital expenditure on EVs in the first year of ownership. At
the end of January 2016, there were 4 464 EVs for road use in Hong Kong (EPD, 2016). The Pilot Green
Transport Fund encourages the transport sector to test green and innovative means of transport and
technology. Hong Kong plans to have 30% of private cars and 15% of buses and commercial vehicles
hybrid or electric (or of similar performance) by 2020.

Although population increases over the projection period, fuel consumption in domestic transport
decreases to 1.8 Mtoe by 2040 from 2.2 Mtoe in 2013 thanks to fuel efficiency policies and improved
public transport systems (Figure 6.4).
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Figure 6.4 ¢ Hong Kong: Domestic transport sector final energy demand, 2000-40
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Being a global business centre and regional aviation hub, Hong Kong’s international air and marine
transport energy demand exceeds total final energy demand. In 2013, fuel consumed in international
transport was 6.6 times that of domestic transport. Globalisation of economic activities is expected to
continue raising air and shipping freight volumes; international aviation energy demand therefore reaches
6 Mtoe in 2040 (from 5.9 Mtoe in 2013), and marine demand rises to 8.9 Mtoe (from 8.6 Mtoe).

RECENT TRENDS AND OUTLOOK FOR ENERGY SUPPLY

Primary energy supply: Stable supply with gas share increasing and coal diminishing

Although Hong Kong’s TPES varied slightly according to the economic situation in the 2005-15 period, it
is projected to remain stable at 14 Mtoe over the projection period as energy efficiency improvements
offset population increase (Figure 6.5).

Figure 6.5 ¢ Hong Kong: Total primary energy supply by fuel, 2000-40
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While TPES remains stable, the fuel mix shifts from coal to gas. The share of gas is projected to increase
to 50% by 2040 in comparison with 16% in 2013. Meanwhile, the share of coal decreases from 57% in
2013 to 18% by 2040. The share of oil decreases as a result of efficiency improvements in heavy- and
light-duty vehicle fleets, through investment in equipment and maintenance; better demand
management by bus companies and the government; and promotion of good driving practices (ED, 2015).
Under the BAU Scenario, the TPES fuel mix is more balanced by 2040, however the increased share of
gas by 2040, may pose energy security concerns by exposing the economy to fluctuations in gas prices
and disruptions in gas supply.

Energy trade: Almost all energy demand relying on imports

Hong Kong imports almost all of its primary energy from other economies—oil mainly from Singapore,
and gas from China. It also imports electricity through a joint venture and supply contract with
Guangdong Daya Bay Nuclear Power Station (CSD, 2014).

Energy imports are projected to increase slowly to 29 Mtoe by 2040 (Figure 6.6). Oil imports fluctuate
slightly due to domestic transport consumption declining while that of international aviation and marine
increases. The trend of coal import growth between 2000 and 2010 (to serve increased coal demand in
electricity and industry) is expected to change over the projection period as gas and imported electricity
gradually replace coal in the power sector. In contrast, gas imports increase to 6.8 Mtoe (triple the
2.2 Mtoe in 2013), mainly due to increased gas demand in the power sector. Hong Kong plans to import
more electricity from China, possibly by increasing its share of contracted nuclear power or through direct
electricity imports from the China Southern Power Grid.

Figure 6.6 ¢ Hong Kong: Net energy imports, 1990-2040
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Power sector trends: Gas generation gradually dominates

Total installed and contracted electricity generating capacity in Hong Kong was 13 gigawatts (GW) in
2013. Almost all locally generated power is thermal power; CLP Power Hong Kong Limited (CLP Power)
and the Hong Kong Electric Company Limited (HKE) are the main suppliers. CLP Power supplies electricity
from two large plants fuelled by coal and gas and a smaller diesel-gas plant, while HKE supplies power
from its large coal-fired plant. In addition, there are some small wind turbines and solar photovoltaic (PV)
systems (PAH, 2013a, 2013b). In 2012, CLP Power contracted to purchase 70% of the electricity
generated by pressurised water reactors at the Guangdong Daya Bay Nuclear Power Station in China,
which can satisfy around 23% of the total electricity demand in Hong Kong (CLP, 2012a). Electricity
imports reduce fossil fuel consumption in Hong Kong and help reduce power sector related CO, emissions
by 0.13 MtCO, annually.
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Domestic electricity supply expands to meet demand over the projection period. Total installed capacity is
projected to reach 17 GW by 2040, a 25% increase in comparison with 2013, and generation output
reaches 66 terawatt-hours (TWh) a 36% increase from 2013 (48 TWh) (Figure 6.7). The electricity supply
structure changes over the projection period, with gas replacing coal as the major source of electricity.
The share of coal was 79% (11 GW) of capacity in 2013 and is projected to fall to 33% (5.5 GW) by 2040;
conversely, the share of gas rises from 19% (2.5 GW) to 64% (11 GW). The majority of coal-fired power
plants in Hong Kong came into operation in the 1980s, and they will gradually be retired in conformation
with a 1997 law prohibiting new coal-fired power plants for environmental reasons.

Figure 6.7 ¢ Hong Kong: Power capacity and generation by fuel, 2013-40
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Despite geographical and natural constraints in developing wind energy, Hong Kong has started to
explore offshore wind farm projects. For example, HKE plans to install up to 33 offshore wind turbines
with a total generation capacity of 100 megawatts (MW), expecting to produce 175 GWh of electricity
yearly. Biodiesel is being considered for use in a ‘distributed’ renewable energy source for tri-generation
in buildings such as the Zero Carbon Building (EB, 2015). The installed capacity of renewable power
continues to increase from 16 MW in 2013 to 166 MW in 2040, although its share in the local electricity
supply reaches only 0.6% by 2040. An optimised electricity structure could reduce both carbon intensity
and air pollutant emissions.

ALTERNATIVE SCENARIOS

Of the three alternative scenarios developed, only the Improved Efficiency and the High Renewables
Scenarios apply to Hong Kong.? The Improved Efficiency Scenario results in a larger reduction in energy-
related CO, emissions than the High Renewables Scenario, as land constraints limit the potential for
renewable resource development. The Alternative Power Mix Scenario is not applicable to Hong Kong, as
there are no plans to develop nuclear power domestically, but to import nuclear-based electricity from
China. Additionally, since Hong Kong has already decided to replace retiring coal generators with gas
generators, neither the assumptions of the Cleaner Coal Case nor those of the High Gas 50% and the
High Gas 100% Cases apply.

IMPROVED EFFICIENCY SCENARIO TO SUPPORT APEC ENERGY INTENSITY GOAL

The Improved Efficiency Scenario explores energy efficiency opportunities to help meet the APEC energy
intensity target.* Under the BAU Scenario, Hong Kong energy intensity declines 45% from 2005 to 2035.°

3 For more details about the Alternative Scenario assumptions, see Chapters 5 to 7 in Volume 1.

4 The APEC energy intensity goal aims to reduce energy intensity across APEC by 45% by 2035 (from 2005 levels). It is an APEC-wide, collective target,
not a target for each economy. As the denominator of energy intensity remains to be specified, this Outlook uses final energy demand for analysis.

5 According to government calculations in Hong Kong Energy End-use Data 2015, Hong Kong energy intensity dropped 23.9% in 2013 from the 2005 level
(EMSD, 2015).
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Energy intensity in 2035 is projected to be a mere 14 toe per USD million, one-fifth of the APEC average
at 71 toe per USD million. In 2015, Hong Kong set a new target to reduce energy intensity by 40% of the
2005 level by 2025 through a series of actions, especially in buildings and transport, to save energy.

Further efficiency improvements impact energy demand in the buildings sector as well as transport, but
the industry sector is excluded. The Improved Efficiency Scenario shows that 1.1 Mtoe of energy could be
saved by 2040 compared with the BAU Scenario, or 13% of total final energy demand (Figure 6.8).
Savings in the residential and commercial sub-sectors account for 73%, as electrical appliances and
buildings become more energy efficient. Additional energy savings in transport are achieved with tighter
fuel economy standards for heavy- and light-duty vehicles.

Figure 6.8 ¢ Hong Kong: Potential energy savings in the Improved Efficiency Scenario, 2015-40
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negliglible under the Improved Efficiency Scenario.

Source: APERC analysis.

HIGH RENEWABLES SCENARIO TO SUPPORT APEC DOUBLING RENEWABLES GOAL

The High Renewables Scenario models the APEC doubling renewables goal within the power and transport
sectors.® By 2030, 676 MW of renewable capacity is developed under the High Renewables Scenario,
about five times more than under the BAU Scenario (Figure 6.9). Solar power reaches 501 MW in 2030
and 2040, while wind power increases to 151 MW in 2030 and 191 MW in 2040.

The primary challenge to this scenario, however, is Hong Kong’s limited land area, which precludes a
large-scale, industry-wide solar PV installation. Many buildings are relatively high, so rooftop PV systems
are less efficient and economical due to overshadowing and high installation costs. There is wind power
potential, but the levelised cost of electricity (LCOE) is high.

Hong Kong promotes biodiesel as a motor vehicle fuel. It adopted a duty-free policy for biodiesel in 2007
to facilitate its use in motor vehicles, then in 2010 introduced a regulatory control for motor vehicle
biodiesel to help ensure its quality and to build driver confidence in the fuel.

6 The APEC renewable energy goal aims to double renewables by 2030 from 2010 levels. It is an APEC-wide collective target, and does not specify a target
for each economy. For the High Renewables Scenario the target is based on final energy in the power and transport sectors. APERC analysis excludes
traditional use of biomass from renewable energy, but includes other types such as biomass for power generation and large-scale hydro.
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Figure 6.9 ¢ Hong Kong: Power sector under the High Renewables Scenario, 2013-40

Fossil fuels and
net imports m Coal

(32]
~—
o
N Renewables ‘ = Ol
= Gas

Fossil fuels and
§ net imports = Net imports
N Renewables ‘ Wind

Solar

Fossil fuels and
g net imports ® Biomass and others
o
N Renewables ‘

0 20 40 60 80
TWh

Sources: APERC analysis and IEA (2015a).

By 2020, 4.6 ktoe of biofuel will be needed under the BAU Scenario, a 7% increase from 2013, and
biofuel demand will remain stable if no further policies are implemented. Hong Kong will import almost all
biofuel from other economies since no arable land is available to grow the feedstock. With no domestic
biofuel production, only a small increase is assumed under the High Renewables Scenario.

SCENARIO IMPLICATIONS

ENERGY INVESTMENTS

Total energy sector investments from 2015-40 range between USD 7.3 billion in the low-cost estimate
and USD 14 billion in the high-cost estimate (Table 6.3). With no fossil fuel resources or downstream
facilities, most of the investment is in power. More than 70% of the low-cost estimate and over 60% of
the high-cost estimate is required for an additional 3.3 GW of power generation capacity, mainly gas but
also some renewables, as well as expansion and refurbishment of transmission and distribution networks.
The remaining investment is designated for support facilities for fossil fuel requirements and pipelines to
ensure delivery of these resources.

Table 6.3 ¢ Hong Kong: Projected investments in the energy sector in the BAU Scenario,

2015-40

2012 USD billion PPP Low-cost estimate High-cost estimate

Electricity Gas 3.2 5.3
Wind 0.3 0.7
Transmission lines 2.0 2.3
Distribution lines 0.1 0.9
Subtotal 5.6 9.2

Energy transport Oil 0.02 0.1
Gas 1.7 4.6
Subtotal 1.7 4.7
Total 7.3 14

Notes: Investment is estimated based upon a range of figures classified into the lowest and highest costs per unit of energy
facility/infrastructure capacity. This is to capture the variability in unit cost of similar energy facility/infrastructure depending on
certain conditions and peculiarities; Energy transport includes only pipeline (oil and gas), railroad (oil and coal) and coal import
facilities.

Source: APERC analysis.
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The Improved Efficiency Scenario shows a potential energy investment savings of 39% in 2040 compared
with the BAU Scenario (Figure 6.10). Of this savings, 28% is in the power sector due to 3.7 GW of
deferred generation capacity, and lower energy demand likewise results in investment savings in energy
transport. Under the High Renewables Scenario, investment savings of 8.8% from the BAU Scenario is
achievable, primarily due to lower investment needs for energy transport which more than offset high
investments in renewable generation capacity.

Figure 6.10 ¢ Hong Kong: Changes in investment requirements in the different Scenarios
compared with the BAU, 2015-40
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SUSTAINABLE ENERGY FUTURE

The government of Hong Kong works with local electricity, oil and gas companies to maintain strategic
reserves of coal, diesel, gas and naphtha. It also monitors the performance of power companies and
other energy providers through the Scheme of Control Agreement.

The government is committed to working closely with the international community to combat climate
change, and is pursuing measures set out in the Energy Saving Plan 2015-2025+ to reduce energy
intensity by 40% of the 2005 level by 2025 (EB, 2015). Energy efficiency improvements in buildings and
electrical appliances play an important role in this reduction.

Enhancing energy security: The transition from coal to gas

Reliance on imports for all fossil fuel needs is not expected to change in the near future. However, having
modern and large ports, as well as strong marine transport capability, means Hong Kong can import oil
products from numerous economies to increase energy security to some extent.

Table 6.4 shows energy structure optimisation over the projection period. Herfindahl-Hirschman Index
(HHI) ratings improve in primary energy supply, from HHI 0.44 in 2013 to HHI 0.41 in 2040, and in
electricity generation from HHI 0.69 to HHI 0.60, with a lower number indicating lesser reliance on a
particular fuel. The main reason for this trend is the move from coal to gas. In addition, renewable
energy development contributes to diversification of energy sources.
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Table 6.4 ¢ Hong Kong: Energy security indicators under the different Scenarios, 2013 and 2040

Improved High
Efficienc Renewables

Primary energy supply diversity (HHI) 0.44 0.41 0.35 0.39
Primary energy supply self-sufficiency (%) 1 1 1 2
Electricity generation input fuel diversity (HHI) 0.69 0.60 0.55 0.59

Note: The Herfindahl-Hirschman Index (HHI) is a measure of market concentration and diversity.
Sources: APERC analysis and IEA (2015a).

Climate change impacts and risks: Power generation and domestic transport targeted

Climate change impacts on Hong Kong include rising temperatures, more frequent heavy rainfall, rising
sea levels and more frequent extreme weather events. In 2010, Hong Kong set a CO, emissions intensity
reduction target of 50% to 60% by 2020 (from 2005 level), CO, emissions intensity being the amount of
CO, emissions per unit of GDP.

The primary contributors to final energy-related CO, emissions in Hong Kong are power generation and
domestic transport. Energy-related CO, emissions under the BAU Scenario were 46 MtCO, in 2013
(Figure 6.11), the majority of which came from the electricity generation sector. Total final energy-related
CO, emissions decrease 0.41% per year, to 35 MtCO, in 2040.

Figure 6.11 e Hong Kong: Final energy-related CO, emissions under the different Scenarios,
2000-40
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Note: Energy-related CO, emissions include only domestic emissions from fuel combustion. It does not include emissions from: non-
energy use of fuel; industrial processes; and land use, land-use change and forestry (LULUCF).
Sources: APERC analysis and IEA (2015b).

Hong Kong is implementing various policies to address greenhouse gas (GHG) emissions and climate
change, such as decarbonising the fuel mix for power generation, enhancing building energy efficiency
and making road transport more environmentally friendly. Corporations in Hong Kong also actively
participate in combating climate change. CLP Power is exploring new technologies to make the power grid
‘smarter’, helping accommodate distributed renewable energy and EVs and opening up new opportunities
for demand-side management (CLP, 2015). Under the BAU Scenario, final energy intensity is projected to
fall to 13 tonnes per 2012 USD million PPP by 2040, from 25 tonnes in 2005 (50% reduction). In addition,
energy-related CO, emissions per capita are projected to decline to 3.9 tonnes in 2040 from 6.4 tonnes in
2013.

CO, emissions from fuel use are lower under the Improved Efficiency and High Renewables Scenarios in
comparison with the BAU Scenario projections. Under the Improved Efficiency Scenario, CO, emissions
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from fuel use decrease 5.4 MtCO, by 2040, 15% lower than under the BAU Scenario. Under the High
Renewables Scenario, CO, emissions decrease by only 0.43 MtCO,, 1.2% below the BAU projections,
since the economic potential of renewables in Hong Kong is limited.

RECOMMENDATIONS FOR POLICY ACTION

Hong Kong would benefit from developing its renewable power potential, especially solar PV and wind.
Pollution and CO, emissions would decrease, and TPES would be more diverse. Incentivising policies like
feed-in tariffs or renewable portable standards could encourage renewable energy development. Building
or contracting with renewable power plants in China and importing the energy through the China
Southern Power Grid could also be considered.

In energy-related CO, emissions reductions, Hong Kong benefits from importing nuclear-generated
electricity from China. There has been considerable opposition to nuclear energy since the Fukushima
accident, but public opinion now appears to be shifting.

The willingness of the population to make lifestyle changes demonstrates its concern about climate
change. The Overall Thermal Transfer Value and B(EE)R have been gradually tightened since the mid-
1990s, contributing substantially to energy efficiency improvements. Further tightening these rules is
recommended to help achieve Hong Kong'’s energy intensity target. The use of low-emitting fuels for
motor vehicles could also be further promoted.
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KEY FINDINGS

® From 2013 to 2040 Indonesia’s final energy demand increases at
an AAGR of 2.9% under the BAU Scenario.

® Long-term energy security remains a challenge for Indonesia in the
BAU Scenario, even though diversity of primary energy supply
improves by 2040 compared with 2013. Conversely, primary energy
supply self-sufficiency drops from 84% in 2013 to 64% in 2040 due to

rising oil and gas imports.

® The High Renewables Scenario delivers the best energy security
and the Improved Efficiency Scenario gives the best trade-offs in
the power sector with lower average generation costs, lower energy-
related CO, emissions and a better HHI rating for Indonesia in 2040
compared with the BAU. The High Gas 100% Case offers the lowest power

sector-related CO, emissions.

® Under the BAU, Indonesia’s energy intensity improves by 42%
between 2005 and 2035, contributing to the APEC energy intensity
goal due to continuous and intensive efforts to improve energy efficiency

in the transport and buildings sectors.

® Indonesia has the potential to further contribute to the APEC
energy intensity goal, as the Improved Efficiency Scenario achieves
a 49% energy intensity reduction from 2005 to 2035. The High
Renewables Scenario achieves domestic renewables targets and
contributes to the APEC renewable energy goal, as renewables generation
increases sevenfold from 2010 to 2030, compared with a threefold

increase in the BAU.
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ECONOMY AND ENERGY OVERVIEW

Indonesia is a large archipelago located southeast of mainland South-East Asia, between the Pacific
Ocean and the Indian Ocean. Its territory of 7.8 million square kilometres (km2) encompasses 17 508
large and small islands, as well as large bodies of water at the equator. The economy's total land area is
about 1.9 million km? (KESDM, 2014a). The area includes Indonesia’s exclusive economic zone. The
population in 2013 was 251 million, showing an annual average growth rate (AAGR) of 1.4% from the
2005 population level of 227 million (Table 7.1). Indonesia is the world’s fourth most populous economy,
yet about half of the population still lives in rural areas and is involved mainly in agriculture-related
activities. The Indonesian government projects that around 67% of the population will become urbanised
by 2035 (DEN, 2015). Over the Outlook period, Indonesia’s population growth is projected to slow to an
AAGR of 0.5%, reaching 290 million by 2040.

Table 7.1 e Indonesia: Macroeconomic drivers and projections 1990-2040

1990 2000 2010 2013 2020 2030 2040

GDP (2012 USD billion PPP) 429 647 1 068 1281 1770 2 707 4 070
Population (million) 181 212 242 251 265 280 290
GDP per capita (2012 USD PPP) 2 366 3058 4421 5 097 6 688 9654 14010
APEC GDP per capita (2012 USD PPP) 9169 11482 15459 17047 21298 28216 35913
TPES (Mtoe) 99 156 209 214 315 430 554
TPES per capita (toe) 0.5 0.7 0.9 0.9 1.2 1.5 1.9
APEC TPES per capita (toe) 2.1 2.3 2.7 2.8 3.2 3.4 3.5
Total final energy demand (Mtoe) 80 121 150 162 212 283 354
AT s 1 a0 16 w0 s w
ISP tea 135 a3 a0 100 s0 64
Energy-related CO, emissions (MtCO,) 134 258 383 425 598 868 1163
APEC emissions (MtCO,) 11937 14204 18463 20436 23047 24686 25255
Electrification rate (%) 28 57 67 81 99 100 100

Notes: GDP is measured in USD billion at the 2012 currency exchange rate, using purchasing power parity (PPP) to facilitate comparison
across economies. Unless otherwise indicated, references to costs and investments are expressed in 2012 USD PPP; TPES = total
primary energy supply.

Sources: IEA (2015a, 2015b) and World Bank (2015), KESDM (2013a) and DJK Statistik Ketenagalistrikan (2014) for historical data;

APERC analysis for projections.

Indonesia, which is a member of the Group of Twenty (G20), is the largest economy in South-East Asia
and the 16th largest globally (World Bank, 2015). Between 2005 and 2013, the economy had an AAGR of
5.9% and was even resilient during the 2009 global financial crisis. In 2013, Indonesia’s gross domestic
product (GDP) was around USD 1 281 billion, with a per-capita GDP of USD 5 097. The manufacturing
industry was the largest contributor to GDP in 2013, accounting for 21%; agriculture, forestry, and
fishing delivered a combined share of 13%. The economy's main export products are mineral fuels,
lubricants and related materials products (31% of total export value), followed by machinery and
transport equipment products (12%) (BPS, 2015). Over the Outlook period, APERC analysis projects
Indonesia’s economic growth will increase 4.4% annually to reach USD 4 070 billion of GDP by 2040.

ENERGY RESOURCES

Indonesia is a major fossil fuel producer and exporter. It is the world’s largest coal exporter (and the
fourth-largest coal producer) and the seventh-largest liquefied natural gas (LNG) exporter (tenth-largest
gas producer) (IEA, 2015a). Most crude oil is produced onshore from the Minas and Duri oil fields (on the
eastern coast of central Sumatra), two of Indonesia's largest fields and both of which are considered
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mature. The Duri field has undergone one of the world’s largest enhanced oil recovery (EOR) efforts
(Jakarta Post, 2012). Indonesia’s crude oil production trend generally decreases due to maturing oilfields
combined with a slower reserve replacement rate and decreased exploration and investment in the
industry.

To boost oil and gas production, the Indonesian government is promoting exploration further offshore
and in frontier regions. The government is also providing incentives to reduce risk, for example by giving
a better equity split between the government and the contractor (the entitlement of the contractor can be
30% to 35% for oil, up from the current entitlement of 20%, and 35% to 40% for gas, up from the
current entitlement of 30%) along with an exemption of import duty and fiscal incentives. It has also
taken steps to simplify the process of obtaining permits by establishing a ‘one-stop service permit and
licensing’. Three major oil projects are ongoing: Banyu Urip in Java with a maximum capacity of 165 000
barrels of oil per day (bbl/d); Bukit Tua with a maximum capacity of 20 000 bbl/d; and Ande-Ande Lumut
with a capacity of 20 000 bbl/d (Widjonarko, 2013). As the number of new exploration and production
projects has been small relative to oil demand, the economy is expected to remain an oil importer in the
long term.

Indonesia's large natural gas reserves are located in six main areas: near Arun in Aceh, around Badak in
East Kalimantan, South Sumatra, the Natuna Sea, the Makassar Strait, and Papua. Smaller, offshore gas
reserves are found in West and East Java (EIA, 2015). At present, 14 major natural gas projects are in
operation, primarily deep water fields in the eastern part of Indonesia such as Indonesia Deepwater
Development (IDD) Bangka, IDD Gendalo Hub, and IDD Gehem Hub (Widjonarko, 2013). The
government is also promoting, exploration of coal-bed methane (CBM), which is currently estimated at
17.2 trillion cubic meters (tcm), and shale gas, estimated at 4.3 tcm (DIJMG, 2014). Contracts of CBM
blocks, mainly in Sumatra and the Kalimantan islands, were first awarded to investors or developers in
2007. For shale gas, two contracts have been awarded to Pertamina (the state-owned oil and gas
company) for the Sumbagut block in North Sumatra (IEA, 2015a). Further progress and success of these
projects will depend on the regulation and support offered by the government. Without progress to
increase gas production to meet high demand growth, Indonesia will begin to import natural gas in 2026
according to the APERC Outlook projection.

Indonesia is one of the world’s leading coal producers, with lignite accounting for about 57% of total
recoverable reserves, followed by sub-bituminous (27%), bituminous (14%) and anthracite (<0.5%)
(Table 7.2). Most of the coal reserves are in South Sumatra and East Kalimantan, with relatively small
deposits in West Java and Sulawesi. While Indonesian coal’s heating value can range from 5 000 to 7 000
kilocalories per kilogram, it is generally distinguished by its low ash and sulphur content (typically less
than 1%). Coal production in Indonesia grew at an AAGR of 14% in the past four years, with total
production reaching 458 million tonnes (Mt) in 2014, of which some 83% was exported (the rest being
used for domestic demand) (Gushka, 2015).

Table 7.2 e Indonesia: Energy reserves and production, 2014

Proven Years of Percentage of | Global ranking | APEC ranking
reserves productlon world reserves reserves reserves

Coal (Mt)? 28 017 10th

Oil (billion bbl)? 3.7 12 0.22 27th 9th
Gas (tcm)? 2.9 39 1.5 14th 5th
Uranium (kt U)® 6.3 N/A 0.17 24th 7th

Notes: *Total proven coal/oil/gas reserves are generally taken to be those quantities that geological and engineering information
indicated with reasonable certainty can be recovery in the future from known deposits under existing economic and operating
conditions. PUranium reserves are ‘reasonably assured resources’ reference year for uranium reserve and production is 2013.

Sources: For oil, coal and gas, BP (2015); for uranium, NEA (2014).

! The BP Statistical Review of World Energy 2015 and the Nuclear Energy Agency’s Uranium 2014 are used as standardised sources of energy reserves and
production for comparative purposes.
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Renewables are abundant in Indonesia.? Based on 2014 data from the Ministry of Energy and Mineral
Resources, diverse sources show strong potential including geothermal (29 gigawatts [GW]), hydro
(75 GW), wind (62 GW of commercial potential) and biomass for electricity (33 GW). Theoretical potential
also exists for ocean wave (142 GW) and ocean thermal (4.2 GW), while solar potential irradiation is
between 2.6 kilowatt-hours per square metre (kWh/m?) and 5.8 kWh/m? (DJEBTKE, 2014).

ENERGY POLICY CONTEXT

Indonesia’s current National Energy Policy (NEP) was formulated under Government Regulation No. 79 of
2014. The NEP is based on the principles that energy management should be equitable, sustainable and
environmentally friendly, and should support energy self-reliance and energy resilience. To encourage the
use of domestic resources to meet Indonesia’s energy needs, the government uses policy instruments
such as energy pricing, subsidies and incentives, particularly for renewables. It also supports research
and development (R&D) to help commercialise specific energy technologies. To secure the economy’s
energy needs, the government will implement policies to gradually decrease fossil energy exports
(particularly gas and coal) and also to reduce fuel oil and electricity subsidies.

The NEP also sets development priorities for energy resources, encouraging exploitation and use of
renewables and coal, as well as optimising gas use while minimising oil use. The policy identifies nuclear
as the last energy option, after carefully considering the safety factor. The NEP sets out the ambition to
transform, by 2025 and 2050, the primary energy supply mix with shares as follows:

* new and renewable energy at least 23% in 2025 and at least 31% in 2050;
¢ 0il should be less than 25% in 2025 and less than 20% in 2050;

* coal should be minimum 30% in 2025 and minimum 25% in 2050; and

* gas should be minimum 22% in 2025 and minimum 24% in 2050.

In addition, the NEP established an economy-wide target with several components including: reduce the
energy elasticity target to less than 1 in 2025; reduce final energy intensity by 1% annually up to 2025;
achieve an electrification rate of 85% in 2015 and nearly 100% in 2020; and achieve a gasification rate
in households of 85% in 2015. According to 2014 data, the electrification rate was 84.4% (DJK, 2015)
while the gasification rate still lagged behind the 81.7% target (PERTAMINA, 2014).

A new policy on fuel subsidies came into effect on 1 January 2015, which ends government subsidies for
gasoline types with an octane number of 89 RON (called ‘Premium’ in Indonesia’s market). The policy
also applied a fixed subsidy (USD 0.07 per litre) for diesel oil types with an octane number of 48 (called
‘Solar' in Indonesia’s market). The government expects this policy will reduce fuel consumption, thereby
helping to reduce fuel imports.

To better ensure that coal exports comply with the regulation and also optimise the state revenue from
coal exports, the government has created a registry of coal exporters. Companies wanting to export coal
must register and also pay the royalties before shipping coal. To better control actual shipping, the
government also plans to reorganise the numerous coal ports into 14 official coal ports (to date, no
progress on implementing this plan is evident). The value-added policy on coal includes the development
of mine mouth power plant,® which the government is accelerating through special pricing that allows
producers to add a 25% margin to total mining production costs. As part of increasing investment in the
mineral and coal sector, the government has reduced the number of permits available from 62 permits to
18, to provide more investment and legal certainty to investors, and reduce approval times which
previously experienced delays.

2 'Renewables' includes hydro, solar, wind, geothermal, biomass and marine; when 'other renewables' is used, hydro is not included.
3 Mine mouth power plant is the coal-fired power plant, which is using low-rank coal located around the coal mine mouth to eliminate coal transportation
needs.
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To accelerate development and use of geothermal energy for electricity generation, the government
issued the New Geothermal Law No. 21/2014 on 17 September 2014, which removed a previous
restriction on geothermal development in protected forest areas. Under the new law, the required permit
has been changed from a ‘Geothermal Mining Permit’ to a ‘Geothermal Permit’; this opens the possibility
to obtain from the Ministry of Forestry an 'environmental service use permit', which can be applied to
areas categorised as production, protection and conservation forests. The new regulation also gives the
central government authority to set the tariff on geothermal electricity, to conduct tenders on geothermal
working areas (GWA), to issue ‘geothermal permits’ and to offer incentives to developers. Previously,
these activities and authorities were carried out by the central or local government, according to their
respective jurisdictions.

BUSINESS-AS-USUAL SCENARIO

This section examines Indonesia's energy demand and supply under the Business-as-Usual (BAU)
Scenario, which is based on key assumptions and existing policies that are expected to apply over the
Outlook period (Table 7.3).

Table 7.3 e Indonesia: Key assumptions and policy drivers under the BAU Scenario

Buildings * Implement energy performance standards and labelling programs currently being
considered.

Industry * Implement energy management systems and energy audit programs currently being
considered.

¢ Implement an economy-wide standard ISO 50001 on energy management system and
system optimisation.

Transport ® Low saturation level of road vehicle ownership.

* Limited deployment of hybrid and electric vehicles (EVs).
* Increase biofuels blends, based on historical trends.

* Apply fuel efficiency standards only for specific vehicles.

Energy supply mix ® Increase shares of renewables and coal.
® Reduce share of oil.

Power mix * Expand use of coal, gas and renewables.
* Reduce use of oil.
* Nuclear development is not considered.

Renewables * No target set for renewable energy; construction will proceed on committed projects.

Energy security * Optimise self-sufficiency for oil, gas and renewables.

Climate change * Carbon dioxide (CO,) emission reduction is considered within the implementation of
energy efficiency and conservation programs.

Note: This table summarises the main policies assumed within the BAU Scenario; it is not intended as a comprehensive list of all energy
policies.

RECENT TRENDS AND OUTLOOK FOR ENERGY DEMAND

According to the NEP, Indonesia aims to reduce energy final intensity by 1% annually up to 2025. The
government is pursuing various energy efficiency and conservation programs across all sectors, including
public awareness campaigns, standards and labelling, partnership programs for energy audits, smart
street lighting, and human resource development. Those efforts will contribute to the Asia-Pacific
Economic Cooperation (APEC) goal of reducing energy intensity by 42% in 2035 (from the 2005 level).

Considering that Indonesia’s GDP grows 4.4% annually and final energy demand rises 2.9% over the
period 2005 to 2035 under the BAU Scenario, the economy's final energy intensity of GDP falls from 166
tonnes of oil equivalent (toe) per unit of GDP to 96 toe in 2035. This translates to a 42% intensity
reduction over the 30-year period, contributing to the regional APEC energy intensity goal.
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In absolute terms, final energy demand under the BAU increases from 162 million tonnes of oil equivalent
(Mtoe) in 2013 to 354 Mtoe in 2040 (an AAGR of 2.9%), with demand rising across all sectors. Demand
shares, however, are expected to shift. With a share of 42%, buildings and agriculture was the largest
end-use sector in 2013, followed by domestic transport (29%) (Figure 7.1). By 2040, domestic transport
shows an AAGR of 4.3% and overtakes as the largest (40%) end-use, while industry AAGR of 3.7%
bumps it to second place (28%). Stronger buying power of the population is boosting car ownership and
driving the increase in domestic transport energy demand, along with expansion of automobile
manufacturing and the recent launch of a low-cost green car policy (Bappenas, 2015). Industrial
slowdown in Indonesia, reflecting on going recovery from the global economic crisis in 2009, has resulted
in energy demand growth being lower in industry than in transport.

Figure 7.1 e Indonesia: Final energy demand by sector, 2000-40
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Sources: APERC analysis and IEA (2015a).

Buildings and agriculture energy use: Biomass continues to dominate

Under the BAU, energy demand in the buildings and agriculture sector in Indonesia increases from 68
Mtoe in 2013 to 90 Mtoe in 2040, reflecting an AAGR of just 1% (Figure 7.2). Energy demand in
residential buildings is below this average (0.6%), influenced by a similarly low (0.5%) AAGR in the
population. As half of Indonesia’s population still lives in rural areas, renewable biomass remains the
primary residential energy source (DEN, 2015), even though the use of liquefied petroleum gas (LPG),
natural gas and electricity grows. In line with a positive economic outlook, the commercial buildings
sector grows more rapidly (AAGR 4.3%), primarily through development of hotels, offices and property.
Demand will largely be met through electricity and oil. Oil will remain dominant in the agriculture sector,
particularly for light equipment such as tractors and water pumps for irrigation.

In 2013, the share of renewables in buildings and agriculture was 69%, followed by electricity (16%), oil
(15%) and gas (0.3%). The fuel demand mix for the sector changes over the Outlook period due to
urbanisation. Estimating that around 67% of the population will become urbanised by 2035 (DEN, 2015),
the government has implemented three programs targeting the residential sector: 1) a kerosene to LPG
conversion program, which was started in 2007; 2) a city gas program, launched in 2009; and 3) an
electrification program that aims to boost the access level to nearly 100% in 2020 (KESDM, 2014b). The
most rapid demand growth (4.7%) is in gas (to reach 0.74 Mtoe) and coal (to 0.033 Mtoe) in 2040,
followed by electricity (4.1% AAGR to reach 31 Mtoe). Both renewables and oil decline over the Outlook
period. As a result, the shares of energy demand by fuel type will change dramatically by 2040 with
renewables falling to 50% while electricity doubles to 35%; the share of oil declines slightly (14%) while
gas (0.8%) and coal (0.2%) rise slightly from a low base.

110 APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II



7. INDONESIA

Figure 7.2 e Indonesia: Buildings and agriculture sector final energy demand, 2000-40

100
—> Projection
75
m Electricity
0 = Renewables
]
50
E = Gas
m Qil
m Coal
25
. B

2000 2013 2020 2030 2040

Sources: APERC analysis and IEA (2015a).

Industry energy use: Less energy-intensive industries drive demand growth

Industry plays a fundamental role in Indonesian economic growth, and could become more important in
the future. Its contribution, particularly in non-oil and gas industry, to GDP reaches 30% by 2020 under
the BAU (Kemenperin, 2015a). In 2013, the manufacturing industry was the largest contributor (21%) to
the economy's GDP (BPS, 2015).

Industrial energy demand in Indonesia increases at an AAGR of 3.7%, from 37 Mtoe in 2013 to reach 97
Mtoe in 2040 (Figure 7.3). Less energy-intensive sub-sectors (textile and leather production, mining of
metals and quarry, food and tobacco, and construction) dominate, consuming about 79% of total
industry energy demand. Energy demand in the three most energy-intensive sub-sectors (iron and steel,
chemical and petrochemicals, and non-metallic minerals including cement) grow 3.3% per year to reach
20 Mtoe in 2040.

Figure 7.3 e Indonesia: Industry sector final energy demand, 2000-40
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Sources: APERC analysis and IEA (2015a).

To stimulate energy efficiency and conservation (EE&C) in industry, the government has initiated
different programs. Under an energy conservation partnership program, free energy audits were
conducted of 805 companies in 2013-14. The government also provided support for certification of 151
energy managers and 74 energy auditors. With the support of the UN Industrial Development
Organization (UNIDO), Indonesia has also implemented the ISO 50001 economy standard on energy
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system management and system optimisation, targeting four industries (textiles, pulp and paper, food
and beverage, and chemical). The program will be expanded to also cover the fertiliser, ceramic and
glass, power generation, and automotive industries. In power generation and industry, the government
intends to launch online reporting to monitor EE&C implementation and is preparing regulations to
support development of energy service companies (ESCOs) (Feby Misnah, 2015).

Transport energy use: Green policies help counter impact of growing demand

In an effort to promote cleaner personal transportation, the Indonesian government launched (in 2012) a
new policy called ‘Low Cost Green Car’ (LCGC). The program provides tax incentives (such as zero luxury
goods tax and exemption from import duty) to reduce the price of cars that meet the minimum fuel oil
(or other fuel equivalent) consumption of 20 km/litre and the minimum specifications Research Octane
Number (RON) 92 for gasoline and Cetane Number (CN) 51 for diesel. The government also set up a
small green vehicle class with a maximum price of around USD 7 000 (IDR 95 million) (Kemenperin,
2015b). Sales of LCGCs jumped from 51 180 vehicles in 2013 to 172 120 cars in 2014—an increase of
236% —accounting for 14% of sales (Gaikindo, 2015). At 84 vehicles per 1 000 people, the saturation of
vehicle ownership in Indonesia was only 18% in 2013. As the economy accelerates, vehicle ownership
increases at an AAGR of 5.8% to reach 384 vehicles per 1 000 people in 2040, with total vehicle stock
rising to 112 million vehicles and saturation reaching 82%. As a result, transport energy demand
increases more than threefold from 47 Mtoe in 2013 to 146 Mtoe in 2040 (Figure 7.4).

In 2013, road transport accounted for about 89% of domestic transport energy demand, with light-duty
vehicles (LDVs) consuming 23%, heavy-duty vehicles (HDVs) (45%) and motorcycles (32%). The LDV
percentage share increases to 42% by 2040, with HDV and motorcycle shares declining. Since the
government introduced deregulation in air transport in 2001, rapid growth of low-cost airlines has
suppressed water transport, which is increasingly used for freight or passengers only in areas not covered
by airlines. By 2040, domestic air travel will account for 13% of transport energy demand, while water
transport will have only a modest (4%) share.

Figure 7.4 ¢ Indonesia: Domestic transport sector final energy demand, 2000-40
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In an effort to diversify fuels in the transport sector and address climate change, the Indonesian
government has established a policy to promote, produce and use biofuels, which includes a minimum
biofuels blend rate mandate and target. As of April 2015, the new minimum blend rate mandate is for 1%
bioethanol with gasoline (E1) and 15% biodiesel with diesel (B15) (KESDM, 2015). By 2025, the blend
rates will increase to E20 (20%) for bioethanol and B30 (30%) for biodiesel. To improve the
competitiveness of biofuels with gasoline and diesel, the government has provided fiscal incentives such
as exemptions on value-added tax (VAT) and on import duty; direct subsidies on retail prices for the
transport sector; investment tax incentives; and interest rate subsidies for biofuel feedstock plantation.
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RECENT TRENDS AND OUTLOOK FOR ENERGY SUPPLY

Primary energy supply: Oil maintains dominance, coal remains fuel of choice for new
power plants

Data from the Ministry of Energy and Mineral Resource show that total primary energy supply (TPES) in
Indonesia was 226 Mtoe in 2013, having had an AAGR of 3.8% since 2000. Oil (38%) still dominated the
primary energy mix, followed by coal (25%), renewables (19%), natural gas (15%) and hydro (3%)
(KESDM, 2014a). In line with rising final energy demand, the Outlook projects that Indonesia’s TPES will
more than double, reaching 554 Mtoe in 2040 (Figure 7.5). Oil (32%) will still dominate in 2040, but
other shares will change as natural gas (21%) overtakes coal (20%), and the shares of renewables
(25%) and hydro (1%) decline.

Natural gas grows the most quickly, at 4.9% AAGR, reaching 118 Mtoe in 2040, largely to meet demand
in industry for chemical and petrochemical, textiles and power generation. Coal will have the second-
fastest growth, at AAGR 4.8% to reach 113 Mtoe in 2040, mainly for power generation (coal-fired power
plant capacity increases at 5% AAGR) and for cement, paper, and textile sub-sectors. While oil shows
slower growth (3.2% AAGR to reach 180 Mtoe), it remains the dominant share of TPES, driven by rapid
demand growth from transport.

Indonesia’s archipelago geography and the dispersed nature of its gas reserves complicate fuel transport;
this challenge is mitigated through a combination of LNG facilities and a localised pipeline network.
Currently, Indonesia has three LNG liquefaction facilities in operation (Arun, Bontang and Tangguh) and
one under construction (Donggi-Senoro). In anticipation of rising domestic demand, especially from
islands lacking their own natural gas sources, two floating storage and regasification units (FSRU) are in
operation (FSRU Lampung and FSRU Nusantara Regas), and 9 more will be constructed by 2030, along
with 61 land-based regasification units (Cahyono Adi, 2015).

Indonesia’s natural gas pipeline network is currently operated by three large gas transmission system
operators: PGN and Pertagas (which are both state-owned), and Transportasi Gas Indonesia (TGI) (60%
owned by PGN). PGN owns and operates the high-pressure pipeline network in South Sumatra, North
Sumatra and West Java (total length of about 2 300 km). Pertagas owns and operates approximately 1
600 km of pipeline network across South Sumatra, West Java, Banten, East Java, North Aceh, North
Sumatra and East Kalimantan. TGI operates the only cross-border natural gas pipeline, which runs from
the Natuna Islands of Riau and South Sumatra across the Strait of Malacca to Singapore (IEA, 2015a).

Figure 7.5 e Indonesia: Total primary energy supply by fuel, 2000-40
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To capture the potential of its abundant renewable energy resources, Indonesia has set a target that
renewables (including biomass) will have a 26% share in TPES by 2025. Hydro power under the BAU
increases at an AAGR of 4.2% to reach 4.4 Mtoe in 2040; other renewables increase twofold from
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71 Mtoe in 2013 to 137 Mtoe in 2040. Indonesia’s target that new and renewable sources will reach at
least 23% share in TPES by 2025 will be achieved under the Outlook projections.

Energy trade: Coal exports remain vital as Indonesia becomes a gas importer after 2020

To keep pace with demand and reduce imports, the Indonesian government is actively increasing fuel
production. Four new oil refineries will be developed by 2025, with total capacity of 518 000 bbl/d. Two
new refineries, Cilacap and Eretan (212 000 bbl/d) will be located in Java islands, the Medan refinery (6
000 bbl/d) in Sumatra island, and the Bontang refinery (300 000 bbl/d) in Kalimantan island. Under this
plan, Indonesia’s refinery capacity could reach 1 687 000 bbl/d by 2025—about 44% above current
capacity (Cahyono Adi, 2015).

Indonesia’s crude oil production tends to decrease continually over the Outlook period. To meet the high
oil demand projected under the BAU, Indonesia remains an oil importer. In fact, imports increase at an
AAGR of 5.4% to reach 146 Mtoe in 2040 (from 35 Mtoe in 2013), at which time 81% of Indonesia's oil
supply will come from imports (Figure 7.6).

Indonesia’s gas supply shows a different situation under the BAU, as the economy continues to produce
and export gas until 2025. Thereafter, Indonesia begins importing natural gas—unless the new gas
projects now being developed show significant progress. In 2040, Indonesia is projected to require 118
Mtoe of gas while production is only 63 Mtoe, meaning 47% of gas demand will need to be imported. The
main challenges of upstream gas development in Indonesia are offshore locations and deep sea
exploration in the eastern region, which require large capital and advanced technology.

Figure 7.6 e Indonesia: Net energy imports and exports, 1990-2040
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Coal production in Indonesia is strong due to high demand and large reserves. Reflecting recent
implementation of a coal production control policy, over the Outlook period coal production grows (AAGR
1.6%) to reach 427 Mtoe in 2040 from 281 Mtoe in 2013. Considering domestic coal consumption is still
lower than production, Indonesia remains a coal exporter over the Outlook period, with coal exports
growing at 0.9% AAGR. In 2013, 85% of Indonesia’s total coal production was exported, mainly to India,
China, Japan and Korea (DEN, 2015).
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Indonesia has among the lowest rates of electrification and per-capita electricity consumption in APEC. In
2014, 84.4% of households were electrified, but per-capita consumption remained low at only 865 kWh
(DJK, 2015), compared with an APEC average of 5 032 kWh. Annual electricity consumption growth has
been high (7.8%) over the past five years (2008-13) (DJK, 2014). Anticipating a surge in electricity
demand, Indonesian authorities launched (in 2015, to be completed by 2019) a 35 GW Electricity
Program for Indonesia, building on the success of the 10 000 megawatt (MW) Accelerated Power Program
rolled out in 2006 (Phase 1) and 2010 (Phase 2). Considering that 7.4 GW of power plants are already
under construction, the new project (actually 35.5 GW) boosts capacity to be developed by 2019 to 42.9
GW. Around 60% of the additional capacity will come from coal-fired plants.

To realise such an ambitious program, the government has put in place policies to support land
acquisition for projects of public interest (which will be secured by the government according to the land
law), to establish ceiling prices for electricity purchase, and to streamline the procurement and permitting
processes.

Under the BAU, Indonesia’s power capacity increases from 51 GW in 2013 to 160 GW in 2040, while
power generation increases at an AAGR of 4.2% from 219 terawatt-hours (TWh) in 2013 to 656 TWh in
2040 (Figure 7.7). Coal and gas are the preferred investment choices for thermal power plants, especially
since Indonesia has vast but under-utilised coal deposits. The economy is projected to add 66 GW of
coal-fired capacity and 29 GW of gas-fired by 2040, boosting coal to the highest share in the generation
mix (from 51% in 2013 to 62% by 2040) while drastically shrinking the share of oil (from 12% in 2013 to
1.4% by 2040). This aligns with the government policy to eliminate oil-based power plants, except in
areas where no competitive alternative is available (isolated and remote areas as well as small islands)
(PLN, 2015).

Figure 7.7 e Indonesia: Power capacity and generation by fuel, 2013-40
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Policy for renewable energy development and use in Indonesia is mainly dedicated to enhancing energy
security, sustaining socio-economic development and addressing climate change. To promote
development of renewables and improve their competitiveness against fossil fuels, Indonesia has set
medium- and long-term targets, a feed-in tariff (FiT) scheme for selected technologies, and fiscal
incentives such as exemption from taxes. In line with government policy, hydro and other renewables (in
the form of solar, wind, geothermal and biomass) are expected to contribute an increasing share to the
generation mix over the Outlook period, reaching 16% by 2040. Electricity generation from hydro will
grow at 4.2% AAGR, reaching 51 TWh in 2040, while other renewables grow at an AAGR of 6.1% to
reach 48 TWh. Geothermal remains the second largest renewable generation source growing from 9 TWh
in 2013 to 35 TWh in 2040.
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ALTERNATIVE SCENARIOS

All three alternative scenarios, the Improved Efficiency Scenario, the High Renewables Scenario and the
Alternative Power Mix Scenario apply to Indonesia, including all four cases of the Alternative Power Mix
Scenario.”

Among the alternatives, the Improved Efficiency Scenario demonstrates the largest impact, delivering the
lowest energy-related CO, emissions and having a relatively lower average generation cost for power.
The power generation fuel input mix is also more diversified under this scenario than under the BAU.

IMPROVED EFFICIENCY SCENARIO TO SUPPORT APEC ENERGY INTENSITY GOAL

The Improved Efficiency Scenario models the potential for the APEC region to achieve the APEC energy
intensity goal.®’ The Improved Efficiency Scenario demonstrates energy demand savings of nearly 15%
over the BAU Scenario. The largest savings (22 Mtoe) are in domestic transport, with vehicle stock being
24% lower than under the BAU in 2040 (Figure 7.8). These savings can be achieved only if Indonesia
develops better urban planning, including better public transportation, to lower vehicle saturation and
avoid congestion.

Industry provides the second-largest contribution (20 Mtoe) to total energy savings in 2040, through
uptake of best available technologies, more effective energy management and increased efficiency in
equipment. Other less intensive industry (e.g. textiles and food processing) delivers the largest share
(88%) of industry energy savings, followed by chemicals and petrochemicals (4%), non-metallic minerals
including cement (6%), and iron and steel (1%). Application of ISO 50001 Energy Management
Standards and System Optimisation Frameworks, coupled with energy management services and energy
audit programs, are vital measures to help realise these energy savings.

Adoption of more efficient appliances plays a key role in achieving 10 Mtoe of energy savings in the
buildings sector in 2040. The larger share (72%) comes from residential, and the rest (28%) from
commercial.

Figure 7.8 e Indonesia: Potential energy savings in the Improved Efficiency Scenario, 2015-40
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Source: APERC analysis.

4 For more details about the Alternative Scenario assumptions, see Chapters 5 to 7 in Volume I.
5 The APEC energy intensity goal aims to reduce energy intensity across APEC by 45% by 2035 (from 2005 levels). It is an APEC-wide, collective target, not a
target for each economy. As the denominator of energy intensity remains to be specified, this Outlook uses final energy demand for analysis.
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HIGH RENEWABLES SCENARIO TO SUPPORT APEC DOUBLING RENEWABLES GOAL

The High Renewables Scenario models the APEC doubling renewables goal, focusing on the power and the
transport sectors only.® The High Renewables Scenario assumes that the government's renewable
generation target is met and uses the levelised cost of electricity (LCOE) to identify potential for
additional renewable generation. Under this scenario, LCOE is lowest for hydropower (USD 0.043/kWh),
geothermal (USD 0.049/kWh) and biomass (USD 0.063/kWh), which contributes to a steady evolution in
power generation. In 2030, hydro generation accounts for 14% of total generation under the High
Renewables Scenario, compared with 9.6% under the BAU (Figure 7.9). Biomass accounts for 17%
(1.4% under the BAU) in 2030 and geothermal 6.5% (6.1% under the BAU). As the costs of power
generated from solar photovoltaic (PV) and wind decline globally, uptake increases although shares
remain low in 2030 (2.6% for solar and 0.25% for wind) under this Scenario. In 2030, total renewables
generation reaches 188 TWh under this Scenario compared with 81 TWh under the BAU, or 40% of total
generation, compared with the BAU’s 18%.

Figure 7.9 e Indonesia: Power sector under the High Renewables Scenario, 2013-40
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The target for renewable power generation in Indonesia remains unclear. Officials from the Directorate
General of New, Renewable Energy and Energy Conservation (DGNREEC) state capacity targets of new
and renewable power plants: hydro at 25.7 GW in 2030 and 27.4 GW 2040; geothermal at 5.2 GW in
2030 and 6.1 GW in 2040; biomass at 13.1 GW in 2030 and 26.7 GW in 2040; and solar at 9.8 GW in
2030 and 78 GW in 2040, with the addition of 1.5 GW of wind by 2040 (DJEBTKE, 2015). These targets
(particularly for solar capacity) differ from National Energy Council projections, the agency responsible for
preparing the NEP (DEN, 2014). As mentioned above, under the High Renewables Scenario, APERC
assumes the DGNREEC capacity targets for 2030 and 2040 will be achieved. Electricity generation from
renewables in the High Renewables Scenario reaches 326 TWh in 2040, from 100 TWh in the BAU, to
account for 50% of total generation. Biomass accounts for 21% of total generation, followed by solar
(12%) and hydro (11%).

In transport under the BAU Scenario, the share of biofuels in total transport energy demand is 5.2% in
2030 (which follows the historical trend to achieve blend rates of 7% for bioethanol and 8% for biodiesel),
and is significantly higher than the 0.48% in 2010 (Figure 7.10).

As of 2015, the Indonesian government’s biofuel targets are 20% bioethanol blend and 30% biodiesel
blend by 2025 (maintained through the Outlook period) (KESDM, 2015). Under the High Renewables
Scenario biofuel’s share of total transport energy demand increases by almost 8-fold to 15% in 2030

6 The APEC renewable energy goal aims to double renewables by 2030 from 2010 levels. It is an APEC-wide collective target, and does not specify a target for
each economy. For the High Renewables Scenario the target is based on final energy in the power and transport sectors. APERC analysis excludes traditional
use of biomass from renewable energy, but includes other types such as biomass for power generation and large-scale hydro.
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from 2010 levels. Demand for biofuels will increase from 0.17 Mtoe in 2010 to 17 Mtoe in 2030 and 21
Mtoe in 2040, with biodiesel accounting for a slightly larger share (52% in 2030 and 53% in 2040). Both
bioethanol and biodiesel register AAGRs of about 11% over the Outlook period. Indonesia has sufficient
feedstock potential from agriculture to produce biodiesel at this rate, but not bioethanol. Government
support is needed, however, to attract investors and developers to biofuels production (particularly
bioethanol).

Figure 7.10 e Indonesia: Biofuels demand and supply potential in the BAU and High Renewables
Scenarios, 2010-40
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Notes: Supply potential refers to the potential biofuels production if energy feedstock availability was maximised without impacting
agricultural production. Supply potential is for the Outlook period only; HiRE = High Renewables Scenario.
Sources: APERC analysis, KESDM (2013b), FAO (2014) and IEA (2015a).

ALTERNATIVE POWER MIX SCENARIO

The Alternative Power Mix Scenario illustrates the potential impact of having cleaner coal, more gas and
higher nuclear contributions in the power generation mix, and their respective impacts on energy-related
CO, emissions. All four Alternative Power Mix Scenario Cases apply to Indonesia: Cleaner Coal, High Gas
50%, High Gas 100% and High Nuclear.

The Cleaner Coal Case assumes that from 2021 all new coal-based generation capacity is supercritical
(SC) or ultra-supercritical (USC), and after 2035 all new coal plants have carbon capture and storage
(CCS) capability. The share of coal in power generation remains the same as in BAU, reaching 60% by
2040, but these changes result in lower energy-related CO, emissions (Figure 7.11). Despite the higher
capital cost of more advanced coal technologies, the average generation cost is projected to decrease
from USD 114/MWh in 2013 to USD 104/MWh in 2040, the same as under the BAU. The decreasing
average cost may reflect more efficient power generation, requiring lower fuel consumption. Under the
Cleaner Coal Case, CO, emissions from electricity generation decrease to 360 MtCO, in 2040 compared
with 479 MtCO, under the BAU.

The High Nuclear Case assumes that Indonesia will develop 1 GW of nuclear power by 2030 and then
expand capacity rapidly to 3 GW by 2035 and 7 GW by 2040, compared with no nuclear in the BAU. At
USD 91/MWh in 2040, this case delivers the lowest average generation cost. It also substantially reduces
energy-related CO, emissions from electricity generation, which reach 436 MtCO, by 2040, or 9% lower
than under the BAU.

From a base of 14 GW in 2013, gas capacity will need to be expanded substantially by 2040 to reach
69 GW in the High Gas 50% Case and 96 GW in the High Gas 100% Case. The share of gas to total
power generation in 2040 will be 41% in the High Gas 50% Case and 60% in the High Gas 100% Case,
compared with 21% under the BAU. Average generation costs of USD 110/MWh under High Gas 50% and
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High Gas 100% are higher than in the BAU in 2040 but slightly higher 2013 average generation costs. In
2040, High Gas 50% will produce electricity generation CO, emissions of 394 MtCO,, (18% lower than the
BAU) while High Gas 100% produces only 315 MtCO, (34% lower than the BAU).

Figure 7.11 e Indonesia: The BAU and Alternative Power Mix Scenarios by Case, 2013 and 2040
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Sources: APERC analysis and IEA (2015a, 2015b).

To achieve the lowest average cost of power generation, Indonesia would need to pursue nuclear power.
However, the NEP clearly states this to be ‘the last option’ due to safety considerations (KESDM, 2014b).
Higher use of gas presents its own challenges, particularly high costs (and thus high pricing) as gas
reserves are predominantly offshore in the eastern region and gas infrastructure is lacking (SKK Migas,
2015). These factors are coupled with abundant coal reserves that can be developed at low cost, which
are pushing Indonesia towards increasing coal-fired generation (DJK, 2015). To minimise the associated
CO, emissions, the government has established a Roadmap of Clean Coal Technology in Indonesia with
aims to develop SC/USC plants and also integrated gas combined cycle (IGCC) plants (DJK, 2015).

SCENARIO IMPLICATIONS

ENERGY INVESTMENTS

To build up the infrastructure needed to meet growing energy demand, Indonesia requires total
investment ranging from USD 661 billion to USD 1 684 billion from 2015 to 2040 (Table 7.4). The largest
shares of investment need to be directed towards upstream production and development (61% under the
low-cost estimate and 67% under the high-cost estimate) and power generation (26% and 18%,
respectively).

The downstream sub-sector covers refinery capacity additions needed to maintain the current share
(60% in 2013) of refinery production to total domestic oil demand over the Outlook period. Indonesia
needs to construct new refinery capacity of 1.0 million bbl/d by 2040. Unless significant progress is made
on projects currently under development, the economy might have to import natural gas. Energy
transport for oil, gas and coal (from source to ports or end-use facilities) will demand around 7% of total
investments in the low-cost and the high-cost estimates.
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Table 7.4 e Indonesia: Projected investments in the energy sector in the BAU Scenario, 2015-40

2012 USD billion PPP Low-cost estimate High-cost estimate

Upstream Oil 98 148
Gas 54 162
Coal 253 823
Subtotal 406 1133
Downstream Refinery 21 104
LNG import terminals 4.1 9.0
LNG export terminals 4.5 8.1
Biofuels Refinery 7.6 11
Subtotal 37 132
Electricity Coal 84 129
Gas 22 25
Hydro 15 24
Wind 1.3 1.6
Solar 1.6 2.2
Biomass and others 2.7 3.6
Geothermal 7.9 10
Transmission lines 18 44
Distribution lines 19 62
Subtotal 171 301
Energy transport Qil 1.3 2.6
Gas 23 64
Coal 22 52
Subtotal 47 119
Total 661 1684

Notes: Investment is estimated based upon a range of figures classified into the lowest and highest costs per unit of energy
facility/infrastructure capacity. This is to capture the variability in unit cost of similar energy facility/infrastructure depending on
certain conditions and peculiarities; Energy transport includes only pipeline (oil and gas), railroad (oil and coal) and coal import
facilities; ‘Biomass and others’ in electricity includes biomass, geothermal and marine.

Source: APERC analysis.

With electricity generation projected to increase by about threefold, investment will be needed to fund
109 GW of additional capacity, including expansion and refurbishment of transmission and distribution
(T&D) networks.

Figure 7.12 e Indonesia: Changes in investment requirements in the different Scenarios
compared with the BAU, 2015-40
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Note: The changes in investment requirements compare the Improved Efficiency and High Renewables Scenarios with the BAU low-cost
estimate only.
Source: APERC analysis.
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The Improved Efficiency Scenario leads to investment savings of USD 143 billion compared with the BAU
low-cost estimate, primarily because the 15% reduction in final energy demand lowers the need for
additional power generation capacity (requiring only 65 GW) (Figure 7.12). The need for additional T&D
networks declines correspondingly.

The investment requirement rises by USD 48 billion under the High Renewables Scenario (compared with
the low-cost estimate from the BAU), with power generation accounting for much of the increase due to
additional renewables capacity. Required average investment in power jumps by 99 USD billion due to
higher costs associated with increased generation capacity from renewables. Specifically, significant
increases by 2040 in solar and biomass power will drive up investment needs, as will the need to invest
in electricity storage capacity to optimise solar generation and biomass power.

Downstream investment requirements increase by USD 5.8 billion in the High Renewables Scenario as
higher blend rates increase demand for biofuels and subsequently for additional refinery capacity of about
67 million litres per day, a 120% increase from the BAU.

SUSTAINABLE ENERGY FUTURE

Indonesia's NEP specifically states that energy management should be ‘equitable, sustainable and
environmentally friendly to the creation of the self-reliance of energy and energy resilience’. To this end,
the government will encourage the use of domestic resources to meet domestic energy needs by
supporting increased use of new and renewable energy, gradually decreasing fossil energy exports and
reducing the subsidies allocated for oil and electricity. Additionally, the government has set targets to
transform the primary energy mix by 2025 and 2050, focusing on minimising the development and use of
oil, optimising coal and gas, and maximising renewable energy.

Enhancing energy security: Higher diversity, but substantial drop in self-sufficiency

In terms of primary energy supply diversity, higher renewable shares in the energy mix under the BAU
Scenario will help improve the Herfindahl-Hirschman Index (HHI) rating from HHI 0.29 in 2013 to HHI
0.26 by 2040, where a lower number indicates improved diversity (Table 7.5). The economy's level of
energy self-sufficiency, however, will drop significantly from 84% in 2013 to 64% by 2040 as sharply
rising demand (particularly of oil and gas) means 36% of energy will need to be imported.

Table 7.5 e Indonesia: Energy security indicators under the different Scenarios, 2013 and 2040

2013

Improved High Cleaner I:;g: '-(I;Iag:

Efficiency | Renewables| Coal 50% 100%
Primary energy
SUpPIVidiversityI(HHD) 0.29 0.26 0.26 0.28 0.25 0.26 0.28 0.25
Primary energy supply 84 64 68 70 64 59 53 65
self-sufficiency (%)
Coal self-sufficiency (%) 100 100 100 100 100 100 100 100
Oil self-sufficiency (%) 55 21 24 22 21 21 21 21
Gas self-sufficiency (%) 100 53 68 63 53 43 36 55
o 031  0.38 0.37 0.45 038 032  0.33 0.33

input fuel diversity (HHI)

Note: The Herfindahl-Hirschman Index (HHI) is a measure of market concentration and diversity.
Sources: APERC analysis and IEA (2015a).
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The NEP target to minimise the use of oil, particularly in transport, is well supported by mandates to
increase minimum biofuel blend rates and phase out fuel subsidies. To counter declining gas self-
sufficiency—from 100% to 53% under the BAU by 2040—the government needs to create an attractive
investment climate to boost exploration and development of new gas resources.

Overall, the Improved Efficiency and High Renewables Scenarios both have higher energy supply self-
sufficiency rates and provide greater energy security for Indonesia than the BAU or the Alternative Power
Mix Scenarios. The government would do well to pursue a combination of these scenarios, which
ultimately aligns with the NEP target to maximise renewable energy development and use to satisfy
energy demand while also encouraging energy conservation through various programs.

Climate change impacts and risks: Emissions rise with growing demand

Under its Intended Nationally Determined Contribution (INDC), Indonesia has unconditionally committed
to reduce greenhouse gas (GHG) emissions by 26% by 2020 and by 29% by 2030 below 2010 levels (a
proposed 41% reduction by 2020 is conditional on getting international support) (KLHK, 2015). The
unconditional reduction is economy-wide; however, the agriculture, energy and transport, and industry
sectors, which are the main energy consumers, contribute to only 6% (45 MtCO,) of the total GHG
emissions target of 767 MtCO, in 2020 (Bappenas, 2014). To achieve the INDC, the government needs to
implement other measures since energy is not the main contributor to GHG emissions reduction.

Under the BAU Scenario, total energy-related CO, emissions from Indonesia’s energy sector are expected
to increase at an AAGR of 3.8%, from 425 MtCO, in 2013 to 1 163 MtCO, in 2040 (Figure 7.13).
Continued dependence on coal makes electricity generation the highest contributor to rising CO,
emissions at 41% of total emissions in 2040.

The Improved Efficiency Scenario delivers the greatest reduction in emissions at 23% (897 MtCO,)
compared with the BAU (1 163 MtCO,) in 2040, followed by the High Renewables Scenario at 20% (931
MtCO,). Within the Alternative Power Mix Scenario, the High Gas 100% Case provides the greatest
reduction at 14% (999 MtCO,), followed by the Cleaner Coal Case at 10% (1 043 MtCO,).

Figure 7.13 e Indonesia: Final energy-related CO, emissions under the different Scenarios,
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Note: Energy-related CO, emissions include only domestic emissions from fuel combustion. It does not include emissions from: non-
energy use of fuel; industrial processes; and land use, land-use change and forestry (LULUCF).

Sources: APERC analysis and IEA (2015b).
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Trade-offs in the power sector in 2040: Improved Efficiency Scenario reduces costs
and emissions

The scenarios presented in this Outlook provide insights into the trade-offs each represents in terms of
average generation costs, emission level from the power sector and energy supply diversification (Figure
7.14). The High Gas 100% Case results in lower electricity generation CO, emissions, but has the second-
highest generation costs. The High Renewables Case offers the lowest electricity generation CO,
emissions level, while the need for storage for wind and solar pushes the average generation cost to the
highest level. The Cleaner Coal Case offers the lowest generation cost, but with the second-highest HHI
rating. The Improved Efficiency Scenario facilitates reduced energy demand; thus, even with the BAU fuel
mix, it delivers lower generation costs and the second-lowest electricity generation CO, emissions level.

Figure 7.14 ¢ Indonesia: Generation trade-offs under the different Scenarios, 2040
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RECOMMENDATIONS FOR POLICY ACTION

Over the Outlook period, Indonesia’s final energy demand will increase with oil remaining the dominant
fuel, particularly in domestic transport. Considering the economy has become a net oil importer and
import requirements are expected to increase, the government would do well to implement measures to
reduce oil consumption, such as expanding the fuel efficiency standards that currently apply only to the
‘Low Cost Green Car’ program to other vehicles. Better urban planning, including better public
transportation, could help restrain the expected rapid growth of vehicle ownership and thus road
congestion.

In response to high electricity growth and to increase the electrification rate, Indonesia is likely to
develop more coal-fired power plants under the BAU Scenario. To reduce associated GHG emissions, it is
strongly recommended that Indonesia pursue clean coal technology, including CCS, both for new power
plant projects and to replace old plants.

High installation and generation costs, particularly for solar and wind power, remain a hurdle to
developing renewable energy in Indonesia. Policy support is needed to reduce generation costs and
establish the renewable industry.
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KEY FINDINGS

® Total final energy demand is projected to fall due to Japan’s
declining population and modest economic growth, as well as continuous,
intensive efforts to improve energy efficiency in the transport and
buildings sectors. Japan’s energy intensity on a total final energy demand
basis improves by 39% from 2005 to 2035.

® The BAU Scenario implies long-term energy security challenges to
Japan. The economy’s energy self-sufficiency rate (including nuclear as
quasi-domestic energy) is projected to improve as nuclear power restarts
and renewables expand. In the long term, however, nuclear retirements
due to the '40-year lifetime rule’ increase dependence on fossil fuels,

lowering the self-sufficiency rate by 2040.

® To meet Japan’s INDC target, further policy actions are necessary
to accelerate energy efficiency improvements and the deployment
of low-carbon technologies. The energy-related CO, emissions
reductions in the BAU Scenario are well below the INDC target. However,
Japan can achieve its target under the Improved Efficiency Scenario

through additional energy efficiency and low-carbon measures.

® Japan has the potential to contribute significantly to the APEC
energy intensity goal and the APEC renewable energy goal. The
Improved Efficiency Scenario and High Renewables Scenarios respectively
show the pathways towards ‘'45% energy intensity improvements’ by
2035 from 2005 levels and to ‘more than doubling the renewables share

in Japan’s electricity and transport sector’ by 2030 from 2010 levels.
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ECONOMY AND ENERGY OVERVIEW

Japan’s gross domestic product (GDP) reached USD 4 633 billion in 2013, the third-largest in the world
after the United States and China (World Bank, 2015). The service sector accounted for approximately
three-quarters of total GDP in 2013, followed by the manufacturing sector at about 20% (CAO, 2015a).
Under the Business-as-Usual (BAU) Scenario, GDP is projected to grow, at 1.1% per year on average to
2040, while Japan’s population, which has been declining since 2008, is expected to fall to 114 million by
2040 due to increasingly low birth rates. It is important to note here that the definition of the BAU
Scenario in this Outlook is different from the Japanese Government’'s Long-Term Energy Demand and
Supply Outlook (the government’s outlook) published in July 2015 (for detail, see Energy Policy Context
below). The BAU Scenario in this Outlook is based on existing policies, while the government outlook
includes new policies and ambitious assumptions as well; for example, the projected GDP growth above is
lower than the government’s outlook as the government’s outlook assumes a ‘revitalised economy’ (1.7%
per year on average).

Despite being the third-largest economy in the world, Japan depends on other Asia-Pacific Economic
Cooperation (APEC) economies and countries for its energy supply because its domestic energy sources
are very limited. Diversifying fuel sources has been Japan’s main strategy for improving energy security
since the two oil crises in the 1970s. Japan lowered oil dependence from 72% of total primary energy
supply (TPES) in 1970 to 41% in 2010%; coal’s share of TPES grew to 23%, gas’s share to 17% and
nuclear’s share to 15% by 2010 (IEA, 2015a).

Table 8.1 e Japan: Macroeconomic drivers and projections, 1990-2040

1990 2000 2010 2013 2020 2030 2040

GDP (2012 USD billion PPP) 3701 4 146 4510 4 633 4 994 5679 6 246
Population (million) 122 126 127 127 125 120 114
GDP per capita (2012 USD PPP) 30 273 32976 35419 36 488 40 017 47 241 54 625
APEC GDP per capita (2012 USD PPP) 9 169 11482 15459 17047 21298 28216 35913
TPES (Mtoe) 439 519 499 455 454 439 410
TPES per capita (toe) 3.6 4.1 3.9 3.6 3.6 3.7 3.6
APEC TPES per capita (toe) 2.1 2.3 2.7 2.8 3.2 3.4 3.5
Total final energy demand (Mtoe) 298 341 322 311 308 294 277
T B
APEC final energy intensity per GDP 164 135 113 110 100 80 64
(toe per 2012 USD million PPP)

Energy-related CO, emissions (MtCO;) 1 049 1157 1126 1235 1 088 997 970
APEC emissions (MtCO,) 11937 14204 18463 20436 23047 24686 25255
Electrification rate (%) 100 100 100 100 100 100 100

Notes: GDP is measured in USD billion at the 2012 currency exchange rate, using purchasing power parity (PPP) to facilitate
comparison across economies. Unless otherwise indicated, references to costs and investments are expressed in 2012 USD PPP;
TPES = total primary energy supply.

Sources: IEA (2015a, 2015b) and World Bank (2015) for historical data; APERC analysis for projections.

The Fukushima Daiichi nuclear power accident in March 2011 made it more difficult for Japan to pursue
its '3E+S’ policy - ‘Energy security, Economic efficiency and Environment on the premise of Safety’. After
all nuclear plants were shut down because of the accident’s impact, the energy self-sufficiency rate
(including nuclear energy) declined from 20% in 2010 to 6% in 2013 (IEA, 2015a). Electric power utilities

1 The most recent year before the Fukushima Daiichi nuclear power plant accident in March 2011.
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raised residential electricity prices by about 20% and industrial prices by 30% from fiscal year? (FY) 2010
to FY 2013, primarily because of additional fuel costs (METI, 2015a). In addition, energy-related CO,
emissions in 2013 increased by 18% from 1990 and 3% from 2005, to reach about 1 235 million tonnes
of carbon dioxide MtCO,/year (IEA, 2015b).

ENERGY RESOURCES

Japan has limited indigenous fossil fuel resources, resulting in its low energy self-sufficiency rate (6.1%).
Japan’s estimated domestic coal reserves are about 350 million tonnes (Mt), equivalent to only twice
2013 annual consumption, and natural gas reserves are 20 billion cubic metres (bcm), only one-fifth of
2013 annual consumption (BP, 2015).

Japan has a variety of potential renewable energy sources, including solar, onshore/offshore wind,
geothermal and hydro. However, it faces technical, environmental and economic challenges to developing
renewables3 Of onshore wind installation potential, 75% is in Hokkaido and Tohoku, far from the major
electricity consumption areas (MOE, 2013). More than 70% of geothermal potential is within Japan’s
National Park Areas, where environmental regulations limit constructing facilities (MOE, 2012).
Government authorities are discussing how to overcome these barriers. The Ministry of Economy, Trade
and Industry (METI) has reviewed the operation rules of inter-regional transmission lines to utilise
renewable energy as well as ensure a stable electricity supply (METI, 2015b). In addition, the ministry
has estimated transmission costs from wind resource locations to demand centres for future
infrastructure enhancements. METI also financially supports utilities’ demonstration projects for large-
scale battery systems for renewable energy integration, including a demonstration of a redox flow battery
system (60 megawatt-hours [MWh]) in the Hokkaido area and a lithium-ion battery system (20 MWh) in
the Tohoku area (METI, 2015b). As for geothermal, the Ministry of the Environment (MOE) relaxed
regulations in 2012 to allow horizontal directional drilling in Class II and Class III National Park Special
Zones”? (MOE, 2012). In October 2015, further deregulation conducted by MOE also allowed for horizontal
directional drilling in the Class I National Park Zone (MOE, 2015).

ENERGY POLICY CONTEXT

METI is responsible for designing Japan’s energy policy. In April 2014, the cabinet approved the revised
Strategic Energy Plan, drafted by the Strategic Policy Committee of the Advisory Committee for Natural
Resources and Energy, which is an advisory panel of METI. This is the fourth plan based on the 2002
Basic Law on Energy Policy, and provides general policy direction for Japan’s energy sector after the
Great East Japan Earthquake and the subsequent nuclear accident in March 2011.

The revised plan states that the period from 2014 to around 2018 to 2020 is devoted to reforming the
electricity and gas systems into a more liberalised and competitive energy market (METI, 2014a).
Electricity system reform after the earthquake focuses mainly on three stages: 1) establishing the
Organisation for Cross-regional Coordination of Transmission Operators (OCCTO)® in April 2015; 2) full
retail competition from April 2016; and 3) legal unbundling of the transmission/distribution sector from
2020 and a transition to overall liberalisation of retail prices after the unbundling. To avoid a monopoly
after retail liberalisation in 2016, retail tariffs of designated utilities will be regulated as a transitional
measure, and then gradually deregulated after legal unbundling. Amendments to the Electricity Business
Act for the three stages were enacted in November 2013, June 2014 and June 2015.

2 The fiscal year in Japan starts on 1 April.

3 ‘Renewables’ includes hydro, solar, wind, geothermal, biomass and marine; when ‘other renewables’ is used, hydro is not included.

4 National Park Areas are classified into three categories: Special Zone, Marine Park Zone and Ordinary Zone. Special Zone is further divided into Special
Protection Zone, Class I Special Zone, Class II Special Zone and Class III Special Zone.

5 OCCTO aims to promote the development of electricity transmission and distribution networks and to enhance the economy-wide function of balancing
demand and supply in normal and emergency situations (METI, 2014b).
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Amendments to the Gas Business Act were enacted in June 2015 to fully liberalise the gas retail market
by about 2017 and to legally unbundle gas pipes owned by three city gas utilities, Tokyo Gas, Osaka Gas
and Toho Gas, by April 2022 (METI, 2015c).

In general, however, market liberalisation leads utilities to pursue short-term gains. Without regulated
tariffs, utilities are less inclined to make long-term investments in capital-intensive infrastructure, such as
grid and nuclear power. In addition, future massive integration of renewables into the electricity market
would lower the wholesale prices and capacity factor of fossil fuel plants, reducing the profitability of
generation facilities and creating a further disincentive for investment. Japan needs to continue
discussions about how to secure the long-term infrastructure capacity for a stable energy supply.

Under the latest Strategic Energy Plan, Japan will decrease nuclear dependence while strengthening
energy efficiency and expanding renewable energy use. Accordingly, in July 2015, the Long-Term Energy
Supply and Demand Subcommittee of the abovementioned Advisory Committee concluded Japan’s Long-
Term Energy Supply and Demand Outlook. The Committee projected energy demand to 2030 using
macroeconomic indicators, and calculated total energy savings with a bottom-up estimation about
sectorial savings potential. The government’s outlook indicates an electricity mix, primary energy demand
and supply, and energy-related CO, emissions (METI, 2015d), and aims to ensure the ‘3E+S’ policy
where ‘Safety’ is the foremost condition. It has three steps: 1) increase energy self-sufficiency (including
nuclear as a quasi-domestic energy) to 24.3% from 6% in 2012; 2) lower electricity costs by 2% to 5%
from 2013 fiscal year levels; and 3) reduce total greenhouse gas (GHG) emissions by 26% from 2013
fiscal year levels.

The government’s outlook aims for a well-balanced power mix where nuclear accounts for 20% to 22% of
total generated electricity, renewables for 22% to 24%, liquefied natural gas (LNG) for 27%, coal for
26% and oil for 3% (METI, 2015d). The share of nuclear is smaller than before the earthquake (when it
was around 30%), thus lowering nuclear dependence. Within renewables, the two largest sources are
hydro, accounting for 8.8% to 9.2%, and solar (7%).

The government’s outlook assumes radical energy savings of 17% in electricity demand and 13% in final
energy consumption from the baseline.® Economy-wide efforts—especially in the commercial and
residential sub-sectors, which account for 47% of final consumption savings—are necessary to realise the
government’s outlook goals. Projected demand assumes a 1.7% economic growth rate based on the
‘revitalised economy’ policy (CAO, 2015b), which assumes higher growth than recent actual trends and
the BAU Scenario in this Outlook.

¢ These savings are deducted from the denominator of the aforementioned energy and electricity mix in the government’s outlook.
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BUSINESS-AS-USUAL SCENARIO

The BAU Scenario in this Outlook is based on existing policies, which is different from the government’s
outlook published in July 2015 (METI, 2015d) that also includes new policies. For example, the BAU
Scenario assumes a more conservative outlook for nuclear than the government’s outlook (Table 8.2).

Table 8.2 e Japan: Key assumptions and policy drivers under the BAU Scenario

Buildings * Efficiency improvements of household and office appliances due to the Top Runner Program.

Industry ° Procurement boom in 2010s due to reconstruction from the Great East Japan Earthquake and
Olympic Games.
* Implementation of cost-effective technology improvements.

Transport ° Fuel economy improvements through Top Runner Program.
* Biofuel supply mandate for oil refining companies.

S A VA e ° Continue policies to improve energy self-sufficiency.

Power mix * Fossil fuel: gas-fired dominates new fossil fuel capacity additions based on power producer’s
plan as of 2015.

* Nuclear: 40-year lifetime rule, except for reactors whose retirements have been announced
or whose lifetime extensions are being examined by the Nuclear Regulation Authority (NRA)
as of 2015. Additions of three new reactors under construction as of before the earthquake.

Renewables ° Feed-in tariff, but gradually reduce purchase prices.

Energy security * Continue policies to decrease oil dependence and diversify fuel sources.

Climate change * Work towards but not achieve the Intended Nationally Determined Contribution (INDC)
target of 26% GHG emissions reduction (25% energy-related CO,) by FY 2030 from FY 2013.

Note: This table summarises the main policies assumed within the BAU Scenario; it is not intended as a comprehensive list of all energy
policies.

RECENT TRENDS AND OUTLOOK FOR ENERGY DEMAND

Japan relied heavily on oil for 72% of primary energy supply in 1970 (IEA, 2015a). During the oil crises
of the 1970s, the government realised that its energy structure was fragile and that efficient energy use
was vital. Japan therefore enacted the Energy Conservation Law in 1979, which contains energy
efficiency standards. Final energy intensity improved by 35% from 1980 to 2012, due in particular to
intensive efforts in industry. The industrial sector curbed final energy demand by 43% from FY 1973 to
FY 2013, in terms of final energy demand per Indices of Industrial Production (IIP) (METI, 2015a). The
buildings and transport sectors, by contrast, continuously increased final consumption except during the
oil crisis periods (METI, 2015e). To further improve energy efficiency in these sectors, in 1998 Japan
introduced the Top Runner Program, which covers more equipment and has higher standards than the
Energy Conservation Law. Various kinds of appliances and equipment have shown large efficiency
improvements.” Japan revised the Energy Conservation Law in 2013, widening the scope of the program
to include construction materials® and energy-consuming equipment, such as refrigerators for commercial
use, printers and light-emitting diode (LED) lamps. As of March 2015, the program expanded to 31 items,
from 9 items in April 1998 when the program started (METI, 2015e).

Over the projection period, energy efficiency measures and modest economic growth result in a
downward trend for final energy demand (Figure 8.1), from 311 million tonnes of oil equivalent (Mtoe) in
2013 to 277 Mtoe in 2040, at an average annual growth rate of -0.4%. This results in declining final
energy intensity, from 67 toe per USD million in 2013 to 44 toe per USD million in 2040. Over the APEC
energy intensity goal period (2005 to 2035), this reduction is equivalent to a 39% improvement,

7 For example, from Japanese FY 2005 to Japanese FY 2010, electric refrigerators for residential use achieved a 43% efficiency improvement, larger than the
initial expectation (21%). Although air conditioners (ACs) (non-ducted/wall-mounted AC units, 4 kilowatts [kW] or less) did not reach the expectation
(22.4%), the appliance has shown a 16.3% improvement.

8 The standards for insulation materials were specified.
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contributing towards the APEC-wide target.” The demand decline is driven by the transport sector, in
which demand decreases by 31% from 2013. Demand in the buildings sector also drops by 10%, but this
sector still retains a dominant share at around 40% of total final demand. The industry sector shows
small changes compared with the transport and building sectors.

Figure 8.1 e Japan: Final energy demand by sector, 2000-40
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Note: Transport refers only to domestic transport.
Sources: APERC analysis and IEA (2015a).

Buildings energy use: Fuel shifts to electricity and efficiency measures succeed

The residential and commercial sub-sectors retain the dominant share of energy demand in the buildings
sector, with residential buildings accounting for 39% (46 Mtoe) and commercial for 57% (67 Mtoe) in
2013 (IEA, 2015a). Other non-specified buildings and agriculture account for the remainder. The Top
Runner Program has helped improve energy efficiency in buildings significantly.*®

Figure 8.2 e Japan: Buildings sector final energy demand, 2000-40
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Sources: APERC analysis and IEA (2015a).

The Top Runner Program continues to curb overall energy demand over the projection period. By 2040,
energy demand is expected to decline by about 16% in residential and by 4% in commercial buildings.
Both the residential and the commercial sub-sectors become more electricity-intensive over the
projection period. Buildings’ share of electricity demand increases from about half in 2013 to 60% in
2040; in contrast, the sector’s share of oil demand drops from about 30% to 20%. One of the main

° The APEC energy intensity goal is an APEC-wide collective target, not a target for each economy. As the denominator of energy intensity remains to be
specified, this Outlook uses final energy demand for analysis.
10 See Footnote 7.
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causes is energy source shifting, mainly for space heating, from oil products (such as kerosene for oil
heaters) to electricity for air conditioning. Higher penetration of household appliances and office
equipment also pushes up buildings’ share of electricity. Gas consumption jumped from 18 Mtoe in 2000
to 26 Mtoe in 2013 due to the deployment of gas cogeneration facilities for air conditioning and hot water
supply in the commercial sub-sector.

Industry energy use: Holding steady

Japan’s industrial demand dropped from 2000 to 2013 mainly due to the global financial crisis in 2008
and the earthquake in 2011. Industrial demand declined in 2008 by 10% compared with the previous
year, from 94 Mtoe to 85 Mtoe (IEA, 2015a). Demand recovered after the recession, but the earthquake
pushed the sector’s energy demand down again, to 82 Mtoe in 2013.

Industrial energy demand is projected to remain close to the 2013 level, with an increase of 0.054% per
year from 2013 to 2020 and a decline of 0.16% on average per year from 2020 to 2040. Overall average
annual growth rate (AAGR) is -0.11% per year. With the Tohoku area still under reconstruction after the
earthquake and Tokyo preparing to host the 2020 Olympic Games, large infrastructure investments are
planned over the next few years. Energy demand in the construction sub-sector shows an 8% increase by
2020, the largest growth among the sub-sectors. In contrast, when reconstruction and the Olympics are
over, total industry energy demand flattens and then declines because of the economy’s structural issues,
including a shrinking working-age population and low birth rates.

Figure 8.3 e Japan: Industry sector final energy demand, 2000-40
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Note: The three most energy-intensive sub-sectors in the APEC region are iron and steel, chemicals and petrochemicals, and non-
metallic minerals.
Sources: APERC analysis and IEA (2015a).

Transport energy use: Curbed thanks to fuel economy improvements

Road transport has been dominating transport energy demand in Japan. Over the last decade, fuel
economy of both passenger and freight vehicles has shown large improvements under the Top Runner
Program,** with transport energy demand peaking after 2001 (IEA, 2015a).

Over the Outlook period, further fuel economy improvements are expected under the program, while
vehicle stock and average vehicle travel become saturated mainly due to the population structure. This
results in the declining trend in total transport demand, in absolute terms, from 73 Mtoe in 2013 to
51 Mtoe in 2040, equivalent to an AAGR of -1.4%. In contrast with the changes in road transport, energy
demand for water, air and rail transport remains close to current levels (together about 9 Mtoe).

11 For example, from FY 1995 to FY 2010, fuel economy of passenger and freight vehicles improved by 48.8% and 13.2%, respectively.
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Figure 8.4 e Japan: Domestic transport sector final energy demand, 2000-40
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Gasoline and diesel fuel consumption declines in absolute terms, but still dominates total transport
energy demand, at more than 90% over the projection period. Despite the modest impacts on total
transport energy demand, gradual shifts to alternative-fuel vehicles? occur in light vehicles after 2020,
reaching a share of 11% of light vehicle stock in 2040. The main alternative vehicle types are projected
to be PHEVs and BEVs as they are compatible with existing infrastructure and as the economics of battery
systems improve. Vehicle stock reaches 5.5 million for PHEV and 1.9 million for BEV by 2040.

RECENT TRENDS AND OUTLOOK FOR ENERGY SUPPLY

Primary energy supply: Continues to rely on fossil fuel

From 2000 to 2013, TPES showed two significant drops: in 2008 because of the economic recession and
in 2011 because of the earthquake (IEA, 2015a). TPES decreased by 12% from 519 Mtoe in 2000 to
455 Mtoe in 2013. Non-fossil fuels, which accounted for 19%™** in 2010, dropped to 5.4% in 2013 due to
the earthquake and subsequent nuclear shutdown.

Under the BAU Scenario, Asia Pacific Energy Research Centre (APERC) analysis shows that continuous
energy conservation efforts and energy efficiency improvements on the consumption side help to bring
TPES down further, to 410 Mtoe by 2040. However, although Japan becomes a more energy-efficient
economy and renewables expand in the electricity sector, the economy continues to rely on fossil fuels in
the long term. The non-fossil share recovers to 18% in 2025 because of nuclear restarts, but the 40-year
lifetime regulation for nuclear reactors is projected to push the share down to 13% by 2040. Renewables
show strong growth in the power generation, driven mainly by solar photovoltaic (PV) power. This results
in the increasing share of renewables in TPES, from 4% in 2010 to 7% by 2030 and 8% by 2040;
however, the share still remains modest due to limited use of renewables in other sectors.

Among fossil fuels, oil supply decreases from 202 Mtoe in 2013 to 139 Mtoe in 2040, mainly because of
fuel economy improvements in the transport sector, fuel shifting from oil to electricity in the buildings
sector and a decline in oil-fired generation in the electricity sector. The trends in gas supply are driven by
the power generation mix. Nuclear restart is expected to reduce the gas-fired generation currently
utilised for base load, but again, nuclear retirements increase the need for gas after 2025.

12 plug-in hybrid electric vehicles (PHEVs), battery electric vehicles (BEVs), fuel cell vehicles, clean diesel vehicles, liquefied petroleum gas (LPG) vehicles and
compressed natural gas (CNG) vehicles.
13 Of which nuclear accounts for 15%.
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Figure 8.5 e Japan: Total primary energy supply by fuel, 2000-40
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Energy trade: Imports shift from oil to coal and gas

Japan has been a net energy importing economy for more than 40 years. The energy self-sufficiency rate
was 6.1% in 2013. Japan was APEC’s (and the world’s) third-largest oil consumer after the United States
and China, and APEC’s third-largest (and the world’s fourth-largest) coal consumer after China and the
United States in 2013.* Japan imports natural gas in the form of LNG, accounting for 37% of the total
world LNG trade in 2013 (BP, 2015). Since the 1970s oil crises, Japan has been diversifying the origin of
energy imports to enhance energy security. Japan still depends heavily on the Middle East for the bulk of
its oil supply: 84% in FY 2013. (METI, 2015a); in contrast, the economy has strategically diversified gas
and coal supplies, which are widely distributed across the world and in politically stable regions. For
example, as for gas supply, Japan’s dependence on the Middle East was 30% in FY 2013, much lower
than oil (METI, 2015a).

Japan remains a major energy importer over the Outlook period, but the composition of imports shifts
away from oil towards more diversified sources. Japan’s net energy imports amounted to 437 Mtoe in
2013, of which net oil imports accounted for about half (212 Mtoe). By 2040, total net energy imports are
projected to decline to 367 Mtoe, with a reduction in net oil imports to 154 Mtoe and slight increases in
gas and coal. QOil’s share of net imports declines to 42% in 2040.

Figure 8.6 e Japan: Net energy imports, 1990-2040
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14 India was the world’s third-largest coal consumer in 2013.
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The BAU Scenario incorporates electricity market reforms, which aim to optimise economy-wide power
generation. The BAU also includes policy directions and regulations, including the Strategic Energy Plan
and the Nuclear Reactor Regulation Act, as well as power producers’ power development plans. The
Strategic Energy Plan established in 2014 emphasised that Japan will decrease nuclear dependence while
strengthening energy efficiency and expanding renewable energy use (METI, 2014a). The Nuclear
Reactor Regulation Act, amended in 2012, stipulates that the reactor lifetime is 40 years and operators
can extend only once, up to 20 years with an approval from the NRA (e-Gov, 2014). The BAU assumes
the ‘40 years rule’ for all plants, except for five reactors that will be retired*® (OCCTO, 2015) or reactors
whose lifetime extensions are being examined by the NRA as of 2015 (NRA, 2015). The BAU also includes
new installation of three reactors in the 2020s, which are currently under construction.*® In August 2015,
Sendai power plant became the first to restart under the new regulatory scheme. Nuclear reactors are
expected to gradually restart from 2015 after receiving regulatory approval from the NRA. OCCTO is
obliged to summarise power producers’ supply plans and submit them to METI every year. As of mid-
2015, gas-fired generation dominated new fossil fuel capacity additions in power producers’ long-term
plans, with 16 gigawatts (GW) out of approximately 22 GW7 by 2028 (OCCTO, 2015). The BAU assumes
these existing policies and plans continue over the projection period.

Under the BAU Scenario, Japan’s electricity demand growth is one of the lowest in the APEC region, 0.3%
per year, because of the mature economy and further energy efficiency improvements in end-use sectors.
However, despite the modest growth in electricity demand, total power generation capacity grows by
21% due to expansion of variable renewable energy (solar and wind power) with low capacity factors. By
2040, the net increase®® in variable renewables capacity amounts to about 80 GW, whereas that of fossil
fuel-fired capacity is 4.9 GW. Solar PV drives the expansion of variable renewables as the feed-in tariff
system improves investment opportunities. Solar PV capacity grows from 14 GW in 2012 to 69 GW by
2030 and 84 GW by 2040.

Figure 8.7 e Japan: Power capacity and generation by fuel, 2013-40
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In the short- to mid-term, nuclear restart reduces gas and oil generation in the power mix, which jumped
after the nuclear disaster; in the long-term, however, dependence on gas-fired generation resumes as
nuclear plants are retired. In 2030, the BAU power generation mix includes renewables (19%), nuclear
(16%), coal (32%), gas (30%) and oil (3%). Driven by solar PV, renewables increase to 21% by 2040. In

15 Tsuruga-I, Mihama-I, Mihama-1I, Shimane-I and Genkai-I nuclear power plants.

16 Shimane-1II, Oma and Higashidori-I nuclear power plants.

17 These values include plants currently under construction (fossil fuel fired total: 7.24 GW), plants in preparation for construction (7.47 GW) as well as long-
term plans (6.40 GW).

18 New capacity additions minus retirements.
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2040, flexible generation such as gas and oil mainly satisfies the need to manage the intermittency from
variable renewables such as solar and wind. The Strategic Energy Plan reaffirms the importance of coal
for low-cost baseload generation. Under the BAU Scenario, coal accounts for more than 30% of annual
supply over the period.

The share of renewables and nuclear in the generation mix does not reach the level in the Long-Term
Energy Supply and Demand Outlook of the Japanese Government. Several renewables reach or are close
to the level in the government’s outlook in terms of generation; however, the government’s outlook
assumes lower demand due to drastic energy savings, resulting in a higher share for renewables than in
the BAU Scenario. As for nuclear generation, the government’s outlook projects about 217-232 terawatt-
hours (TWh) in 2030, much higher than the BAU (183 TWh). To achieve the government’s outlook level,
further new reactor additions and/or lifetime extensions would be necessary. The BAU implies that the
economy needs to focus on policies to promote energy savings as well as to increase public acceptance of
long-term nuclear utilisation.

ALTERNATIVE SCENARIOS

This Outlook discusses three independent Alternative Scenarios—Improved Efficiency, High Renewables
and Alternative Power Mix—in Japan.'® The Improved Efficiency and the High Renewables Scenarios
include the Japanese Government’s targets for higher penetration of energy-efficient equipment and
renewable energies, respectively. These scenarios discuss Japan’s potential contribution to the APEC
energy intensity goal and renewable energy goal. The Alternative Power Mix Scenario focuses on the
electricity sector, and discusses the opportunities and challenges of alternative electricity supply options.
Among these Alternative Scenarios, the Improved Efficiency Scenario achieves energy-related CO,
emissions reduction close to Japan’s INDC level. The High Renewables Scenario and the High Nuclear
Case in the Alternative Power Mix Scenario largely improve the primary energy self-sufficiency rate.

IMPROVED EFFICIENCY SCENARIO TO SUPPORT APEC ENERGY INTENSITY GOAL

The Improved Efficiency Scenario explores energy efficiency opportunities to help APEC meet its target of
reducing energy intensity by 45% between 2005 and 2035.2° This scenario assumes Japan achieves its
major targets for higher energy efficiency. In the buildings sector, this scenario includes the target for
energy-efficient equipment; for example, the penetration of LED lights in residential and commercial sub-
sectors is assumed to reach 100%, the level targeted by METI (2014a), which is much higher than the
level in the BAU (about 25%). In the transport sector, this scenario assumes a higher share of ‘next-
generation vehicles’?! in vehicle sales, reaching 50% by 2030, which is within the range (from 50% to
70%) targeted by METI (2014a) and much higher than the BAU (25%). In the industry sector, the
scenario assumes energy efficiency upgrades mainly in the less energy-intensive industries because the
more energy-intensive sub-sectors have already carried out energy efficiency upgrades.

The Improved Efficiency Scenario shows Japan’s potential to contribute to APEC’s energy intensity goal.
In the BAU, Japan’s energy intensity reduction of 39% on the basis of final energy demand is below the
APEC-wide target level. Final energy demand decreases under the Improved Efficiency Scenario, for
example, by 10% (-30 Mtoe from the BAU) in 2035 (Figure 8.8). These savings achieves a 45% reduction
by 2035. In absolute terms, intensity falls from 78 toe per USD million in 2005 to 43 toe per USD million
in 2035, an improvement of about 5 toe per USD million from the BAU. The Improved Efficiency Scenario
shows the largest energy-related CO, emissions reduction across all Alternative Scenarios, -30% in 2030
from the 2013 level, achieving Japan’s INDC level of a 25% reduction in energy-related CO, emissions.??
This scenario implies that energy efficiency measures have a large potential to reduce energy-related CO,

19 For more details about the Alternative Scenario assumptions, see Chapters 5 to 7 in Volume I.

20 See Footnote 9.

21 Next-generation vehicles in this chapter include hybrid vehicles, PHEVs, BEVs, fuel cell vehicles, clean diesel vehicles, LPG vehicles and CNG vebhicles.
22 japan’s INDC is calculated on a fiscal year basis, while APERC’s analysis uses calendar years.

APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II 135



8. JAPAN

emissions. All sectors contribute to energy savings. Of total savings in 2035, industry accounts for 34%,
transport for 22% and buildings for 44% (Figure 8.8). These savings are equivalent to reductions from
the BAU of 13% in industry (-10 Mtoe from the BAU), 12% in transport (-7 Mtoe) and 12% in buildings
(-13 Mtoe). These results imply that continuous efforts are required across all sectors to achieve the
regional goal level.

Figure 8.8 e Japan: Potential energy savings in the Improved Efficiency Scenario, 2015-40
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HIGH RENEWABLES SCENARIO TO SUPPORT APEC DOUBLING RENEWABLES GOAL

The High Renewables Scenario focuses on the electricity and transport sectors, and shows a path to
achieve the doubling renewables goal in the APEC region.?® This scenario assumes that each APEC
economy'’s targets for renewable energy are achieved, such as the government’s outlook (METI, 2015d)24,
and in some economies exceeds the target, when it is cost-competitive and it assists the APEC region to
meet the goal (see Chapter 6 in Volume 1 for a detailed explanation). In the transport sector,
productivity improvements for biofuel feedstock are assumed as well. The High Renewables Scenario
shows Japan’s contribution potentially needed for doubling renewable energy in the APEC region.

Under the BAU Scenario, the share of renewables increases, driven by solar PV, from 4% in 2010 to 7%
in 2030 in TPES and from 12% to 19% in the power mix; however, the share does not meet the doubling
level, and the total renewable generation does not reach the government’s outlook. In the transport
sector, the BAU projects limited demand for biofuels at 1% of transport energy demand in 2030. In 2009,
Japan enacted the Law Concerning Sophisticated Methods of Energy Supply Structures, which requires oil
refining companies to increase biofuel supply to 500 000 kilolitres (kl) per year (approximately 450 ktoe
per year) by 2017. The BAU assumes that level of supply is reached by the target year.

Under the High Renewables Scenario, renewables show large growth both in the power mix and in
transport. The share of renewables almost triples in TPES, from 4% in 2010 to 11% by 2030. This results
in @ more environmentally sustainable and self-sufficient energy system. Energy-related CO, emissions
are about -23% from the 2013 level. The energy self-sufficiency rate improves from 6% in 2013 to 22%
by 2030 and 19% by 2040, about three and five percentage points higher than the BAU, respectively.

23 The APEC renewable energy goal aims to double renewables by 2030 from 2010 levels. It is an APEC-wide collective target, and does not specify a target
for each economy. For the High Renewables Scenario the target is based on final energy in the power and transport sectors. APERC analysis excludes
traditional use of biomass from renewable energy, but includes other types such as biomass for power generation and large-scale hydro. The definition of
this goal is under discussion at the Expert Group on New and Renewable Energy Technologies.

24 The High Renewables Scenario assumes that each type of renewable’s share reaches the range in the government’s outlook.
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Figure 8.9 e Japan: Power sector under the High Renewables Scenario, 2013-40
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In the power mix, the share of renewables exceeds the doubling levels, reaching 26% in 2030 from 12%
in 2010. The main driver is again solar PV, increasing its share from 1% in 2013 to 8% in 2030. Other
types of renewables also grow; for example, hydro generation increases from 78 TWh in 2013 to 98 TWh
by 2030 as the High Renewables Scenario assumes relaxation of generator siting constraints, including
environmental regulatory barriers. However, compared with solar PV, other types of renewables show
modest growth of one to two percentage points from 2013 to 2030 (and from the 2010 level as well), due
to technical and economic challenges, including resource availability, regional resource imbalances and
grid connection issues. Variable renewable power capacity reaches 95 GW in 2030 (85 GW solar and
10 GW wind). As in the BAU, flexible generation, such as gas and oil (total 95 GW), as well as pumped
hydro storage, play a major role as a backup for variable renewable power.

In the transport sector, the High Renewables Scenario envisages a large jump in the use of renewables.
To contribute to the APEC goal of doubling renewables’ share, Japan needs to increase biofuel use to
1 370 ktoe by 2030 (up from 710 ktoe in the BAU). In the BAU, the number of cars using biofuels is
assumed to be saturated after the biofuel target year (2017) because of cost-competitiveness issues in
Japan, where sunshine hours are short for economical biofuel production. In addition, improved fuel
economy reduces biofuel blended gasoline consumption, resulting in a declining trend in biofuel demand
in the BAU. To increase biofuel consumption as illustrated in this scenario, Japan needs to widely use E3
(a fuel mixture of 3% bioethanol and 97% gasoline) as well as E10, which would require drastic changes
in road transport fuel supply policies.

Figure 8.10 e Japan: Bioethanol demand and supply potential in the BAU and High Renewables
Scenarios, 2010-40
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ktoe

o

APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II 137



8. JAPAN

ALTERNATIVE POWER MIX SCENARIO

The electricity generation sector accounted for 45% of CO, emissions in APEC and 40% in Japan in 2013,
due to a high share of fossil fuels in the power mix. In the BAU, fossil fuels, especially coal, are expected
to remain a predominant source in APEC and Japan by 2040. Fossil fuels still account for about 60% of
generation in 2030 in both the Improved Efficiency and the High Renewables Scenarios (and for 50% in
the combined scenario?®), suggesting the importance of cleaner use of coal as well as shifts to lower-
carbon technologies (excluding renewables, which are discussed in the High Renewables Scenario).
Therefore, APERC set up the Alternative Power Mix Scenario, aiming to evaluate the potential
opportunities and barriers of lower-carbon alternatives with a focus on the three major thermal-based
generation technologies: cleaner coal technologies for coal-fired generation (the Cleaner Coal Case),
accelerated deployments of more efficient gas-fired technology (the High Gas 50% and the High Gas
100% Cases) and accelerated nuclear utilisation (the High Nuclear Case). All four cases apply to Japan.

Figure 8.11 e Japan: The BAU and Alternative Power Mix Scenarios by Case, 2013 and 2040

1200 600
2 Other renewables
. B B B = Hydro
800 400
9 7S @ 7S < = 0il
2 2 G
; g as
= Coal
F 400 200 &
= Nuclear
# Emissions intensity
0 0

Actual BAU Cleaner High Gas High Gas High
Coal 50% 100% Nuclear

‘ 2013 ‘ 2040
Sources: APERC analysis and IEA (2015a, 2015b).

The Cleaner Coal Case assumes that more efficient generation technologies such as advanced ultra-
supercritical (A-USC) or integrated gasification combined cycle (IGCC) replace new coal generation
capacity in the BAU from 2020 and are equipped with carbon capture and storage (CCS) from 2030. Thus,
this case shows the similar power generation mix as the BAU but with lower emissions. New additions of
advanced coal technologies (without CCS) amount to 2 GW in the 2020s and installation of CCS-equipped
advanced coal reaches 6 GW by 2040. Large emissions reductions can be expected, especially after 2030,
due to the use of CCS; annual emissions reductions in the electricity sector are estimated to be 0.24% in
2030 and to expand to 7.2% in 2040. Japan has a large electricity market (total capacity in 2030:
310 GW; total coal-fired: 46 GW) and average efficiency is already among the world’s highest. So 2 GW
of capacity with advanced technologies (but without CCS) improves average coal-fired conversion
efficiency by less than one percentage point, resulting in modest reductions by 2030. These results imply
that CCS would be the key technology for cleaner use of coal.

The High Gas 50% and the High Gas 100% Cases assume that new coal-based generation capacity in the
BAU Scenario is replaced by combined-cycle gas turbines (CCGT) from 2020 at 50% and 100% levels of
replacement respectively. Higher gas prices are applied to these cases as global gas demand and supply
are assumed to be tighter. Although natural gas provides environmental benefits because its energy-
related CO, emissions are lower, this fuel switch may weaken fuel diversification (Table 8.4). The share of
gas-fired generation increases from 36% in 2040 in the BAU to as much as 45% in the High Gas 100%
Case, resulting in reducing power sector emissions by 7% in 2040. However, this increases reliance on a
single fuel and increases generation cost by 10% by 2040, mainly because of higher fuel costs.

25 See Box 9.2 in Volume I for the APEC total trend in the combined scenario.
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Figure 8.12 e Japan: Power generation cost in the BAU and Alternative Power Mix Scenarios by
Case, 2013 and 2040
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Source: APERC analysis.

The High Nuclear Case assumes that a 20-year lifetime extension is approved for all existing nuclear
plants (except for five that are being retired). Assuming nuclear safety as a foremost condition, the High
Nuclear Case shows a well-balanced power mix from the ‘3E+S’ perspective, with the highest self-
sufficiency rate (including nuclear) and the lowest emissions and power generation cost (Figures 8.11 and
8.12). Compared with the BAU, the nuclear share of the power mix increases from 16% to 25% in 2030
and from 8% to 22% in 2040. Installed nuclear capacity in the High Nuclear Case is about 46 GW in 2030
and 40 GW in 2040.2° The larger nuclear share reduces fossil fuel-fired generation, resulting in self-
sufficiency rate improvements in 2030, from 19% in the BAU to 24%. The rate in 2040 improves from
14% in the BAU to 24% in the High Nuclear Case. Energy-related emissions decrease by 20% in 2030
from 2013, the largest reductions among power mix cases. However, the Fukushima accident has
significantly raised public concern about the safety of nuclear generation and made it more difficult to
resolve plant siting issues, especially regarding a high-level radioactive waste disposal facility. Clear
policy guidance as well as continuous economy-wide discussion about the benefits of long-term nuclear
use is indispensable to gain public acceptance and realise the High Nuclear Case.

SCENARIO IMPLICATIONS

ENERGY INVESTMENTS

Given Japan’s limited indigenous fossil fuel resources, energy investment is mainly driven by the
electricity sector, where the 2011 earthquake significantly changed the situation. The need for massive
integration of renewables, enhancement of transmission and distribution networks, and replacement of
ageing generation facilities creates large investment opportunities. From 2015 to 2040, investments in
the energy sector amount to USD 430 billion (low-cost estimate) to USD 748 billion (high-cost estimate),
of which around 90% is for electricity infrastructure in both cases. The remaining investment is shared by
the other sectors—energy transport (from ports of importation to end-use facility), upstream and
downstream.

26 All Scenarios in this chapter include new installation of three reactors in the 2020s, which are currently under construction. See Footnote 16.
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Table 8.3 e Japan: Projected investments in the energy sector in the BAU Scenario, 2015-40

2012 USD billion PPP Low-cost estimate High-cost estimate

Upstream Qil 1.7 2.6
Gas 2.6 7.9
Subtotal 4.4 11
Downstream Refinery 4.5 18
LNG import terminals 0.7 0.9
Biofuels Refinery 0.01 0.01
Subtotal 5.2 19
Electricity Nuclear 13 16
Coal 32 38
Gas 39 64
Oil 2.2 2.9
Hydro 2.0 7.1
Wind 22 38
Solar 219 344
Biomass and others 12 16
Geothermal 2.7 3.5
Transmission lines 28 38
Distribution lines 8.2 98
Subtotal 380 667
Energy transport Qil 38 44
Coal 2.7 7.5
Subtotal 40 52

Notes: Investment is estimated based upon a range of figures classified into the lowest and highest costs per unit of energy
facility/infrastructure capacity. This is to capture the variability in unit cost of similar energy facility/infrastructure depending on
certain conditions and peculiarities; Energy transport includes only pipeline (oil and gas), railroad (oil and coal) and coal import
facilities; ‘Biomass and others’ in electricity includes biomass, geothermal and marine.

Source: APERC analysis.

Investment in the Improved Efficiency Scenario (low-cost estimate) amounts to USD 375 billion, leading
to investment savings of USD 55 billion compared with the BAU, a reduction of 13%. The electricity
sector shows the largest savings of USD 48 billion resulting from a displacement of 36 GW by 2040. In
contrast, total investment expands in the High Renewables Scenario by USD 68 billion due to initial
investments for renewables. Compared with the BAU, renewables capacity increases by 22 GW with an
incremental investment of USD 74 billion (see High Renewables Scenario in Figure 8.13); meanwhile,
lower oil demand because of higher biofuels blends brings investment savings in oil transport, amounting
to USD 5.5 billion, partly offsetting the additional investment in renewables.
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Figure 8.13 e Japan: Changes in investment requirements in the different Scenarios compared
with the BAU, 2015-40
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SUSTAINABLE ENERGY FUTURE

As discussed earlier in this chapter, since the 2011 earthquake, Japan has faced significant challenges in
meeting its 3E and S (Safety) goals.

Enhancing energy security: The role of nuclear power

Nuclear plays a signficant role in the BAU and Alternative Scenarios in terms of energy self-sufficiency
and fuel diversity.

Japan’s primary energy supply self-sufficiency rate (including nuclear as quasi-domestic energy), already
one of the lowest among the APEC economies, was pushed down further by the earthquake and the
subsequent nuclear shutdown. Among the Alternative Scenarios, the highest primary energy supply self-
sufficiency rate is reached in the High Nuclear Case, followed by the High Renewables Scenario and the
Improved Efficiency Scenario.

Table 8.4 e Japan: Energy security indicators under the different Scenarios, 2013 and 2040

2013 2040
Improved High Cleaner | High High
Efficiency |Renewables| Coal 5B Gas
Y 50% | 100%

Primary energy
supply diversity (HHI) 033  0.26 0.26 0.24 0.26 0.26 0.26 0.23
Primary energy supply
self-sufficiency (%) 6 14 17 19 14 15 15 24
Oil self-sufficiency (%) 0 1 1 1 1 1 1 1
Gas self-sufficiency (%) 3 3 4 3 3 3 3 4
Electricity generation 030 0.28 0.25 0.25 028 028 029  0.25

input fuel diversity (HHI)

Note: The Herfindahl-Hirschman Index (HHI) is a measure of market concentration and diversity.
Sources: APERC analysis and IEA (2015a).
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In 2010, the most recent year before the Fukushima accident, Japan’s primary energy supply diversity
using the Herfindahl-Hirschman Index (HHI) was HHI 0.27, one of the lowest (that is, most diversified)
among APEC members. In 2013, the index increased to 0.33 due to the temporary shutdowns of nuclear
power plants, where a higher number indicates deteriorating diversity. However, Japan is expected to
improve its primary energy supply diversity to HHI 0.26 by 2040 to almost the same level as before the
Fukushima accident, because of the introduction of more renewable energy and a decrease in oil demand.
Among the Alternative Power Mix cases, the High Nuclear Case shows the most diversified mix in terms
of TPES as well as electricity generation fuel diversity.

Climate change impacts and risks: A combination of measures is necessary

The BAU Scenario does not meet Japan’s INDC of a 26% GHG reduction and a 25% energy-related CO,
reduction by FY 2030%7 from FY 2013 (UNFCCC, 2015). The Improved Efficiency and High Renewables
Scenarios show larger reductions than in the BAU; however, only the Improved Efficiency Scenario
achieves the economy’s INDC level, showing the importance of additional energy efficiency improvements.
The High Renewables Scenario and the High Nuclear Case follow the Improved Efficiency Scenario, but do
not achieve the INDC level alone, implying that a combination of several low-carbon technologies is
important to effectively reduce energy-related CO, emissions.

Figure 8.14 e Japan: Final energy-related CO, emissions under the different Scenarios, 2000-40
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Note: Energy-related CO, emissions include only domestic emissions from fuel combustion. It does not include emissions from: non-
energy use of fuel; industrial processes; and land use, land-use change and forestry (LULUCF).
Sources: APERC analysis and IEA (2015b).

RECOMMENDATIONS FOR POLICY ACTION

Existing policies largely improve energy efficiency, especially in the transport and buildings sectors, as
well as expanding renewables in the electricity sector. However, these improvements are not enough to
achieve the APEC-wide targets for energy intensity and renewables, or reach the levels in the
government’s Outlook and INDC.

This Outlook implies that additional measures have the potential to further improve energy efficiency,
and suggests that there is no ‘silver bullet’ low-carbon technology for Japan to achieve these targets. It is
important for the economy to promote several low-carbon technologies simultaneously—including
renewable energy and nuclear energy—while considering the technical and economic compatibility of
each alternative measure. For example, in the electricity sector, lowering electricity demand and utilising
nuclear generation, which is relatively inflexible in grid operation, may reduce the room for variable
renewable power integration. Japan needs to take into account the interrelationships among alternative
policies.

27 Japan’s INDC is calculated on a fiscal year basis, while APERC's analysis uses calendar years.
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KEY FINDINGS

® Total final energy demand is forecast to grow at an AAGR of 0.27%
over the projection period, along with economic growth of 2.2% under
the BAU Scenario, mainly from high natural gas and electricity demand in

the buildings and industry sectors.

® Korea’'s energy security remains vulnerable, although increased
nuclear and renewable generation is projected to raise primary energy
self-sufficiency to 23% in 2040 from 16% in 2013. Energy policies focus on

ensuring a stable energy supply.

® Nuclear energy retains a high share of the power generation mix
over the Outlook period in response to climate change and energy
security pressures. The nuclear share increases from 26% in 2013 to 29%
in 2040.

® Additional policies will be needed to meet Korea’s INDC. APERC
analysis shows CO, emissions need to be reduced by 7.3% over the BAU to
be in line with the INDC. Korea needs to adopt a mixture of the Improved
Efficiency and the High Renewables Scenarios, and the High Nuclear Case to

reach the target.

® Korea can contribute to the APEC energy intensity and renewable
energy goals. Under the BAU Scenario, Korea’s energy intensity falls 43%
from 2005 to 2035, contributing to the APEC-wide energy intensity target.
Expanded wind and solar generation, and increased biofuels in transport,
would achieve the renewable energy goal in both power generation and

transport.
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ECONOMY AND ENERGY OVERVIEW

Korea’s population in 2013 reached 50 million, with an urbanisation rate of 82%. Population density is very
high at more than 500 people per square kilometre (km?). Almost half the population lives in the Seoul
metropolitan area, which includes Seoul, Incheon and Gyeonggi province.

The population is projected to grow slightly in the period 2020-30 and decrease thereafter. In addition,
Korea has a rapidly ageing population: after 2030, 24% will be over the age of 65—a substantial increase
from 12% in 2013 (KOSIS, 2015). This change in population size and composition may negatively impact
future economic growth by reducing domestic consumption, and a smaller labour force may threaten the
supply capacity of the economy.

In recent decades, Korea has been one of Asia’s fastest-growing and most dynamic economies. Gross
domestic product (GDP) increased at an average annual growth rate (AAGR) of 5.1% from 1990 to 2013,
reaching USD 1 660 billion (2012 USD purchasing power parity [PPP]) in 2013 (Table 9.1). GDP per capita
income in 2013 was USD 33 303, 2.7 times higher than in 1990.

According to projections, GDP will increase to USD 2.9 trillion (2012 USD PPP) over the Outlook period,
doubling from 2010. Total primary energy supply (TPES) per capita will increase to 5.9 tonnes of oil
equivalent (toe) by 2040, 1.7 times the Asia-Pacific Economic Cooperation (APEC) average. Major industries
include semiconductors, shipbuilding, automobiles, petrochemicals, digital electronics, steel, machinery,
parts and materials.

Table 9.1 e Korea: Macroeconomic drivers and projections, 1990-2040

1990 2000 2010 2013 2020 2030 2040

GDP (2012 USD billion PPP) 529 977 1521 1 660 2 066 2 569 2999
Population (million) 43 46 49 50 50 51 49
GDP per capita (2012 USD PPP) 12 307 21134 30994 33303 41021 50844 60 686
APEC GDP per capita (2012 USD PPP) 9169 11482 15459 17047 21298 28216 35913
TPES (Mtoe) 93 188 250 264 282 292 291
TPES per capita (toe) 2.2 4.1 5.1 5.3 5.6 5.8 5.9
APEC TPES per capita (toe) 2.1 2.3 2.7 2.8 3.2 3.4 3.5
Total final energy demand (Mtoe) 65 127 158 168 179 182 180
e e L L
OSSP P 16 135 13 10 100 s0 s
Energy-related CO, emissions (MtCO,) 232 432 551 572 576 578 564
APEC emissions (MtCO,) 11937 14204 18463 20436 23047 24686 25255
Electrification rate (%) 94 98 100 100 100 100 100

Notes: GDP is measured in USD billion at the 2012 currency exchange rate, using purchasing power parity (PPP) to facilitate comparison
across economies. Unless otherwise indicated, references to costs and investments are expressed in 2012 USD PPP; TPES = total
primary energy supply.

Sources: IEA (2015a, 2015b) and World Bank (2015) for historical data; APERC analysis for projections.

ENERGY RESOURCES

Korea has very limited domestic energy resources: oil resources consist of a small amount of condensate,
and it has only 320 million tonnes (Mt) of recoverable coal reserves and 6 billion cubic metres (bcm) of
natural gas (KESIS, 2015; EIA, 2014). To sustain high economic growth, Korea imports large quantities of
energy products—about 89% of TPES in 2013. It was the world’s fifth-largest importer of oil and liquefied
natural gas (LNG) and third-largest importer of coal.
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ENERGY POLICY CONTEXT

Energy policy in the past focused on ensuring a stable energy supply to sustain economic growth. The
government is now seeking a new direction that supports sustainable development and fully considers the
‘3Es’ (energy security, efficiency and the environment).

The past priority of keeping energy prices low in consideration of socioeconomic circumstances has caused
inefficient use of energy, especially electricity as it was the most affordable. Lack of active demand control
led to electricity replacing oil and gas in heating and cooling, creating over-dependence on electricity. This
higher dependence causes additional transformation losses during generation, which does not occur when
oil or gas is used as a heating fuel. The electricity boom also created supply instability, as it takes
considerable time for an economy to expand its capacity.

On 14 January 2014, Korea launched the 2nd Energy Basic Plan covering 2014-35; it is the energy sector’s
main framework document (MOTIE, 2014a). The plan introduced policies on demand management,
distributed power generation, energy sustainability, energy security and public acceptance. The share of
nuclear in the economy’s generation capacity is expected to be kept at around 29%, a decrease from the
41% set out in the 1st Energy Basic Plan in 2008. The 2011 Fukushima accident raised public environmental
and nuclear safety concerns, heightening the importance of transparency and investment in safety
measures. To ensure the safety of nuclear reactors, the government recently decided to retire the oldest
reactor, Gori-1, in 2017 at the end of a 10-year life extension.

Increased renewables® has also been proposed. The government indicated 11% of TPES will be renewables
by 2035 in the 4th New and Renewable Energies (NRE) Basic Plan of 2014, where 13.4% of total electricity
will be renewables by 2035 with development of solar and wind as major energy sources (MOTIE, 2014c).

BUSINESS-AS-USUAL SCENARIO

The 7th Electricity Demand and Supply Plan for 2015-29 aims for the power capacity mix in 2029 to be
26.4% coal, 23.4% nuclear, 20.6% LNG and 20.1% NRE. Its targets are reflected in the Business-as-Usual
(BAU) Scenario (Table 9.2).

Table 9.2 e Korea: Key assumptions and policy drivers under the BAU Scenario

Buildings * Financial support for installing insulation in homes.
* Stronger energy-savings design standards for new buildings.

Industry °* Demand management in energy-intensive industrial facilities.
° Energy efficiency program such as Cloud FEMS (Factory Energy Management System) applied
to industrial complexes.

Transport * Mandated biodiesel blend rate of 2.5% in 2015, rising to 3% after 2018.

= E)ACTL A D » Increased LNG, renewables and nuclear shares in TPES.

Power mix ® 29% share of nuclear in generation capacity in 2035.

Energy security * Increased renewables in TPES, from 3.2% in 2013 to 11% in 2035.
* Facilitated international joint stockpiling.

Climate change * Enact policies that work towards achieving the Intended Nationally Determined Contribution
(INDC) of 536 million tonnes of carbon dioxide (MtCO;) by 2030.
° Emissions trading system and target management system development.

Note: This table summarises the main policies assumed within the BAU Scenario; it is not intended as a comprehensive list of all energy
policies.

1 'Renewables' includes hydro, solar, wind, geothermal, biomass and marine; when 'other renewables' is used, hydro is not included; the Outlook’s definition of
renewables is different from ‘new and renewable energy’ in the government'’s plan.
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RECENT TRENDS AND OUTLOOK FOR ENERGY DEMAND

Under the BAU Scenario, final energy demand grows at an AAGR of 0.27%, from 168 Mtoe in 2013 to 180
Mtoe in 2040—a 7.4% increase over the projection period. Growth occurs mostly in the buildings sector, at
an AAGR of 1% (Figure 9.1) due to higher living standards with economic growth and a greater number of
households, while industry increases slightly at the beginning but remains stable after 2020. Transport
energy use declines as the efficiency of internal combustion engines improves and as the use of electric cars
counterbalances the rise in vehicle stock. The government announced a plan to decrease energy intensity
30% from 2011 to 2035, an average annual decrease of 1.44%, through new demand-side management
technologies, market schemes and stronger demand control policies in the electricity sector.

Figure 9.1 e Korea: Final energy demand by sector, 2000-40
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Buildings energy use: Upward trend

The residential and commercial sub-sectors, at 20 Mtoe each, retain the dominant share (90%) of energy
demand in the buildings sector in 2013. Energy demand in buildings is estimated to increase 31%, from
45 Mtoe in 2013 to 59 Mtoe in 2040 (Figure 9.2), mainly through a 49% increase in the commercial
sub-sector to 31 Mtoe. Despite population reduction after 2029, energy demand in the residential
sub-sector grows 21% to 25 Mtoe, and the number of households continues to grow by 22%, from 18 million
in 2013 to 22 million in 2035, according to the Korean Statistical Information Service (KOSIS). About 75%
of household increase is due to significant growth in one-person households, from 4.7 million in 2013 to
7.6 million in 2035. Policy measures to reduce building energy use are the Energy Efficiency Label and
Standard Program, energy-saving design criteria for buildings, the building energy efficiency rating system,
and the energy service company (ESCO) project.

Figure 9.2 e Korea: Buildings sector final energy demand, 2000-40
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With more appliances, electrical gadgets and space cooling resulting from economic growth, electricity’s
share in buildings sector energy demand almost doubled between 2000 and 2013 to replace that of oil.
Increased large-scale heating, ventilation and air conditioning (HVAC) systems in buildings, together with
relatively lower electricity prices, accelerated the electrification of energy consumption in the 2000s. Policy
focus thus turned to energy demand management to prevent overuse of electricity.

Industry energy use: Modest increase

Industry energy demand increased significantly (24%) from 39 Mtoe in 2000 to 48 Mtoe in 2013, mainly due
to rapid growth in iron and steel (53%) and chemicals and petrochemicals (44%), two of the three most
energy-intensive sub-sectors. However, the 2nd Energy Basic Plan projects a slower AAGR of 1.3% between
2011 and 2035, significantly below the average of 3.3% for the whole manufacturing industry.

Industrial demand is projected to grow 8.1% (0.29% on average per year), from 48 Mtoe in 2013 to 52 Mtoe
in 2040 (Figure 9.3). Industry energy use peaks in 2035 and is almost flat until 2040; increased energy use
in all other sub-sectors balances that of the three most energy-intensive ones as demand decreases in steel,
and chemicals and petrochemicals. Electricity and gas use increase continuously, from 22 Mtoe in 2013 to
25 Mtoe in 2040 for electricity and 9.8 Mtoe to 12 Mtoe for gas, while that of coal decreases 22%, from
8.1 Mtoe in 2013 to 6.4 Mtoe in 2040.

The three most energy-intensive sub-sectors in the APEC region—iron and steel, chemicals and
petrochemicals, and non-metallic minerals—maintain their energy demand in absolute terms, but the share
of industrial final energy demand declines from 52% in 2013 to 47% in 2040. While chemicals and
petrochemicals grows continuously, from 9.1 Mtoe in 2013 to 10 Mtoe in 2040, iron and steel and
non-metallic minerals peaked in the mid-2010s and decline thereafter. All other sub-sectors show 21%
growth in energy use, from 23 Mtoe in 2013 to 28 Mtoe in 2040, mainly due to machinery (49% increase,
from 7.4 Mtoe to 11 Mtoe).

Several programs facilitate efficient energy use in industry, including mandatory energy process consulting
for large energy-consuming businesses, the ESCO project, tax incentives and soft loans.

Figure 9.3 e Korea: Industry sector final energy demand, 2000-40
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Transport energy use: Consumption decreases with improved fuel efficiency

Transport energy demand decreases over the projection period with fuel efficiency improvements in road
transport, which accounted for 96% of total domestic transport demand in 2013. Other domestic
transport—air, rail and water—shows a modest increase, from 3.9% in 2013 to 6.4% in 2040, mainly due to
expansion in rail transport.

APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II 147



9. KOREA

The number of vehicles increases under the BAU by only 0.68% AAGR over the projection period, reaching
23 million in 2040 (18% more than in 2013). The introduction of more efficient vehicles reduces domestic
transport energy demand and more than compensates for stock increase. Total domestic transport energy
consumption decreases by 23%, from 31 Mtoe in 2013 to 24 Mtoe in 2040 (Figure 9.4).

Gasoline and diesel dominate at over 80% throughout the projection period. Light-duty vehicles shift
gradually to high-efficient vehicles (20% of light-duty vehicle stock in 2040). Hybrid electric vehicles lead,
climbing from just 0.2% of light-duty vehicle stock in 2013 to 13% in 2040, thanks to improved battery
technology and compatibility with existing infrastructure.

Mandatory blending of biofuels in diesel vehicles was introduced in 2012 to reduce carbon dioxide (CO,)
emissions, even though Korea has very limited biodiesel resources. The initial blend rate of 2% was raised
to 2.5% in 2015. This will affect freight more than passenger transport, as diesel is more widely used in
heavy-duty vehicles. The government recently mandated a 3% blend as of 2018 to increase the use of
biodiesel as a transport fuel.

Korea’s world-class public transport system is at the core of the economy’s fast development. There are
eight international and six domestic airports connecting Korean cities with almost anywhere in the world.
Since 2004, Korea’s KTX (Korean Train Express) high-speed rail network connects the economy’s main cities,
and almost all its towns are served by regional bus services. Getting around cities is easy and cost-effective
thanks to subway systems in six major cities and extensive city bus systems. Improved public transport such
as the expanding Intelligent Transport System (ITS) and universal cards that can be used in any buses,
subways and trains will help curb future road transport demand.

Figure 9.4 e Korea: Domestic transport sector final energy demand, 2000-40

35
- Projection

ﬂ/ Share of road

energy in 2040

30

25

20

Heavy-duty
8 vehicle, = Water
S 15 37% Light-duty Air
vehicle, = Rail
61% ®Road
10
Motorcycle,
5 2%
0
2000 2010 2020 2030 2040
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RECENT TRENDS AND OUTLOOK FOR ENERGY SUPPLY

Primary energy supply: Continued reliance on imports to meet increasing demand

From 2013 to 2040, TPES increases by 11% from 264 Mtoe to 291 Mtoe (Figure 9.5) to meet increasing
energy demand in buildings and industry. Qil’s share drops but still remains the largest at 29% (83 Mtoe) in
2040, followed by that of coal, which rises to 28% (82 Mtoe) in 2040 due to increased coal generation.
Nuclear rises from 14% (36 Mtoe) to 19% (55 Mtoe), contributing to Korea’s INDC emissions reduction
commitment. Renewables double from 5.5 Mtoe in 2013 to 11 Mtoe in 2040, raising their share in TPES from
2.1% to 3.8%.
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Natural gas use has grown rapidly since the introduction of LNG in 1986. LNG has been replacing coal and oil
for heating fuel since the introduction of pipeline networks in urban areas. Gas shares expand from 18%
(48 Mtoe) in 2013 to 21% (61 Mtoe) in 2040.

Although the share of energy imports declines 5.9% with rising nuclear and renewables, 83% of TPES still
relies on imports. Energy policy focuses on ensuring a stable energy supply to support high economic
growth.

Figure 9.5 e Korea: Total primary energy supply by fuel, 2000-40

300
—> Projection

= Other renewables

200
® Hydro
[}
] = Nuclear
=
= Gas
100 = Qil
m Coal

0
2000 2010 2020 2030 2040
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Energy trade: Gas and coal imports rise

Korea is among the most heavily energy import-dependent economies. Almost all of the fossil fuel supply is
imported, and energy imports accounted for more than one-third of total import value in 2013. Energy
imports are estimated to reach more than 241 Mtoe annually by 2040 (Figure 9.6).

Korea will continue to import 99% of crude oil, mainly from the Middle East (KESIS, 2015). Net oil imports
decrease by 8.5%, from 109 Mtoe in 2013 to 100 Mtoe in 2040, as transport energy demand declines, but
it still accounts for 41% of net energy imports in 2040.

In coal, Korea is the world’s third-largest importer of coking coal and fourth-largest importer of steam coal.
Main coal imports come from Australia, Canada, China, Indonesia, Russia and the United States (KESIS,
2015). Imports increase by 5.1%, from 77 Mtoe in 2013 to 81 Mtoe in 2040, as the demand for coal in the
electricity sector grows.

Gas imports also increase by 27%, from 48 Mtoe in 2013 to 60 Mtoe in 2040. Most LNG will come from Qatar,
Indonesia, Oman, Malaysia, Brunei Darussalam and Australia (KESIS, 2015). Domestic natural gas
production began in November 2004, but the Donghae-1 offshore field in the south-east produces only a
small quantity.

Because economic growth is based on manufacturing, Korea has no choice but to import the energy
resources it lacks domestically. However, its heavy dependence on the Middle East for oil, compared with
diverse sources for coal and gas, is a threat to energy security. Development of domestic energy resources,
such as renewables and nuclear, would enhance energy security.
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Figure 9.6 o Korea: Net energy imports, 1990-2040
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Mtoe

Power sector trends: Growth in nuclear and renewables

The AAGR of power generation is a modest 1%, with output of 538 terawatt-hours (TWh) in 2013 and
712 TWh in 2040 (Figure 9.7). Generation capacity rises 43% from 89 gigawatts (GW) in 2013 to 127 GW
in 2040. The relatively high increase in both generation and capacity between 2013 and 2020 reflects the
recent trend of using more electricity than other final energy sources. Rising electricity demand is the result
of increased investment in—and production of—energy-intensive industries such as steel and
petrochemicals, and the transition from other energy resources to electricity when it became the most
affordable energy following the 2008 economic crisis. In 2011, continuous, rapidly increasing demand
caused disruptions to electricity distribution in some districts for several hours. Since then, energy policy has
been focused on securing necessary capacity and controlling electricity demand growth. A modest increase
in generation and capacity after 2020 reflects efforts to stabilise the demand-supply balance.

Among fuel resources for electricity generation, coal continues to lead with a share of 39% in 2040, down
slightly from 41% in 2013. Gas also declines from 27% in 2013 to 25% in 2040. Qil is phased out by 2030,
from a share of 4% in 2013. Nuclear is projected to continue rising, from 26% in 2013 to 29% in 2040, in
spite of the decision to reduce nuclear generation after the Fukushima accident. Shares of renewables rise
almost fourfold: from 0.8% in 2013 to 2.4% in 2040 for hydro, and from 1% to 4.4% for non-hydro thanks
to policies facilitating the use of renewables and increased private-sector investment.

Figure 9.7 e Korea: Power capacity and generation by fuel, 2013-40
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Sources: APERC analysis and IEA (2015a).
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ALTERNATIVE SCENARIOS

All three alternative scenarios—Improvement Efficiency, High Renewables and Alternative Power Mix—apply
to Korea.? Of these three scenarios, the Improvement Efficiency Scenario demonstrates the most significant
reductions in energy-related emissions (20%) and energy consumption (9.9%) compared with the BAU in
2040, relative to the other scenarios and cases.

IMPROVED EFFICIENCY SCENARIO TO SUPPORT APEC ENERGY INTENSITY GOAL

Under the BAU, energy intensity (based on final energy demand) falls 43%, contributing to the APEC-wide
target of a 45% regional reduction between 2005 and 20352 The Improved Efficiency Scenario, however,
demonstrates a 47% reduction by 2035, an improvement of 5.5 toe per USD million over the BAU.

All sectors contribute to energy savings under the Improved Efficiency Scenario. Of the 18 Mtoe energy
savings by 2040, industry accounts for 49%, transport 21% and buildings 30%. These results reveal room
for additional savings; continuous efforts across all sectors are required to reach the regional goal.

Almost half of projected energy savings in the Improved Efficiency Scenario come from industry, at 6.9 Mtoe
below the BAU level in 2035 and 8.8 Mtoe below in 2040 (Figure 9.8). Within industry, the sub-sectors with
the greatest absolute reduction potential are machinery (2.5 Mtoe) and chemicals and petrochemicals (1
Mtoe). Paper, pulp and printing shows the highest efficiency improvement rate of 22% (0.53 Mtoe).

Buildings provides the second-largest savings of 5.3 Mtoe in 2040, 9.1% below the BAU. The residential
sub-sector has the most potential (3 Mtoe), mainly from savings in water heating, television and air
conditioning. Savings potential in the commercial sub-sector is 2.3 Mtoe, mostly from cooling and lighting.

Transport energy savings in the Improved Efficiency Scenario reach 3.8 Mtoe in 2040, below that of industry
and buildings. As fuel economy policies and technical development trends are already reflected in the BAU
Scenario, and the car industry is already technologically advanced, there is little potential for additional
development in this sector.

Figure 9.8 e Korea: Potential energy savings in the Improved Efficiency Scenario, 2015-40
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2 For more details about the Alternative Scenario assumptions, see Chapters 5 to 7 in Volume I.
3 The APEC energy intensity goal aims to reduce energy intensity across APEC by 45% by 2035 (from 2005 levels). It is an APEC-wide, collective target, not a
target for each economy. As the denominator of energy intensity remains to be specified, this Outlook uses final energy demand for analysis.
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HIGH RENEWABLES SCENARIO TO SUPPORT APEC DOUBLING RENEWABLES GOAL

The High Renewables Scenario models APEC’s renewable energy goal, and under this scenario the share of
renewables in power generation reaches 14% in 2040, more than double that of the BAU (6.8%).*
Renewables reach 81 TWh in 2030 and 101 TWh in 2040 (Figure 9.9). Wind rises to 56 TWh (AAGR of 15%)
and solar to 14 TWh (AAGR of 8.5%) in 2040, both from less than 2 TWh in 2010. These two sources
contribute more than 88% of total additional renewable generation in 2030.

Average generation cost declines from USD 116 per megawatt-hour (MWh) in 2013 to USD 110/MWh in
2040 under the High Renewables Scenario, higher than the USD 109/MWh in 2040 projected under the BAU.
The reduced average generation cost is the result of declining production costs of renewables, especially
wind and solar, over the projection period.

Figure 9.9 e Korea: Power sector under the High Renewables Scenario, 2013-40
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The share of biodiesel in total transport energy demand is expected to nearly double under the BAU, from
1.1% in 2010 to 1.8% in 2030, due to a mandated biodiesel blend rate of 3% by 2018. Under the High
Renewables Scenario, the biodiesel mandate is assumed to increase to 10% in 2040, leading to a biodiesel
share of 3.8% in 2030, a more than threefold increase from 2010. Although falling transport energy demand
between 2030 and 2040 reduces growth, total biodiesel demand still increases from 1 088 kilotonnes of oil
equivalent (ktoe) in 2030 to 1 175 ktoe in 2040 (Figure 9.10).

Figure 9.10 ¢ Korea: Biodiesel demand in the BAU and the High Renewables Scenarios, 2010-40
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Sources: APERC analysis, IRENA (2014) and IEA (2015a).

4 The APEC renewable energy goal aims to double renewables by 2030 from 2010 levels. It is an APEC-wide collective target, and does not specify a target for each
economy. For the High Renewables Scenario the target is based on final energy in the power and transport sectors. APERC analysis excludes traditional use of
biomass from renewable energy, but includes other types such as biomass for power generation and large-scale hydro.
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ALTERNATIVE POWER MIX SCENARIO

The Alternative Power Mix Scenario evaluates opportunities and barriers for applying cleaner coal generation
technologies, increasing shares of natural gas and extending the life spans of existing nuclear power plants.
All four Alternative Power Mix cases, the Cleaner Coal Case, the High Gas 50% Case, the High Gas 100%
Case and the High Nuclear Case, apply to Korea.

The Cleaner Coal Case assumes that more efficient generation technologies such as advanced
ultra-supercritical (A-USC) and integrated gasification combined cycle (IGCC) replace new coal generation
capacity in the BAU Scenario from 2020, and are equipped with carbon capture and storage (CCS) from 2030.
This case shows the same power generation composition as the BAU, but with 7.4% less CO, emissions per
kilowatt-hour in 2040 thanks to CCS (Figure 9.11).

In the High Gas Case, the combined-cycle gas turbine (CCGT) replaces 50% or 100% of forecast coal
capacity additions (the High Gas 50% and the High Gas 100% Cases). Substituting gas for coal-based
capacity additions results in a more balanced power mix, and CO, emissions intensity declines significantly
in the High Gas 100% Case (9.3% over the BAU in 2040). However, generation costs rise by 8.5% in 2040
compared with the BAU due to higher gas costs, which could reduce economic competitiveness and energy
security.

The High Nuclear Case assumes that additional 20-year life span extensions are approved for all existing
nuclear reactors except one, which will retire in 2017. The High Nuclear Case shows the most significant
reduction in emissions intensity, at 15% less CO, emissions per kilowatt-hour than under the BAU in 2040.
It is also the most competitive in generation cost: 10% less in 2040 than the High Gas 100% Case and 2.9%
less than the Cleaner Coal Case. However, elevated public concern since the Fukushima accident makes it
difficult to extend the life spans of existing reactors and introduce new ones.

Figure 9.11 e Korea: The BAU and Alternative Power Mix Scenarios by Case, 2013 and 2040
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SCENARIO IMPLICATIONS

ENERGY INVESTMENTS

Approximately USD 191 billion (the low-cost estimate) to USD 373 billion (the high-cost estimate) is
required for energy infrastructure from 2015 to 2040 (Table 9.3). About 91% of energy investments will be
devoted to power: investments are estimated between USD 174 billion (low-cost estimate) and
USD 333 billion (high-cost estimate) for the 38 GW of additional generation capacity and transmission and
distribution line expansion. Downstream investment is allotted a 3.8% share of total investments for
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refinery capacity additions of 82 000 barrels per day, and LNG import terminal capacity of 26 million tonnes
per day. Energy transport of oil, gas and coal (from source to ports or facilities) claims 3.5%. Meanwhile,
upstream investment (mainly for oil exploration and production) takes 1.9% of total investments.

Table 9.3 e Korea: Projected investments in the energy sector in the BAU Scenario, 2015-40

2012 USD billion PPP Low-cost estimate High-cost estimate

Upstream Qil 2.7 4.1
Gas 0.3 0.8
Coal 0.7 2.3
Subtotal 3.7 7.1
Downstream Refinery 2.4 10
LNG import terminals 4.7 5.7
Biofuels Refinery 0.1 0.2
Subtotal 7.2 16
Electricity Nuclear 74 102
Coal 31 37
Gas 6.1 10
Hydro 19 67
Wind 17 29
Solar 12 19
Biomass and others 3.6 4.8
Transmission lines 7.2 14
Distribution lines 4.2 50
Subtotal 174 333
Energy transport Qil 0.3 0.6
Gas 3.9 11
Coal 2.5 5.9
Subtotal 6.6 17

Notes: Investment is estimated based upon a range of figures classified into the lowest and highest costs per unit of energy
facility/infrastructure capacity. This is to capture the variability in unit cost of similar energy facility/infrastructure depending on
certain conditions and peculiarities; Energy transport includes only pipeline (oil and gas), railroad (oil and coal) and coal import
facilities; ‘Biomass and others’ in electricity includes biomass, geothermal and marine.

Source: APERC analysis.

Under the Improved Efficiency Scenario, total investment is 20% less than the BAU, at USD 153 billion from
2015 to 2040 (Figure 9.12). Power contributes significantly (93%) to the investment reduction, with the
displacement of 18 GW of generation capacity and lower investment requirements for transmission and
distribution lines. Meanwhile, downstream investment declines by 28% with lower capacity requirements in
LNG import terminals (35% less) and refineries (12% less) than under the BAU due to decreased gas and oil
demand.

In the High Renewables Scenario, total investment increases by 23% (additional USD 44 billion) due to
38 GW more renewable capacity in the generation mix, compared with only 17 GW in the BAU. Wind and
solar together contribute more than three-quarters to renewable capacity additions.
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Figure 9.12 e Korea: Changes in investment requirements in the different Scenarios compared
with the BAU, 2015-40
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estimate only.

Source: APERC analysis.

SUSTAINABLE ENERGY FUTURE

Since the two oil crises of the 1970s, Korea has been trying to diversify its energy import sources to meet
quickly rising energy demand as the economy grows. The government has introduced incentives to reduce
dependence on Middle Eastern crude and has also stockpiled crude and oil products with the private sector
since joining the International Energy Agency (IEA) in 2002. As of the end of 2014, Korea maintains
petroleum reserves to cover 116 days of imports. It continues to depend heavily on fossil fuel imports and
will need to ensure a stable supply to support high economic growth over the Outlook period.

Box 9.1 e Korea: Business models to respond to climate change

In July 2014, the Ministry of Trade, Industry and Energy (MOTIE) created six new energy-related
businesses, based on emerging business models, to reduce CO, emissions and increase energy
efficiency (MOTIE, 2014b). MOTIE also established the Energy Efficiency and Climate Change Bureau for
more efficient policy support. Plans for research and development (R&D) in related technology and
regulation reforms were announced in December 2014 and April 2015 (Government of Korea, 2014b,
2015).

The six business models are:

1. Demand management service that collects electricity saved from buildings and factories
using electricity-saving devices and sells it to the electricity trading market;

2. Integrated energy management service that connects finance, insurance and an energy
management system and also provides system maintenance for companies;

3. Independent micro-grid that replaces diesel generators with NRE generators and an
electricity storage system;

4. Photovoltaic equipment rental that lends photovoltaic equipment to households and
receives payment through electricity gains;

5. Recharging service for electric vehicles that provides paid recharging; and

6. Used-heat recycling from thermal power plant that utilises used heat in diversified
farming.

These business models focus on reducing the demand for fossil fuel electricity and increasing R&D
investment to develop related technologies.
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Korea’s primary energy supply self-sufficiency rate is one of the lowest in APEC, although it improves from
16% in 2013 to 23% in 2040 with rising nuclear and renewables production (Table 9.4). Primary energy
supply diversity improves slightly, but electricity generation input fuel diversity remains similar to 2013 level.
Given that domestic resources make up less than 2% of the fossil fuel supply, the fossil fuel self-sufficiency
rate is low and demonstrates Korea’s vulnerability to regional and global supply disruptions.

Of all Alternative Scenarios and associated Cases, the High Nuclear Case shows the best primary energy
self-sufficiency and also lowers the average generation cost to 2.6% below that of the BAU, while the High
Gas 50% Case raises it by 5.4% and High Gas 100% Case by 8.5% due to high LNG prices. In diversifying
electricity generation input fuel, the High Renewables Case shows the greatest improvement, followed by
the High Gas 100% Case.

Table 9.4 e Korea: Energy security indicators under the different Scenarios, 2013 and 2040

2013
Improved High Cleaner High High
Efficiency | Renewables| Coal Gas Gas
50% 100%

Primary energy
supply diversity (HHI) 0.27 0.24 0.24 0.23 0.24 0.24 0.24 0.24
Primary energy supply
self-sufficiency (%) 16 23 26 26 23 23 23 29
Coal self-sufficiency (%) 1 1 2 1 1 1 1 1
Oil self-sufficiency (%) 1 1 1 1 1 1 1 1
Gas self-sufficiency (%) 1 0 0 0 0 0 0 0
Electricity generation 0.33 0.34 0.34 0.31 0.34 0.32 0.32 0.36

input fuel diversity (HHI)

Note: The Herfindahl-Hirschman Index (HHI) is a measure of market concentration and diversity.
Sources: APERC analysis and IEA (2015a).

Climate change impacts and risks: Combination of measures needed

In accordance with the Framework Act on Low Carbon, Green Growth, Korea is addressing climate change
across all sectors and will strengthen efforts to achieve the 2030 mitigation target. It plans to reduce
greenhouse gas (GHG) emissions to 536 million tonnes of carbon dioxide equivalent (MtCO,eq) by 2030, a
37% reduction over the government’s projected 851 MtCO,eq across all sectors, with the interim target of
reducing emissions 30% below this projection by 2020 (UNFCCC, 2015).

Under the BAU Scenario, energy-related CO, emissions increase from 572 MtCO, in 2013 to 564 MtCO, in
2040—not meeting the INDC of 536 MtCO, in 2030 (Figure 9.13). The BAU cannot sufficiently offset the
trend of rising emissions linked to growing energy demand to meet the INDC. The Alternative Scenarios and
associated Cases show larger reductions: the High Renewables Scenario reduces energy-related emissions
51 MtCO, more than BAU in 2040, but energy-related CO, emissions only decline to 532 MtCO, in
2030—slightly lower than the INDC. The Improved Efficiency Scenario shows a reduction in energy-related
CO, emissions to 490 MtCO, in 2030 and 449 MtCO, in 2040, below the 2030 target of 536 MtCO,. However,
since Asia Pacific Energy Research Centre (APERC) analysis does not include industrial process emissions or
land use, land-use change and forestry (LULUCF), the Improved Efficiency Scenario may not meet the INDC
on its own. A combination of alternative measures for non-energy-related CO, emissions is therefore
necessary.
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Figure 9.13 e Korea: Final energy-related CO, emissions under the different Scenarios, 2000-40
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Note: Energy-related CO, emissions include only domestic emissions from fuel combustion. It does not include emissions from: non-energy
use of fuel; industrial processes; and land use, land-use change and forestry (LULUCF).

Sources: APERC analysis and IEA (2015b).

RECOMMENDATIONS FOR POLICY ACTION

It will be challenging for Korea to achieve its INDC commitment to reduce CO, emissions. APERC analysis
finds that no single scenario can meet all requirements to meet, but improving energy efficiency together
with other alternatives such as deploying renewables is the best way forward.

Adoption of consumer-compatible expansion policies, such as eco-friendly energy towns and improved
obligatory renewable portfolio standards (RPS) would increase renewable energy use. Shifting the
renewable energy market from a government-led system to private partnerships through profit-based
business models and easing of regulations would also expand usage.

Recent policy measures facilitate technology development and employ business models to increase energy
efficiency. Developing energy management systems, accelerating smart-grid deployment, and R&D on
energy-related technologies such as CCS and electricity storage systems would further improve energy
efficiency. Increasing energy investment from both the public and private sectors is essential to accelerate
progress in these activities. Reviewing restrictions on private investment in energy-related businesses and
deregulating excessive ones may be necessary.

In addition to improving efficiency, facilitating renewables’ deployment and securing public acceptance of
nuclear energy are important in achieving the CO, emissions reduction target. These measures will help
reduce dependence on imported fuels and lead to improved energy security.
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KEY FINDINGS

® Malaysia is expected to achieve high-income economy status in
2020. Under the BAU Scenario, GDP grows by more than 4.2% per year
from 2013 to 2040 while population increase is modest. Green growth has
been identified as a high priority, reflecting an important shift in policy

direction from 'grow first, clean up later' to sustainable development.

® As it transitions to being a net energy importer, from 0.69 Mtoe of
net energy export in 2013 to 68 Mtoe of the net energy import in
2040, Malaysia needs to secure future supply. Oil supply is an
immediate priority, as Malaysia became a net oil importer in 2013; it is
expected to become a net gas importer around 2035, as production

capacity falls short of growing demand.

® Malaysia will reduce energy intensity by 41% in 2035 under the
BAU, contributing to the APEC-wide goal of 45% reduction
overall; it could achieve a further 4.6% reduction in the Improved
Efficiency Scenario. Over the next five years, setting a demand-side
management master plan is a high priority for the government; this will

further reduce energy intensity in the longer term.

® Malaysia has the second-highest growth rate for renewable
energy (AAGR of 3.5%) in APEC under the BAU, with solar, hydro
and biomass being key sectors. All three show even greater potential in

the High Renewables Scenario.

APEC Energy Demand and Supply Outlook | 6th Edition | Vol. II 159



10. MALAYSIA

ECONOMY AND ENERGY OVERVIEW

Malaysia, located in South-East Asia, has a total territory of about 330 803 square kilometers (km?). 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 seat of the federal government (EPU, 2013). In 2013, the
population was 29.5 million, an increase of 1.7% from 29 million in 2012 (World Bank, 2015).

Malaysia’s gross domestic product (GDP) reached USD 514 billion in 2013, with GDP per capita around
USD 17 446 (Table 10.1). 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, petroleum products at 9.2% and liquefied natural gas (LNG) at 8.4%
(MATRADE, 2015). Projections carried out by the Asia Pacific Energy Research Centre (APERC) show
Malaysia’s GDP per capita increasing 2.9% annually to reach USD 37 981 by 2040.

Table 10.1 e Malaysia: Macroeconomic drivers and projections, 1990-2040

1990 2000 2010 2013 2020 2030 2040

GDP (2012 USD billion PPP) 143 284 443 514 725 1 098 1 550
Population (million) 18 23 28 29 33 37 41
GDP per capita (2012 USD PPP) 7 846 12 121 15 754 17 446 21978 29 454 37 981
APEC GDP per capita (2012 USD PPP) 9 169 11482 15459 17047 21298 28216 35913
TPES (Mtoe) 22 49 74 89 103 127 149
TPES per capita (toe) 1.2 2.1 2.6 3.0 3.1 3.4 3.7
APEC TPES per capita (toe) 2.1 2.3 2.7 2.8 3.2 3.4 3.5
Total final energy demand (Mtoe) 14 30 43 54 63 77 88
S e s w5 w05 @
APEC final energy intensity per GDP 164 135 113 110 100 80 64
(toe per 2012 USD million PPP)

Energy-related CO, emissions (MtCO;) 49 114 188 207 248 306 363
APEC emissions (MtCO,) 11937 14204 18463 20436 23047 24686 25255
Electrification rate (%) 93 96 99 100 100 100 100

Note: GDP is measured in USD billion at the 2012 currency exchange rate, using purchasing power parity (PPP) to facilitate comparison
across economies. Unless otherwise indicated, references to costs and investments are expressed in 2012 USD PPP; TPES = total
primary energy supply.

Sources: IEA (2015a, 2015b) and World Bank (2015) for historical data; APERC analysis for projections.

In May 2015, the government launched the 11th Malaysia Plan,* 2016-2020 as the final stage in realising
Vision 2020, a long-term development plan launched in 1991 that set out to make Malaysia a fully
developed economy—across all dimensions—by 2020. Six thrusts are central to the 11th Malaysia Plan;
two thrusts, pursuing green growth for sustainability and resilience, and strengthening infrastructure to
support economic expansion, have implications for energy initiatives (EPU, 2015).

ENERGY RESOURCES

Compared against other large economies in the Asia-Pacific Economic Cooperation (APEC), Malaysia’s
energy resources can be considered moderate in absolute terms. A 2013 survey shows that East
Malaysian states hold nearly two-thirds of the economy's energy reserves; Peninsular Malaysia holds the

! The Malaysia Plan is a mid-term (5 years) economy-wide development plan that sets goals for economic growth and allocates part of the government budget
to program development. It also underlines the role of the private sector. The First Malaysia Plan started in 1966 and the 11*" Malaysia Plan covers 2016 to
2020.
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rest. The Malaysian Energy Commission estimates oil reserves (including condensate) at 5.9 billion
barrels, 40% of which is found in Peninsular Malaysia (Malay basin). Abundant natural gas reserves are
estimated at 2.8 trillion cubic metres (tcm) or 98 trillion standard cubic feet, with nearly half found in the
Sarawak basin. The coal reserves deposit, assessed at 1.9 billion tonnes, is located mostly in Sarawak
and Sabah (EC, 2015).

In 2013, coal consumption reached more than 14 Mtoe (million tonnes of oil equivalent, or 21 million
tonnes of coal), at which time Malaysia ranked as the ninth-largest coal importer in the world. This
reflects rapid expansion of coal generation capacity, especially between 2000 and 2013 when coal
consumption in the power sector swelled from 1.5 Mtoe per year (Mtoe/yr) to 13.6 Mtoe/yr. Coal
generation capacity was expanded to meet increasing electricity demand and reduce dependence on
natural gas, which previously dominated generation with shares as high as 70% in the 1990s (EC, 2015).
Though Malaysia has 1.9 billion tonnes of proven coal reserves, most deposits are of poor quality and are
located in protected areas in Sabah and Sarawak. With limited options to extract sufficient domestic coal
to meet demand, Malaysia has become highly dependent on coal imports.

Table 10.2 ¢ Malaysia: Energy reserves and production, 20142

Proven Years of Percentage of | Global ranking | APEC ranking
reserves production world reserves reserves reserves
Oil (billion bbl) 3.8 15 0.22 26th 8th
Gas (tcm) 1.1 16 0.58 25th 7th

Note: Total proven oil/gas reserves are generally taken to be those quantities that geological and engineering information indicates with
reasonable certainty can be recovered in the future from known deposits under existing economic and operating conditions.
Source: BP (2015).

At 2014 production levels, Malaysia's crude oil reserves will last for about 15 years (Table 10.2). Under
the 11th Malaysia Plan, with an average overall resource replenishment ratio (ORRR)? of 1.94 achieved
from 2011 to 2013, the government is cautiously optimistic that it is possible to prolong the lifespan of
the reserves. This ‘healthy’ ORRR is attributed to continuous investments by Petroliam Nasional Berhad
(PETRONAS), the state-owned oil company, in upstream exploration and production (EPU, 2015).

To boost the oil and gas reserves, PETRONAS is intensifying efforts in deep-water exploration. According
to Bank Pembangunan Malaysia Berhad, Malaysia has approximately 615 100 km? of acreages available
for oil and gas exploration. In 2011, production sharing contracts (PSCs) covered 36% of the total
acreages, leaving almost two-thirds of the areas available for exploration (BPMB, 2012). This indicates
potential for PETRONAS to expand existing proven hydrocarbon reserves, as was demonstrated in April
2015 with an oil discovery at the Bestari-1 exploration well in Deepwater Block R in Sabah (INPEX, 2015).

Located near the equator where sunshine is abundant, Malaysia has huge potential to develop solar
power. The economy also has huge potential in biomass: as of 2013, it accounts for 39% of world palm
oil production and 44% of the product's world exports (MPC, 2014). This creates abundant agricultural
residue, particularly empty fruit bunches.*

Three major electricity grids provide power in Malaysia. The main grid in Peninsular Malaysia and the
Sabah grid are both regulated by the federal government; the Sarawak grid is under the responsibility of
state government. The main grid in Peninsular Malaysia is connected to Thailand’s grid to the north (with
capacity for power transfer of 380 megawatts [MW]) and to Singapore’s main grid to the south (capacity

2 The BP Statistical Review of World Energy 2015 is used for energy producing economies as a standardised source of energy reserves and production for
comparative purposes.

3 ORRR is an indicator to measure discovered reserves versus production; a ratio of 1.0 or above is considered ‘healthy’.

4The process of palm oil production generates large amounts of residue, such as empty fruit bunches (EFB) of palm. The EFB is a type of woody biomass
having a calorific value of 4 400 kcal/kg-dry; it is regarded as a safe and promising biofuel resource because it has very low chlorine content (Asia Biomass,
2009).
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of 450 MW) (HAPUA, 2014). In East Malaysia, the Sarawak grid is connected to Kalimantan grid in
Indonesia (capacity expected to reach 50 MW by the end of 2015) (SEB, 2015).

ENERGY POLICY CONTEXT

Malaysia’s National Energy Policy, which was first formulated in 1979 and serves as the overall
framework for the development of the energy sector, comprises three principal objectives:

* The supply objective: To ensure the provision of an adequate, secure and cost-effective supply of
energy through the development of indigenous energy resources and diversification of energy
supply from domestic and international sources;

* The utilisation objective: To promote efficient utilisation of energy and to discourage wasteful and
non-productive patterns of energy consumption; and

°* The environmental objective: To minimise the negative impacts of energy production,
transportation, conversion, utilisation and consumption on the environment (KeTTHA, 2010).

In the past, the focus for economic growth was on quantity over quality. The 11th Malaysia Plan places
greater emphasis on quality growth, taking into consideration the nation’s natural resources and the
impacts of their use on the environment. The 11th Malaysia Plan covers almost the entire spectrum of
energy, of which this Outlook highlights a few notable strategies, initiatives and targets. To improve the
existing green market, the 11th Malaysia Plan includes adoption of green buildings criteria and
strengthens green certification. It also sets a target to increase the share of renewable energy® sources
to 7.8% of total installed generation capacity in Peninsular Malaysia and Sabah by 2020, by exploring the
potential for wind, geothermal and other renewables. Besides exploring other renewables potential, the
economy plans to introduce a new market mechanism, which is net energy metering. Under this new
mechanism, consumers that generate excess electricity through solar photovoltaics (PV) will be able to
send electricity to the grid, and utility companies will compensate for transferred energy on a net
consumption basis. By 2020, renewable energy capacity is expected to reach 2.1 gigawatts (GW),
contributing 7.8% of total installed capacity in Peninsular Malaysia and Sabah (EPU, 2015).

To lower the cost of energy subsidies and reduce market distortions, the government will continue to
institute market-based energy pricing. In December 2014, for example, the government abolished
petroleum product subsidies. To boost energy security and improve liquidity in the energy market
(particularly of natural gas), with the aim of creating a competitive gas market, Malaysia plans to
introduce third-party access regulation that will facilitate new entrants into the gas business. The
government is also exploring nuclear power as an alternative energy resource, and plans to establish an
independent atomic energy regulatory commission in accordance with a new, comprehensive law for
nuclear electricity generation (IAEA, 2015). Finally, developing a comprehensive demand-side
management (DSM) master plan, which should include targets and strategies to save energy across all
sectors, is a high priority for the government (EPU, 2015).

5 'Renewables' includes hydro, solar, wind, geothermal, biomass and marine; when 'other renewables' is used, hydro is not included.
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BUSINESS-AS-USUAL SCENARIO

This section outlines energy supply and demand in the Business-as-Usual (BAU) Scenario, based on
existing short-, mid- and long-term policies, beginning with a summary of key assumptions (Table 10.3).
The BAU Scenario explores how the economy evolves based on actions and policies that are currently in
place or expected to happen. The overall results in the BAU reflect an extension of current trends of
supply and demand, however does not include all current government policies and targets.

Table 10.3 e Malaysia: Key assumptions and policy drivers under the BAU Scenario

Buildings and ° Encourage the adoption of green building design.

® Maintain DSM program.

® Pursue 11th Malaysia Plan targets.

* Abolish the Special Industrial Tariff (SIT) and introduce enhanced time-of-use (EToU) for
electricity.

* Expand minimum energy performance standard (MEPS), labelling programs and Efficient
Management of Electrical Energy Regulations (EMEER 2008).

Transport * Encourage high deployment of hybrid cars and electric vehicles (EVs).
* Pursue efficient engine vehicle deployment as in National Automotive Policy (NAP).

S A VA r e ° Pursue 11th Malaysia Plan targets.

* Apply National Depletion Policy on oil and gas.

* Maintain ORRR at greater than 1 for any given period.
* Optimise self-sufficiency for oil, gas and renewables.

* Expand use of renewables and coal.
* Maintain Herfindahl-Hirschman Index (HHI) at less than 0.5.°
* Achieve renewables targets set under the National Renewable Energy Policy and Action Plan
2010.
Climate change * Work towards greenhouse gas (GHG) emissions intensity of GDP reduction by 45% by 2030
relative to 2005 level.

Note: This table summarises the main policies assumed within the BAU Scenario; it is not intended as a comprehensive list of all energy
policies.

industry

RECENT TRENDS AND OUTLOOK FOR ENERGY DEMAND

Over the last five decades, Malaysia has maintained one of the strongest economic growth records in Asia,
with the availability and reliability of energy supply being a major contributing factor to its success. In the
past, Malaysia managed to sustain high economic growth by focusing on resource-based and
energy-intensive industry. This economic model is not sustainable in the long run, however, as both
resources and energy—particularly fossil fuels—are finite.

In 2013, Malaysia's domestic transport sector consumed approximately 36% of total final energy,
followed by industry (28%), and buildings and agriculture (19%). By 2040, the economic structure is
expected to change rapidly from a manufacturing base to services; hence, the share of the buildings and
agriculture sector in final energy demand is expected to increase from 19% in 2013 to 25% in 2040,
while domestic transport sector shares decrease from 36% in 2013 to 31% in 2040. However, absolute
demand increases in all sectors (Figure 10.1).

Under the BAU, by 2040 Malaysia’s final energy demand is expected to rise by about 63% (34 Mtoe)
compared with the 2013 level, reaching just below 88 Mtoe. This reflects an average annual growth rate
(AAGR) of 1.8% (almost double the APEC average of 1%).

¢ Herfindahl-Hirschman Index (HHI) is a measure of energy market concentration and diversity. For Malaysia’s case, an HHI of 0.5 (or lower) indicates no
dependence on any particular fuel; an HHI exceeding 0.5 reflects overdependence on certain fuel resources.
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Figure 10.1 e Malaysia: Final energy demand by sector, 2000-4