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FOREWORD

We are pleased to present the APEC Energy Demand and Supply Outlook — 5th Edjtion. This Outlook is designed
to provide a basic point of reference for anyone wishing to become more informed about the energy choices
facing the APEC region.

Concerns about energy security, the impacts of energy on the economy, and environmental sustainability are
becoming increasingly important drivers of policy in every APEC economy. The business-as-usual projections
presented here illustrate the risks of the development path the APEC region is currently on. A new feature of
this Outlook is the alternative scenarios, which examine options for increasing natural gas use and reducing
energy demand in transportation.

Readers who desire a quick overview of our most important findings should read Chapter 1, “Summary of Key
Trends”. Readers who desire a quick overview of our business-as-usual projections should read Chapter 2,
“APEC Energy Demand and Supply Overview”. Because of the summaries provided in these two chapters, an
Executive Summary would be redundant and is not included. Detailed tables of the model results are available
on the APERC website http://aperc.ieej.or.jp/.

This report is the work of Asia Pacific Energy Research Centre (the ‘we’ used throughout this report). It is an
independent study, and does not necessarily reflect the views or policies of the APEC Energy Working Group
or individual member economies. But 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. We at APERC are, of course, responsible for any
errors that remain.

I would especially like to acknowledge the contributions of my predecessor as APERC President, Kenji
Kobayashi. Under Mr. Kobayashi’s leadership, the Owutlook — 5t Edition project was already well-organized and
underway when I joined APERC in July 2012.

Takato Ojimi
President
Asia Pacific Energy Research Centre (APERC)


http://aperc.ieej.or.jp/
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BRT bus rapid transit

BTU British thermal unit

CBM coal bed methane

CCGT combined cycle gas turbine

CCS carbon capture and sequestration

CDM Clean Development Mechanism
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CO; carbon dioxide
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mmscf
MBTU
MOU
MPa
MRT
MSW
Mtoe
MW
MWp
NAFTA
NGV
NRE
NYMEX
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USD

million barrels

million standard cubic feet
million British thermal units
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TABLES OF APPROXIMATE CONVERSION FACTORS

Crude Oil*
From I To 1
Tonnes (metric) 1 1.165 7.33 307.86 -
Kilolitres 0.8581 1 6.2898 26417 —
Barrels 0.1364 0.159 1 42 —
US Gallons 0.00325 0.0038 0.0238 1 —
Barrels per day - - - - 49.8

* Based on worldwide average gravity

Products
[ To convert 1
Liquefied natural gas (LPG) 0.086 11.6 0.542 1.844
Gasoline 0.118 8.5 0.740 1.351
Kerosene 0.128 7.8 0.806 1.240
Gas oil/diesel 0.133 7.5 0.839 1.192
Fuel oil 0.149 6.7 0.939 1.065

Natural Gas (NG) and Liquefied Natural Gas (LNG)

T To 1

1 billion cubic metres NG 353 0.90 0.74
1 billion cubic feet NG 0.028 1 0.025 0.021 1.01 0.19
1 million tonnes oil equivalent 1.11 39.2 1 0.82 39.7 7.33
1 million tonnes LNG 1.36 48.0 1.22 1 48.6 8.97
1 trillion British thermal units 0.028 0.99 0.025 0.021 1 0.18
1 million barrels oil equivalent 0.15 5.35 0.14 0.11 5.41 1
Units Calorific Equivalents
1 metric tonne =2204.621b One tonne of oil equivalent equals approximately:
= 1.1023 short tons Heat units 10 million kilocalories
1 kilolitre = 6.2898 barrels 42 gigajoules
= 1 cubic metre 40 million British thermal units
1 kilocalorie (kcal) = 4187k Solid fuels 1.5 tonnes ofj ha'rd coal
=3.968 Btu 3 tonnes of lignite
1 kilojoule (k) — 0.239 keal Gaseous fuels IS\;ee Nthlgal Ga;] (gG)baind Liquefied
—~ 0.948 Bru B atural Gas (LNG) table
1 British thermal = 0.252 keal unit (Bru) Electricity 12 megawatt-hours
= 1.055 kJ - ) ) )
— 860 keal One mﬂhon tonnes of oil or oil equivalent produc.es. abput
1 kilowatt-hour (kWh) ~ _ 3600 k] 4400 g1gawatt—hoqu (= 4.4 terawatt-hours) of electricity in a
- 3412 Bra modern power station.

1 barrel of ethanol = 0.57 barrel of oil
1 barrel of biodiesel = 0.88 barrel of oil

Reproduced from the BP Statistical Review of World Energy June 2012 with the kind permission of BP p.l.c.
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Australia

AUSTRALIA

o Australia’s new Clean Energy Future package, which includes a carbon trading mechanism, is likely to see an increase in
energy efficiency and decrease in overall CO; emissions in the long term.

o Due to ifs considerable coal seam gas reserves, Australia is likely to become a strategic producer of unconventional gas within

the outlook period.

o Annual CO; emissions from fuel combustion are projected to decrease by 1.4% over the outlook period; this can largely be
attributed to Australia’s commitment to increasing the use of renewable energy, particularly in electricity generation as well as

the switch from coal to gas.

ECONOMY

Australia is the world’s largest island economy,
and the sixth largest economy (in land area) in the
world. It lies in the southern hemisphere, between
the Indian and Pacific Oceans. Its total land area of
nearly 7.7 million square kilometres is made up of the
mainland, the major island of Tasmania, and other
small islands. Australia has no land boundaries with
other economies; its ocean neighbours include
Indonesia, East Timor, Papua New Guinea, the
Solomon Islands, Vanuatu, New Caledonia, and
New Zealand.

The Australian mainland is largely desert or semi-
arid land. A temperate climate and moderately fertile
soils are found in the southeast and southwest
corners, while the far north is characterized by a
tropical climate (warm all year) and a mix of
rainforests, grasslands and desert.

As of June 2011, Australia’s population was
22.6 million people, mostly concentrated along the
eastern and south eastern coast, and some on the
west coast. Across the total landmass the population
density (three people per square kilometre) is one of
the lowest in the world. Nearly 92% of the
population live in urban areas; the average household
is a family of no more than four.

Figure AUS1: GDP and Population
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Sources: Global Insight (2012) and APERC Analysis (2012)

Australia is rich in mineral resources and is a
major wotld producer of bauxite, coal, gold, copper,
nickel, zinc and iton ore—some concentrated in a
particular region, others dispersed across its six states
and two territoties. The minerals sector is a
substantial contributor to the Australian economy,
with minerals production increasing over the past
decade. Historically, mineral discoveries in Australia
have been characterized by high-grade deposits and
surface mineralization (Hogan, 2003); most of the
surface mineralization has been developed and future
mining activities are expected to be more energy
intensive. The majority of Australia’s resource
production is exported, accounting for significant
export earnings.

Australia has developed a wortld-class minerals
processing industry to complement its mining
industry; the three major areas are alumina refining,
aluminium smelting, and iron-and steel-making.

Australia is one of the world’s largest alumina
producers with production estimated at 19.3 million
tonnes in 2011-12 (BREE, 2012¢).

Australia is also a significant exporter of iron ore,
with the majority of exports going to China. Future
iron ore production and exports are supported by a
number of significant iron ore projects expected to
be completed in the foreseeable future (BREE,
2012c). Other energy-intensive industries of note in
the Australian economy include other non-ferrous
metals processing (aluminium), non-metallic mineral
production, and chemical and associated production.

Agriculture  in  Australia is a  highly
commercialized, technology-based, export-orientated
industry, with exports such as dairy products, grain
and live cattle going mostly to Southeast Asia and the
Middle East. Agriculture and the associated industries
of food, beverages and tobacco, wood, and pulp and
paper are important contributors to the economy.

Australia’s  harsh and wide-flung geography
makes road transport a crucial element in the
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economy; Australia has three to four times more road
per capita than Europe, and seven to nine times more
than Asia. The rail network is slighter than the road
system, although train networks are established
within cities and between states.

Air travel, domestic and international, has grown
rapidly since the eatrly 1990s, particularly with the
emergence of budget airlines. Generally, while cars
are the usual mode of travel between rural centres,
and cars or train the mode between rural centres and
state capitals, air transport is the most economic form
of travel between state capitals.

ENERGY RESOURCES AND
INFRASTRUCTURE

Australia has abundant coal reserves and is one
of the world’s leading coal producers and exporters.
At the end of 2011, Australia’s recoverable coal
reserves stood around 86 billion tonnes (Geoscience
Australia, 2011b), with estimated production in
2011-12 of 219.2 million tonnes (BREE, 2012e¢).
Australia’s economic reserves are sufficient to sustain
current black coal production rates for nearly 100
years. Brown coal economic reserves are estimated to
be able to sustain current production for over 500
years (BREE, 2012a). Coal is the dominant primary
energy source in Australia; in 2008-09, it accounted
for 39% of primary energy consumption in the
economy (BREE, 2011, p. 30). Coal use is heavy in
the power generation sector, where it currently
accounts for more than 70% of the generation mix
(BREE, 2011, p. 30). Over 80% of coal produced in
Australia is exported.

Environmental issues, in particular climate
change, are expected to have a strong influence on
the future of Australian coal exports and domestic
consumption. The industry is focused on the
development and deployment of ‘clean and green’
coal conversion and storage technologies. In
addition, the Australian Government’s efforts in
promoting coal-to-liquids technology and carbon
sequestration could play an important role in shaping
future domestic coal consumption, especially in
meeting the rising domestic demand for transport
fuels.

Natural gas has become the fastest growing fossil
fuel in terms of production and consumption in
Australia. According to the CIA’s World Factbook, at
the end of 2010 Australia had an estimated 3.115
trillion cubic metres of proven natural gas reserves,
which places it within the top 15 of economies with
proven natural gas reserves (USCIA, 2011).The
majority of Australia’s conventional gas resources are
located off the northwest coast of Western Australia,

which makes this the largest gas-producing region in
Australia. However, the rise of non-conventional gas
resources in the eastern region, such as coal seam gas
reserves, means gas production is forecast to increase
significantly in the east in the outlook period.

On average between 2010-11 and 2011-12
Australia’s  production of natural gas (including
natural gas from coal seam methane projects) is
estimated to be about 52.7 billion cubic metres
(BREE, 2012¢). About 35% of this production is
exported as liquefied natural gas (LNG), mostly
within the Asia—Pacific region (ABARES, 2011).
Environmental concerns about energy use have
provided a boost to natural gas use in Australia.
Federal and state policy initiatives have encouraged
the use of cleaner energy resources, including natural
gas, which has a lower CO: emissions factor than
coal or oil. Combined with its security of supply,
natural gas will be the preferred choice for many
Australian energy consumers. The power generation,
manufacturing and mining sectors are all expected to
significantly increase the share of natural gas in their
energy mix in the medium and long term.

Australia has significant reserves of coal seam gas
(CSG). As at the end of 2010, Australia had
economic demonstrated resources of
35 055 petajoules (PJ]), but only produced 175 PJ
(0.5% of the economic demonstrated resources) in
that year (Geoscience Australia, 2011a). Due to
environmental risks associated with the extraction of
CSG, such projects need to undergo a comprehensive
and sometimes lengthy approvals process overseen
by the respective state government. There are three
LNG-CSG projects under construction currently,
with environmental impact studies being conducted
on two other CSG projects (BREE, 2012b). In 2011,
CSG was produced only in Queensland and New
South Wales, where it accounted for the majority of
each state’s total gas production. Production of CSG
is expected to strengthen in the future with LNG
plant plans already in place based on production and
export from Queensland (BREE, 2012d).

As of the end of 2010, Australia’s total oil
economic demonstrated resources were estimated at
22161 PJ—made up of 12413 P] of condensate,
5685P] of crude oil and 4063 P] of liquefied
petroleum gas (LPG) (BREE, 2012a). Australia’s
proven oil reserves are not as impressive as that of its
coal, accounting for about 2% of the world’s proven
reserves. Most of Australia’s oil reserves are located
in the Carnarvon Basin, Gippsland Basin, Bonaparte
Basin, Cooper—Eromanga Basin, and Bass Basin;
these areas cover the north, west, southeast and
southern regions of Australia. Australia is a net oil
importer, in 2011 Australia’s crude oil and
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condensate production was 425 614 barrels per day,
with imports in the year around 554 270 barrels per
day (BREE, 2012¢). Australia’s oil production has
been declining since 2003—this is due to natural
depletion (especially in the Cooper—Eromanga Basin
and Gippsland Basin), lack of new exploration fields
coming online, and higher exploration costs for
unexplored resources located offshore (in deep
water). There is some export of crude oil, particularly
heavy crude from wells in the northwest.

Petroleum products are the main energy source
for the transport and mining sectors in Australia. In
2008-09, they accounted for 35% of primary energy
consumption in the economy, second only to coal.
Within the transport sector there are a range of
alternative low-carbon fuels that have the potential to
complement or replace conventional oil, but they
need  further  research, development  and
demonstration before they can be adopted (BREE,
2011). While hybrid and electric vehicles are available
in Australia the price competitiveness of conventional
vehicles generally beats these forms of
automobile transportation.

out

Australia has enormous potential renewable
energy resources, especially wind, solar, geothermal
and hydro. While in 2009—-10 only 2% of total energy
produced in Australia was from renewable sources
(predominantly bio-energy), Australia’s Clean Energy
Future plan and its Renewable Energy Target (both
discussed under ‘Energy Policies’) emphasize
Australia’s commitment to renewable energy and
should therefore see its further development (BREE,
2012a). The National Electricity Market (NEM) was
established in 1998 to allow the inter-jurisdictional
flow of electricity between the Australian Capital
Territory, New South Wales, Queensland, South
Australia and Victoria (Tasmania joined the NEM in
2005). Western Australia and the Northern Territory
are not connected to the NEM because of their
distance from the rest of the market. The NEM
comprises a wholesale sector and a competitive retail
sector. All electricity dispatched must be traded
through the central pool, where output from
generators is aggregated and scheduled to meet
demand.

ENERGY POLICIES

Australia enjoys a high level of energy security
characterized by low-priced, reliable energy supplies
and a significant natural endowment of energy
resources, including coal, natural gas, crude oil and

considerable potential for renewable energy.
Underpinning Australia’s natural resources are
extensive  infrastructure and  well-functioning

domestic and international energy markets.

The Australian Government released a draft
Energy White Paper (EWP) on 13 December 2011.
The consultation process included public forums in
each state capital across Australia and 285 written
submissions were received. The final Energy White
Paper is due to be released at the end of 2012.

The EWP promotes well-functioning markets
supported by efficient and effective regulatory
frameworks to deliver competitively priced energy.
The core objective is to build a secure, resilient and
efficient energy system that provides accessible,
reliable and competitively priced energy for all
Australians; to enhance Australia’s domestic and
export growth potential; and to deliver clean and
sustainable energy. The four key priority areas
outlined in the draft EWP are strengthening the
resilience of Australia’s energy policy framework;
delivering better energy market outcomes for
consumers; developing Australia’s critical energy
resources—particularly gas resources; and
accelerating clean energy outcomes.

An update to the 2009 National Energy Security
Assessment (NESA) was released in December 2011.
The 2011 NESA found that Australia’s overall energy
security situation is expected to remain adequate and
reliable, but it will increasingly be shaped by the
strength of new investment going forward and the
price of energy, which are both materially influenced
by global trends (DRET, 2011c). The 2011 NESA
was a key input into the development of the draft
Energy White Paper.

On 10 July 2011, the Australian Government
announced the Clean Energy Future plan, which
makes the move from the previous Clean Energy
Initiative and other government programs to a
comprehensive plan to reduce Australia’s greenhouse
gas emissions. The Clean Energy Future includes:

o the introduction of a carbon price

o the promotion of innovation and investment in
renewable energy

« encouragement for energy efficiency

o the creation of opportunities in the land sector
to cut pollution.

The carbon pricing mechanism establishes a
fixed carbon price of AUD 23 (USD 24) per tonne
(rising at 2.5% per year in real terms) for the period
1 July 2012 to 30 June 2015. The carbon price will
apply to around 500 of Australia’s largest greenhouse
gas emitters. Around 60% of Australia’s emissions
will be directly covered by the carbon pricing
mechanism, and around two-thirds will be covered by
a combination of the mechanism and equivalent
carbon pricing arrangements. From 1 July 2015, the
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carbon price will become flexible under a ‘cap and
trade’ emissions trading scheme, with the price largely
determined by the market. Emissions units will be
able to be traded from 1 July 2015, and a lower and
upper limit of emissions unit prices will apply for the
first three years beyond 1 July 2015 (DCCEE, 2011a).

The Australian Government does not undertake
or finance energy resource exploration or
development. In the petroleum sector, the
government relies on an annual acreage release to
create opportunities for investment. The release,
distributed worldwide, is a comprehensive package
that includes details of the acreage, bidding
requirements and permit conditions. All foreign
investment proposals in Australia are subject to
assessment and subsequent government approval
through the Foreign Investment Review Board.

The approvals process for unconventional gas
exploration is overseen by each responsible state
government, under the Environment Protection and
Biodiversity Conservation Act 1999. In this process
each state assesses applications from each company
looking to explore in their area, and then declines or
grants access; this can be quite a lengthy process.
Similarly, the assessment of safety requirements and
environmental regulation for the coal industry is
carried out by the state in which each project is

based.

The Australian Government has a number of
policies and programs in place to capitalize on the
potential economic growth and emissions reduction
resulting from improved energy efficiency within the
industrial, transport, and residential and commercial
sectors. There is also a suite of policies and initiatives
introduced over the last few years to increase the role
of renewable energy. This includes the Renewable
Energy Target, which requires 45000 GWh of
electricity generation to be sourced from renewable
energy by 2020. The Renewable Energy Target has
been separated into a Large-scale Renewable Energy
Target (LRET) and the Small-scale Renewable
Energy Scheme (SRES), to provide greater certainty
for households, for large-scale renewable energy
projects and for installers of small-scale renewable
energy systems. Combined, the new LRET and SRES
are expected to deliver more renewable energy than
the overall Renewable Energy Target (DCCEE,
2011b). Other measures promote low-carbon energy
research, development, demonstration and
deployment including the Global Carbon Capture
and Storage Institute.

BUSINESS-AS-USUAL OUTLOOK

FINAL ENERGY DEMAND

Final energy demand under business-as-usual
(BAU) assumptions is expected to grow at an annual
average rate of 1% over the outlook period. Most of
this growth can be attributed to increases in energy
consumption across all sectors, especially in the
industrial and ‘othet’ (residential, commercial and
agricultural) sectors.

Figure AUS2: BAU Final Energy Demand
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Despite this increase in final energy demand,
final energy intensity (as shown in Figure AUS3) is
expected to decline by 39% between 2005 and 2035.

Figure AUS3: BAU Final Energy Intensity
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Industry

Energy demand in the industrial sector is
projected to grow at an average annual rate of 1.6%
between 2010 and 2035. This reflects the steady but
relatively slow growth of Australia’s industrial sector
in general, along with Australia’s focus on the
services sector. However, given that Australia is
experiencing a mining boom, energy consumption in
this sector is expected to increase (on average 2.2% a
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year over the outlook period) in tandem with the
rapidly growing industry.

Combustible fuels are expected to account for
the majority of industrial energy demand, with
consumption increasing by more than 45% over the
outlook petiod.

Transport

Vehicle ownership in Australia has very nearly
reached saturation level. The transportation energy
demand of Australia is projected to grow by 10%
over the outlook period.

Given the lack of incentives for consumets to
shift to vehicles using alternative fuels, virtually all
transport-based energy consumption will be of oil
products. Conventional gasoline vehicles will account
for a greater proportion of vehicles, comprising more
than half of the light vehicle fleet by 2035.
Conventional diesel vehicles will make up the second
highest share of the light vehicle fleet (17%), while
vehicles using alternative fuels will account for only a
small share.

Other

Australia has many policies promoting energy
efficiency within the residential and commercial
sectors. Through building codes and standards
Australia  promotes energy efficiency  within
commercial buildings. In the residential space the
government has retrofit programs promoting
initiatives such as installation of energy-efficient

lighting.

However, such efforts will be offset by a growing
population and an increasingly consumer-driven
society, which is likely to result in the use of more
electrical gadgets and home appliances. Energy
demand in the ‘other’ sector, which includes
residential, commercial, and agricultural demand, is
expected to grow at an average annual rate of 1.1%
over the outlook period. Electricity is expected to
continue to dominate the fuel mix in this sector,
accounting for 55% of ‘other’ energy consumption in
2035.

PRIMARY ENERGY SUPPLY

Australia’s primary energy supply between 2010
and 2035 is projected to grow at an average annual
rate of 0.8%.

Given the potential for significant production of
natural gas from unconventional sources, Australia is
expected to increase its production of gas in the
outlook period. Primary supply of gas is projected to
nearly double between 2010 and 2035.

Figure AUS4: BAU Primary Energy Supply
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Coal will dominate energy supply in most of the
first part of the outlook period (2010-2027), with an
average share of 37% over those years. Although
much of the gas produced will be exported as LNG,
predominantly to economies in the Asian region, gas
is expected to overtake coal in domestic energy
supply in the latter half of the outlook period,
accounting for 36% of primary energy supply in
2035.

Figure AUS5: BAU Energy Production and Net Imports
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ELECTRICITY

Australia’s coal reserves mean this fuel will
dominate the electricity generation mix in the outlook
period. However, the Australian Government’s
commitment to energy efficiency and the promotion
of renewable energy makes it highly likely that the
economy will at least very nearly achieve its goal of
20% electricity sourced from renewable energy by
2020. This will bring about a reduction in the role of
coal in the electricity generation mix over the outlook
period, as with increased contribution from natural
gas and NRE (predominantly wind).
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Figure AUS6: BAU Electricity Generation Mix
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CO; EMISSIONS

Over the outlook period Australia’s total CO»
emissions from fuel combustion are projected to
decrease by 0.3 million tonnes from 2010 to 2035, to
412.3 million tonnes. This decrease in emissions can
be attributable to Australia’s policies promoting
renewable energy in the household and commercial
sectors. Most notable, however, is Australia’s push to
increase use of renewable energy sources in electricity
generation; in particular wind power capacity is
expected to increase by 30-35% over the outlook
period. This structural change will be a key factor in
emissions reduction.

Figure AUS7: BAU CO: Emissions by Sector
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Table AUS1 indicates that emission increases due
to GDP growth will be offset by a reduction in both
the CO» intensity of energy (contributed by fuel
switching from coal to gas and NRE) and energy
intensity of GDP from effective energy efficiency
measures, which will lead to a modest reduction in
total CO2 emissions over the outlook period.

Table AUSI: Analysis of Reasons for Change in BAU
CO; Emissions from Fuel Combustion

(Average Annual Percent Change)
1990- 2005- 2005- 2005- 2010-

2005 2010 2030 2035 2035
Change in CO, Intensity of Energy 04% -1.7% -0.8% -0.7% -0.5%
Change in Energy Intensity of GDP -1.2% -09% -1.9% -1.9% -2.2%
Change in GDP 34% 27% 2.7% 2.7% 27%
Total Change 26% 02% 0.0% 0.0% 0.0%

Source: APERC Analysis (2012)

CHALLENGES AND IMPLICATIONS OF BAU

Under business-as-usual, the Australian energy
outlook is steady. However, as demand for cleaner
sources of fuel such as natural gas increases globally
over the outlook period, Australia may wish to
expedite regulation and exploration processes in
order to maximize its sizeable natural gas resources.

ALTERNATIVE SCENARIOS

To address the energy security, economic
development, and environmental sustainability
challenges posed by the business-as-usual (BAU)
outcomes, three sets of alternative scenarios were
developed for most APEC economies.

HIGH GAS SCENARIO

To understand the impacts higher gas production
might have on the energy sector, an alternative ‘High
Gas Scenario’ was developed. The assumptions
behind this scenario are discussed in more detail in
Volume 1, Chapter 12. The scenatio was built around
estimates of gas production that might be available at
BAU prices or below, if constraints on gas
production and trade could be reduced.

The High Gas Scenario for Australia assumed the
production increase shown in Figure AUSS, which
equals 3% by 2035. This was based on expanding
Australia’s current unconventional and conventional
gas development given its strong customer base in
the Asia—Pacific region.

Figure AUSS: High Gas Scenario — Gas Production
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Even under BAU assumptions, Australia’s gas
production is expected to increase significantly over
the outlook period. The slight additional increase in
gas production under the alternative scenario can be
attributed to the assumption that the sometimes
cumbersome and lengthy approvals processes will be
improved and expedited to allow more gas projects
to become operational.

Additional gas consumption in each economy in
the High Gas Scenario depends not only on the
economy’s own additional gas production, but also
on the gas market situation in the APEC region.
Given the perceived environmental benefits of gas
over coal, a portion of the gas produced will be
consumed locally. However, given Australia’s modest
population in terms of its gas reserves, the majority
of the additional gas is expected to be exported.

Figure AUS9 shows the High Gas Scenario
clectricity generation mix for Australia. This graph
may be compared with the BAU scenario graph in
Figure AUSG. It can be seen the gas share has
increased by 3% by 2035, while the coal share has
declined by 4%. It is interesting to note that under
the alternative scenario gas has a greater share than
coal in the electricity generation mix by 2035.
However, even under the BAU case, gas would only

be 2% shy of the share of coal in the generation mix
by 2035, a substantial change from 2010.

Figure AUSY: High Gas Scenario — Electricity
Generation Mix
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The additional domestically-consumed gas in the
High Gas Scenario was assumed to replace coal in
electricity generation. Since gas has roughly half the
CO2 emissions of coal per unit of electricity
generated, this had the impact of reducing CO:
emissions in electricity generation by nearly 5% in
2035. Figure AUS10 shows this CO; emission
reduction which is significant given Australia’s GDP
growth.

Figure AUS10: High Gas Scenario — CO; Emissions
from Electricity Generation
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ALTERNATIVE URBAN DEVELOPMENT
SCENARIOS

To understand the impacts of future urban
development on the energy sector, three alternative
urban development scenarios were developed: ‘High
Sprawl’, ‘Constant Density’, and ‘Fixed Urban Land’.
The assumptions behind these scenarios are
discussed in Volume 1, Chapter 5.

Figure AUS11 shows the change in vehicle
ownership under BAU and the three alternative
urban development scenarios. If Australia’s cities
were to stay at a constant population density it is
expected that there will be a decrease in vehicle
ownership of 10% in 2035 compared to the BAU
case. The High Sprawl case would result in an
expected 15% increase in vehicle ownership by 2035
compared to BAU.

Figure AUS11: Urban Development Scenarios — Vehicle
Ownership
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Figure AUS12 shows the change in light vehicle
oil consumption under BAU and the three alternative
urban development scenarios. The High Sprawl
scenario is likely to see 33% more light vehicle oil
consumption in 2035 compared to BAU. Under the
Constant Density and Fixed Urban Land scenatios,
there were reductions in light vehicle oil consumption
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of 19% and 26% respectively in 2035 compared to
BAU. This demonstrates the benefits of better urban
planning.

Figure AUS12: Urban Development Scenarios — Light

Vehicle Oil Consumption
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Figure AUS13 shows the change in light vehicle
CO; emissions under BAU and the three alternative
urban development scenarios. The impact of urban
planning on CO; emissions is similar to the impact of
urban planning on energy use, since there is no
significant change in the mix of fuels used under any
of these scenarios.

Figure AUS13: Urban Development Scenarios — Light
Vehicle Tank-to-Wheel CO; Emissions
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VIRTUAL CLEAN CAR RACE

To understand the impacts of vehicle technology
on the energy sector, four alternative vehicle
scenarios were developed: ‘Hyper Car Transition’
(ultra-light conventionally powered vehicles), ‘Electric
Vehicle Transition’, ‘Hydrogen Vehicle Transition’,
and ‘Natural Gas Vehicle Transition’. The
assumptions behind these scenarios are discussed in
Volume 1, Chapter 5.

Figure AUS14 shows the evolution of the vehicle
fleet under BAU and the four “Virtual Clean Car
Race’ scenarios. By 2035 the share of the alternative
vehicles in the fleet reaches around 58% compared to
about 11% in the BAU scenario. The share of
conventional vehicles in the fleet is thus only about
42%, compared to about 89% in the BAU scenario.

Figure AUS14: Virtual Clean Car Race — Share of
Alternative Vehicles in the Light Vehicle Fleet
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Figure AUS15 shows the change in light vehicle
oil consumption under BAU and the four alternative
vehicle scenarios. Oil consumption drops by 50% in
the Electric Vehicle Transition, Hydrogen Vehicle
Transition, and Natural Gas Vehicle Transition
scenarios compared to BAU by 2035. The drop is
large as these alternative vehicles use no oil. Oil
demand in the Hyper Car Transition scenario is also
significantly reduced compared to BAU—down 35%
by 2035—even though these highly efficient vehicles
still use oil.

Figure AUS15: Virtual Clean Car Race — Light Vehicle
Oil Consumption
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Figure AUS16 shows the change in light vehicle
COz emissions under BAU and the four alternative
vehicle scenarios. To allow for consistent
comparisons, in the Electric Vehicle Transition and
Hydrogen Vehicle Transition scenarios the change in
COs emissions is defined as the change in emissions
from electricity and hydrogen generation. The
emissions impacts of each scenario may differ
significantly from their oil consumption impact, since
each alternative vehicle type uses a different fuel with
a different level of emissions per unit of energy.

In Australia, the Hyper Car Transition scenario is
the clear winner in terms of CO; emission reduction,
with an emission reduction of 33% compared to
BAU in 2035. This is probably because hyper cars do
better in economies like Australia where coal is more
likely to be the marginal source of electricity
generation. To facilitate fair comparisons, the Electric
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Vehicle Transition scenario assumes no additional
non-fossil electricity. The Electric Vehicle Transition
scenario would rate second, offering a reduction of
9% compared to BAU in 2035. The Natural Gas
Vehicle Transition scenario offers emission
reductions of 8%, while in the Hydrogen Vehicle
Transition scenario, emissions increase by 11%
compared to BAU. This is likely due to the emissions
associated with converting natural gas to hydrogen to
fuel these vehicles.

Figure AUSI16: Virtual Clean Car Race — Light Vehicle
CO; Emissions
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http://www.ret.gov.au/energy/energy_security/national_energy_security_assessment/Pages/NationalEnergySecurityAssessment.aspx
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http://www.australianminesatlas.gov.au/aimr/commodity/coal_seam_gas.html#resources
http://www.ga.gov.au/minerals/mineral-resources/aimr/table-1.html
http://www.ga.gov.au/minerals/mineral-resources/aimr/table-1.html
http://www.abare.gov.au/publications_html/energy/energy_03/er03_geologicalsurveys.pdf
http://www.abare.gov.au/publications_html/energy/energy_03/er03_geologicalsurveys.pdf
https://www.cia.gov/library/publications/the-world-factbook/rankorder/2179rank.html
https://www.cia.gov/library/publications/the-world-factbook/rankorder/2179rank.html
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BRUNEI DARUSSALAM

Brunei Darnssalam has low GDP growth, but high macroeconomic stability.

The economy is highly dependent on LING and oil exports. The government’s efforts to encourage diversification have met with

limited success. This is set to change with the introduction of downstream oil and gas industries planned for the first half of the

Jforecast period.

The development of energy-intensive industries is expected to drive final energy demand in Brunei Darussalanm, which is

projected to increase by 39% from 2010 to 2035, reaching 1.7 Mtoe in 2035.

ECONOMY

Brunei Datussalam is located on the north-west
coast of the island of Borneo. It has a coastline of
about 161 kilometres along the South China Sea and
a land area of 5765 square kilometres, of which 75%
is covered by primary forest. The economy is
characterized by hilly lowlands in the west, rugged
mountains in the east, and a swampy tidal plain along
the coast. The climate is equatorial, with an average
temperature of 28°C, high humidity, and heavy
rainfall that ranges from 2500 mm to 7500 mm
annually. The economy’s only neighbour is the
Malaysian state of Sarawak, which separates Brunei
Darussalam into two parts.

Brunei Darussalam is a small economy with a
total population of 423 000 in 2011, of which 27%
were foreigners (DEPD, 2012, p. 4). The economy’s
population is projected to grow at an average annual
rate of 1.3% over the forecast period, with the total
population reaching about 550 000 by the year 2035.
According to the United Nations, 75.6% of the
population was urbanized in 2010; this figure is
projected to increase to 80.4% by 2035 (United
Nations, 2011).

Figure BD3: GDP and Population
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The majority of the population is concentrated in
the capital, Bandar Seri Begawan, and in the oil
refining area of Seria in the west. The remaining areas
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are sparsely populated and largely undisturbed. The
economy is wealthy and capable of maintaining a
welfare state that provides free higher education and
healthcare to its citizens, and subsidized housing,
food and fuel.

In 2009, Brunei Datrussalam achieved a nominal
GDP of USD 17.7 billion (in 2005 USD PPP) and a
GDP per capita of USD 45 158, which is one of the
highest in the world. Brunei Darussalam’s GDP is
projected to grow at a modest average annual rate of
1.7% over the outlook period, reaching
USD 27.6 billion in 2035. Given the projected 1.3%
average annual population growth, GDP per capita
will remain high, increasing by about 10% to reach
nearly USD 50 563 per capita by 2035.

The oil and gas sector is the backbone of Brunei
Darussalam’s economy, accounting for 67.7% of
GDP and 95.6% of total exports in 2011 (DEPD,
2012, p. 8). Brunei Darussalam is the fourth-largest
oil producer in South-East Asia and the ninth-largest
exporter of liquefied natural gas (LNG) in the world
(BEDB, 2011). The economy’s non oil and gas
sectors  include agriculture, forestry, fishing,
aquaculture and banking.

There is a rising awareness the economy is
depleting its natural resources and subsequently it
needs to diversify away from its over-reliance on
upstream oil and gas production. The Wawasan
Brunei 2035 (referred to here as the Vision Brunei
2035) formulates Brunei Darussalam’s plans to
upskill the labour force, reduce unemployment,
strengthen the banking and tourism sectors, and
widen the economic base beyond oil and gas by 2035
(BEDB, 2011). For the short term, the National
Development Plan 2007-2012 supports the Vision
Brunei 2035 by allocating BND 9.5 billion (around
USD 6.6 billion) for 826 programmes and projects to
strengthen the economy’s human resoutrces base,
social services and infrastructure, and to support the
development of competitive industries. Priority
industries are finance, hospitality, agriculture, halal
products (which includes food, pharmaceuticals and
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cosmetics)
2009).

and software development (APERC,

One of the key initiatives under the Vision
Brunei 2035 is to designate industry cluster-specific
sites with supporting infrastructure and facilities. This
will facilitate industrial development and promote
industrial investments. The first site, established in
2007, was the Sungai Liang Industrial Park (SPARK),
designed specifically for downstream petrochemical
processing activities. Additionally, 1 trillion cubic feet
(Tcf) (28.3 billion cubic meter (bcm)) of natural gas
has been allocated for domestic downstream activities
over an estimated 20-year span (FGE, 2010).

The first plant built at the SPARK site was a
methanol plant developed by the Brunei Methanol
Company. The plant began production in May 2010
and is capable of producing 850 000 tonnes of
methanol each year. The next project in SPARK is an
integrated chemical complex housing six plants that
will use part of the allocated 1 Tcf (28.3 becm) of
natural gas as feedstock to produce ammonia, urea,
di-ammonium  phosphate, ammonium sulphate,
melamine and caprolactam. The project is being
developed by the Mitsui Consortium and is expected
to begin operations in 2015 (Brunei Times, 2011).

The second industrial site is the Pulau Muara
Besar (PMB) Island site, designed for the
development of oil field support services, such as a
marine supply base and fabrication yard, as well as
further downstream activities (BEDB, 2012). The
anchoring project will be a USD 2.5 billion oil
refinery and aromatics cracker project to be
developed by the Zheijiang Hengyi Group Co. Ltd.
The project is expected to begin operations in 2015,
with a production capacity of approximately
135 thousand barrels per day. The first phase will
comprise the production of petroleum products such
as gasoline, diesel and jet A-fuel, as well as paraxylene
and benzene used mainly in textile production
(BEDB, 2012). The feedstock for this plant will be
locally-sourced crude oil and condensate.

Brunei Darussalam’s largest export, after oil and
gas, is its manufactured garments. It should be noted
the total value of garments exported significantly
decreased by about 80% from BND 56.7 million in
2009 to BND 8.2 million in 2010, due to a major
trade agreement between the economy and the
United States expiring in the same year (DEPD,
2012, p. 8). On the other hand, the economy’s first
methanol plant began exporting its products in May
2010, and other sectors like the agriculture, forestry
and fishery sectors and the services sector showed a
healthy growth rate of 3—4% from 2009 to 2010
(DEPD, 2012). This healthy growth in the non oil
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and gas sectors is consistent with the economy’s
efforts towards diversification, and is likely to
continue in the short to medium term.

Bruneians enjoy a well-developed transport
infrastructure; the quality of roads in Brunei
Darussalam has been ranked seventh in Asia and
third in South-Fast Asia (Brunei Press, 2011b,
p- E89). The major population centres in the country
are linked by a network of about 3127.4 kilometres of
road (DEPD, 2012, p. 17). Brunei also has one of the
highest car ownership rates in the world, with roughly
one car for every 2.09 persons (Brunei Press, 2011a).
This can be attributed to the limited public transport
system, low import tax, inexpensive car maintenance
and low unleaded petrol prices. With 170 000
licensed vehicles using the road network daily, the
Brunei Darussalam Government is constantly
maintaining, upgrading and extending its road
network. In its National Development Plan 2007—
2012, the government has allocated
BND 568.5 million  (USD 464 million) for this
purpose (Brunei Press, 2011b, p. E89).

The Brunei International Airport (BIA) handles
more than 20 000 flights annually. In 2011, 27 822
flights were recorded, including scheduled, non-
scheduled, chartered and military flights (DEPD,
2012, p.17). Brunei Darussalam’s major port is at
Muara. In 2011, the port handled a total of a little
over 1 million freight tonnes of cargo (DEPD, 2012,
p- 17). The port authority is continuing its efforts to
attract and encourage more shipping lines to call at
the port. The Ministry of Industry and Primary
Resources is keen to develop the economy’s tourism
industry by capitalizing on Brunei Darussalam’s rich
cultural heritage and pristine natural rainforests. If
the Ministry’s initiative is successful, it is expected the
energy demand for both aviation and maritime
transport will increase in the coming years.

ENERGY RESOURCES AND
INFRASTRUCTURE

Brunei Darussalam owes its current prosperity to
its significant natural gas and oil resources. The
existing and potential oil and gas reserves lie within
the economy’s northern landmass and extend
offshore to the outer limits of its exclusive economic
zone (EEZ). As of 1 January 2012, Brunei
Darussalam’s proven oil reserves stood at 1.1 billion
barrels and its gas reserves were estimated at 13.8 Tcf
(390 bem) (OGJ, 2011). The oil reserves are expected
to last about 25 years and the natural gas reserves 40
years. New recovery technologies as well as potential
onshore and deepwater fields are expected to add to
the lifespan of the reserves.
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In 2010, the economy’s major oil fields were the
onshore Seria-Tali field, with 292 producing oil wells,
and the offshore fields Champion (239 producing oil
wells) and South West Ampa (152 producing oil
wells) (OGJ, 2011). On average, Brunei’s oil fields
produced 160 100 barrels per day in 2010. Only a
small fraction of the oil produced is refined at Brunei
Darussalam’s sole refinery in Seria, which has a
distillation capacity of 15 000 barrels per day. The
main products are motor gasoline, diesel oil and dual-
purpose kerosene. These outputs are used almost
exclusively for domestic consumption. The rest of
Brunei Darussalam’s crude oil is exported and refined
elsewhere.

Brunei Darussalam’s most prolific natural gas
field is also its oldest offshore field, the South West
Ampa field. It holds more than half of the economy’s
total natural gas reserves. Other sources include the
gas wells in the Fairley, Gannet and Maharajalela-
Jamalulalam fields (OBG, 2009). The production
from these fields is piped to the Brunei LNG Plant in
Lumut to be liquefied. Most of the LNG produced is
exported to Japan and Korea (Brunei LNG, 2010).

Brunei Darussalam has an installed electricity
capacity of 894 MW that produced 3723 GWh of
electricity in 2011 (DEPD, 2012, p. 19). Given the
abundance of natural gas available in the economy,
almost all of its installed electricity capacity is natural
gas-fired. The only exceptions are the diesel power
station at Belingus and the demonstration 1.2 MW
Tenaga Suria Brunei (TSB) solar energy plant. The
solar plant is the largest-scale photovoltaic project in
South-East Asia, and is capable of producing
1344 MWh of electricity each year (OBG, 2011).
Brunei Darussalam has significant solar, hydro and
biomass potential, but it has no concrete plans for
exploiting this potential on a large scale due to
envitonmental and cost constraints. Instead, in the
near future, the economy will concentrate on
reducing its energy intensity through energy
efficiency and conservation initiatives.

As reported in the Brunei Key Indicators 2011,
99.9% of the population is already connected to the
electricity grid, while the remaining 0.1% is served by
stand-alone generators (DEPD, 2012, p.19). The
transmission network is divided into three separate
grids, namely the Brunei-Muara network, the BPC
network and the Temburong District network. The
three grids are operated by two different utilities, the
Department of Electrical Services (DES) and the
Berakas Power Company Private Limited (BPC). The
National Development Plan 2007-2012 proposes
that all three of the economy’s power grids are
interconnected by 2012.
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ENERGY POLICIES

Brunei Darussalam’s energy policy is centred on
its oil and gas industries. In 1981, the Oil
Conservation Policy was introduced when oil
production peaked at 261 000 bartels per day in 1979.
The policy aimed to prolong the life of the
economy’s oil reserves by rationalizing its oil output.
As a result, production gradually dropped to around
150 000 barrels per day in 1989. In November 1990,
the government reviewed the policy and removed the
production ceiling, resulting in the production of
219 000 barrels per day by 2006 (APERC, 2009). In
2011, oil production averaged 166 000 barrels per day
(DEPD, 2012, p. 11).

In 2000, the Brunei Natural Gas Policy
(Production and Utilization) was introduced. The
policy aimed to maintain gas production at year-2000
levels to adequately satisfy export obligations, to
open new areas for exploration and development,
and to encourage increased exploration by new and
existing operators. Under the policy, priority is always
given to domestic gas use, especially for electricity
generation.

Brunei Darussalam has set an economy-wide
target to reduce its energy intensity by 45% by 2035,
with 2005 as the base year. To ensure the 45%
reduction target is met, Brunei Darussalam has
identified a number of action plans for the
generation, residential, industry, government and
transport sectors. These action plans are designed to
improve energy efficiency performance in these five
sectors between 2010 and 2030. Some of the action
plans identified include: restructuring the residential
electricity tariff structure; improving the efficiency of
new and existing power plants; formulating an
economy-wide standard and labelling for air
conditioning and lighting systems; initiating energy
management programmes in government and
industrial buildings; and introducing energy efficient
vehicles like hybrid and electric vehicles into Brunei
Darussalam’s automotive market (APERC, 2012).
These action plans will be formalized in the Energy
White Paper to be published in early 2013.

Brunei  Darussalam  implements  five-year
economic development plans known as National
Development Plans that also serve as guidance for its
energy policies. Currently, the ninth National
Development Plan 2007-2012 is in force. In line with
this plan, the economy has launched a long-term
development plan, the Vision Brunei 2035. The
Vision aims to make Brunei Darussalam, by 2035, a
nation which will be widely recognised “for the
accomplishment of its educated and highly skilled
people as measured by the highest international
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standards; quality of life that is among the top 10
nations in the world; and a dynamic and sustainable
economy with income per capita within the top 10
countries in the world” (DEPD, 2008).

In May 2005, His Majesty the Sultan and Yang
Di-Pertuan of Brunei Darussalam created the post of
the Minister of Energy. The Energy Division at the
Prime Minister’s Office was also created, to be
responsible for formulating the economy’s energy
policy as well as presiding over its energy matters.
The Petroleum Unit, that oversees the development
of Brunei Darussalam’s natural gas and oil sector, and
the Department of Electrical Services, that is tasked
with managing and developing its electricity sector,
come under this ministry. In 2011, the Energy
Division and the Petroleum Unit merged to become
the Energy Department under the Prime Minister’s
Office.

The Brunei Shell Petroleum Co. Sdn. Bhd. (BSP),
jointly owned by the Brunei Darussalam Government
and the Royal Dutch/Shell Group of the
Netherlands, has been the dominant oil and gas
production company in the economy. The only other
concessionary is the French multinational oil
company, Total E&P Deep Offshore B.V. In 2002,
the Brunei National Petroleum Company Private
Limited (PetroleumBRUNEI) was empowered to
manage Brunei Darussalam’s commercial interests in
the oil and gas sector. PetroleumBRUNEI has been
granted all mineral rights in eight petroleum
exploration blocks, nominee shareholder status in the
Brunei Methanol Company Private Limited, and one
of its subsidiaries, PB Logistics, is a sharcholder in
the Brunei Methanol Tanker (BMT).

Currently, energy prices are heavily subsidised.
Before 2012, the residential electricity tariff was
priced at approximately BND 0.06 (USD 0.044) per
kWh. A new tariff structure, which came into effect
on 1 January 2012, was designed to encourage smart
electricity use and to help the poor by rewarding low
users and penalising heavy users of electricity. Motor
fuel prices remain comparatively low, with petrol
prices varying from BND 0.36 (USD 0.26) per litre
for regular to a maximum of BND 0.53 (USD 0.38)
per litre for premium unleaded (Lawrey and
Pillarisetti, 2011). In an effort to addtress the
challenges of increasing demands and depleting
resources and to improve energy efficiency
performance, the government of Brunei Darussalam
has decided to implement progressively increasing
electricity tariffs and to adopt European Union
equivalent fuel economy regulations. These measures
will be formalized in the economy’s Energy White
Paper to be published in early 2013.
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BUSINESS-AS-USUAL OUTLOOK

FINAL ENERGY DEMAND

The total final energy demand for Brunei
Darussalam is projected to almost double from 0.9
Mtoe in 2009 to 1.7 Mtoe in 2035. The industry and
non-energy sectors begin to take up a much larger
portion of final energy demand from 2010 onwards,
compared to an almost negligible share before 2010.
This is due to the methanol plant in SPARK
beginning production in that year. The methanol
plant will require massive amounts of natural gas as
fuel, resulting in gas taking a large chunk of oil’s
dominant share of final energy consumption. By
2035, oil will still account for the largest share (46%),
followed by gas (35%), electricity (19%) and NRE
(0.6%).

Figure BD4: BAU Final Energy Demand
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Figure BD3: BAU Final Energy Intensity
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Under BAU scenario, Brunei Darussalam’s final
energy intensity is expected to increase by 60%
between 2005 and 2030. This increase will be driven
primarily by a growing demand for energy for the
new industries in the industry and non-energy
sectors. The energy efficiency action plans and
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measures to be initiated in the Energy White Paper
may help to alleviate some of this increase.

Industry

The changes in the final energy demand depend
on two aspects: the expansion of the energy-intensive
industry sector and the start of methanol production
at the SPARK site in 2010. Other industries
proposed for the SPARK and Pulau Muara Besar
industrial sites are not considered in this analysis—
they are still in the early stages of planning and their
definite time of entry has yet to be established.

The final energy demand for industry in Brunei
Darussalam is projected to increase by 41% from
2010 to 2035, reaching 326 kilotonnes of oil
equivalent (ktoe) by 2035. The industry sector’s
energy demand will be for oil (58%), electricity (22%)
and gas (20%).

Transport

The domestic transport sector’s demand for
energy is projected to continue to increase during the
forecast period, reaching 512 ktoe in 2035. Petroleum
products are expected to remain the dominant
transport energy source, but their growth will slow
with the expected improvements in vehicle fuel
efficiency.

Other

The final energy demand in the ‘other’ sector,
which represents the residential, commercial and
agricultural sectors, is projected to increase by 12.5%
from 2010 to 2035, reaching 349 ktoe by 2035. This
will be driven mostly by the residential sector.
Electricity consistently holds a two-thirds share of
energy demand for the ‘othet’ sector throughout the
outlook period.

PRIMARY ENERGY SUPPLY

Brunei Darussalam’s primary energy supply is
expected to remain fairly constant at about 3 Mtoe
over the forecast period. Natural gas and oil will
remain the dominant supply fuels for primary energy
with small contributions from solar and biomass.

Natural gas production and oil production are
forecasted to gradually decrease over the 2010-2035
period due to maturing reserves and the increasing
complexity of resource exploration in the economy.
Since domestic consumption is modest and priority is
given to domestic use, it is expected that the decrease
in production will be reflected in the amount of oil
and gas exported each year. There is no coal
production or coal consumption in this economy.
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Figure BD4: BAU Primary Energy Supply
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Figure BD5: BAU Energy Production and Net Imports
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ELECTRICITY

Brunei Darussalam is projected to continue to
rely heavily on natural gas for electricity generation.
The economy is expected to improve its conversion
efficiency by replacing the existing single-cycle power
plants with combined-cycle gas units and by ensuring
all new power plant installations have over 45%
efficiency (APERC, 2012).

Brunei Darussalam will also begin to diversify its
energy resources by taking advantage of its available
new renewable energy (NRE) potential. The
economy already has a 1.2 MW solar power plant and
will continue to develop more solar capacity during
the outlook period. Another form of NRE capacity
that will likely be introduced is biomass generation,
using landfill gas as fuel. By 2035, NRE’s
contribution to total power generation will increase
to 5%, compared to zero in 2009.
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Figure BD6: BAU Electricity Generation Mix
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CO; EMISSIONS

Brunei Darussalam’s annual CO; emissions from
fuel combustion are projected to begin to decrease
from 2010 onwards, reaching about 8.65 million
tonnes of COz in 2035. This compares to 5.9 million
tonnes in 1990 and 8.0 million tonnes in 2005. The
sudden increase in CO» emissions from the industry
sector in 2010 can be attributed to production
starting at the SPARK  methanol plant.
Improvements in power generation efficiency will
contribute to reducing the CO; emissions from this
sector over the next 25 years.

Figure BD7: BAU CO: Emissions by Sector
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The decomposition analysis in Table BD1 shows
that from 1990 to 2005, the growth in CO; emissions
was underpinned by growing GDP, but from 2010 to
2035, total change in CO2 emissions will show a
declining trend, driven by declining trends in CO»
intensity and energy intensity.
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Table BD1: Analysis of Reasons for Change in BAU CO;
Emissions from Fuel Combustion

(Average Annual Percent Change)
2005- 2005- 2005- 2010-
2010 2030 2035 2035
-0.8% -0.7% -0.5% -0.5%
3.7% -07% -0.9% -1.7%
08% 15% 15% 1.7%
37% 01% 01% -0.6%

1990-
2005
0.5%
0.3%
2.2%
2.1%

Change in CO; Intensity of Energy
Change in Energy Intensity of GDP
Change in GDP

Total Change

Source: APERC Analysis (2012)

CHALLENGES AND IMPLICATIONS OF BAU

As a major oil and gas producer and exporter,
Brunei Darussalam’s economic and energy security is
assured. Unfortunately, based on historical data, this
abundance of wealth and resources has not created
an environment conducive to energy efficiency and
conservation measures.

Brunei Darussalam’s Vision Brunei 2035,
published in 2008, and the upcoming Energy White
Paper, to be published in 2013, outline environmental
policy directions and initiatives designed to minimize
environmental impacts and to conserve existing oil
and gas resources. These measures may help Brunei
Darussalam meet its challenges to maintain economic
and energy security as well as to improve
environmental sustainability.

ALTERNATIVE SCENARIOS

To address the energy security, economic
development, and environmental —sustainability
challenges posed by the business-as-usual (BAU)
outcomes, three sets of alternative scenarios were
developed for most APEC economies.

HIGH GAS SCENARIO

To understand the impacts higher gas production
might have on the energy sector, an alternative ‘High
Gas Scenario” was developed. The assumptions
behind this scenario are discussed in more detail in
Volume 1, Chapter 12. The scenario was built around
estimates of gas production that might be available at
BAU prices or below if constraints on gas production
and trade could be reduced.

The High Gas Scenario for Brunei Darussalam
assumed the production increase shown in Figure
BDS8, which equals 315% by 2035. This is based on
the draft for Brunei Darussalam’s Energy White
Paper, in which the economy proposes to explore
deepwater  offshore commercial blocks more
aggressively and to review the potential of developing
small and marginal fields that have previously been
deemed infeasible. The success of these proposed
initiatives will certainly increase Brunei Darussalam’s
gas production. The Energy White Paper provides
estimates for the potential increase in gas production,
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and these estimates were adopted for the High Gas
Scenario for this economy.

Figure BD8: High Gas Scenario — Gas Production
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Additional gas consumption in each economy in
the High Gas Scenario will depend not only on the
economy’s own additional gas production, but also
on the gas market situation in the APEC region.
Since domestic power generation in Brunei
Darussalam is almost fully gas-based, the additional
gas production will likely be exported as LNG. As a
result, no change is expected in the economy’s
electricity generation mix or in its CO2 emissions.
Thus, Figures BD9 and BD10 are not included for
this economy.

ALTERNATIVE URBAN DEVELOPMENT
SCENARIOS

To understand the impacts of future urban
development on the energy sector, three alternative
urban development scenarios were developed: ‘High
Sprawl’, ‘Constant Density’, and ‘Fixed Urban Land’.
The assumptions behind these scenarios ate
discussed in Volume 1, Chapter 5.

The alternative urban development scenarios
evaluate potential transport energy savings from
urban planning by modelling the relationship
between travel distance, vehicle efficiency and vehicle
ownership. Unfortunately, there is not sufficient data
on urban land use available for Brunei Darussalam to
run this scenatio. Figures BD11-BD13 are therefore
not included for this economy.

VIRTUAL CLEAN CAR RACE

To understand the impacts of vehicle technology
on the energy sector, four alternative vehicle
scenarios were developed: ‘Hyper Car Transition’
(ultra-light conventionally-powered vehicles),
‘Blectric  Vehicle Transition’, ‘Hydrogen Vehicle
Transition’, and ‘Natural Gas Vehicle Transition’.
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The assumptions behind these scenarios

discussed in Volume 1, Chapter 5.

are

Figure BD14 shows the evolution of the vehicle
fleet under BAU and the four “Virtual Clean Car
Race’ scenatios. By 2035, the share of the alternative
vehicles in the fleet reaches around 50% compared to
about 3% in the BAU scenario. The share of
conventional vehicles in the fleet is thus only about
50%, compared to about 97% in the BAU scenario.

Figure BD14: Virtual Clean Car Race — Share of
Alternative Vehicles in the Light Vehicle Fleet
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2035

Figure BD15 shows the change in light vehicle
oil consumption under BAU and the four alternative
vehicle scenarios. Oil consumption drops by 47% in
the Electric Vehicle Transition, Hydrogen Vehicle
Transition, and Natural Gas Vehicle Transition
scenarios compared to BAU by 2035. The drop is
large as these alternative vehicles use no oil. Oil
demand in the Hyper Car Transition scenario is also
significantly reduced compared to BAU—down 39%
by 2035—even though these highly-efficient vehicles
still use oil.

Figure BD15: Virtual Clean Car Race — Light Vehicle Oil
Consumption
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Figure BD16 shows the change in light vehicle
CO» emissions under BAU and the four alternative
vehicle scenarios. To allow for consistent
comparisons, in the Electric Vehicle Transition and
Hydrogen Vehicle Transition scenarios the change in
CO: emissions is defined as the change in emissions
from electricity and hydrogen generation. The impact
of each scenario on emission levels may differ
significantly from its impact on oil consumption,
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since each alternative vehicle type uses a different
fuel with a different level of emissions per unit of
energy.

Figure BD16: Virtual Clean Car Race — Light Vehicle
CO; Emissions
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2020

In Brunei Darussalam, the Hyper Car Transition
scenario is the clear winner in terms of COz
emissions reduction, with an emissions reduction of
39% compared to BAU in 2035. Hyper cars rely on
their ultra-light carbon fibre bodies and other energy-
saving features to reduce oil consumption. In the
other alternative vehicles oil combustion is replaced
by other fuels; namely electricity for electric vehicles,
hydrogen for hydrogen vehicles and natural gas in
natural gas vehicles. In Brunei Darussalam virtually
all electricity generation comes from gas combustion,
thus the additional demand for electricity and
hydrogen generation would require more gas
combustion, which in turn would produce more CO»
emissions.

The runner-up in this race is the Electric Vehicle
Transition scenario offering a 14% emissions
reduction compared to BAU, followed by the Natural
Gas Vehicle Transition scenario (8%). The Hydrogen
Vehicle Transition scenario offers the least benefit,
producing 3% more emissions compared to BAU in
2035.
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CANADA

in the long term.

excporting econom).

Canada’s commitment to energy efficiency through its policies will help the economy to keep its overall energy demand moderate
Canada will remain the world’s largest ol sands producers, one of the largest shale gas producers, and a major energy

Annnal CO; emissions from fuel combustion are projected to increase by 20% over the outlook period. This can be attributed

to Canada’s projected strong growth in the resources sector fuelling economic growth and activity.

ECONOMY

Canada’s land area is the second largest in the
world, after Russia. The economy is located in the
northern part of North America, and has a widely
varied climate, from temperate in the south to sub-
arctic and arctic in the north. Canada’s geography and
climate contribute to its high energy consumption
(about four times the APEC average) (APERC,
2009). The economy’s high energy use is due in part
to the demand for the transportation fuels required to
travel its vast distances, and the space and water
heating needed to cope with its cold weather.

Canada is made up of a Federal Government, 10
provincial governments and three territories. Roughly
90% of the land in Canada is Crown land (land held
for the monarchy). The majority of this land is owned
by the relevant provincial government. Under the
Canadian Constitution, the provinces have ownership
over the natural resources that lie within their
provincial boundaries. Provincial =~ governments
manage the pace of energy resource development
within their jurisdiction. Federal jurisdiction applies
to territories north of 60 degrees, aboriginal and
offshore frontier areas. Offshore areas are jointly
managed by federal/provincial authorities. The
federal government also regulates interprovincial and
international energy trade.

Canada was demonstrating solid economic
growth before the onset of the global recession in
2008 and its continuation into 2009. Between 1990
and 2009, GDP increased at an average of 2.4% per
year. Although there was negative growth in Canada’s
economy in 2009, GDP is expected to recover, and
to grow at an average of 2.4% per year over the
outlook period.

The affluence of this economy translates into a
high standard of living. Canada’s car ownership rate
is high for the APEC region. In 2009, there were
nearly 21 million registered vehicles on the road—
96% of these vehicles were up to 4.5 tonnes (light
vehicles) (Statistics Canada, 2010a). Given the urban
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sprawl and the well constructed road network,
automobiles are the dominant means of intercity
passenger travel. Compared to other industrialized
economies, the public transport system is less
extensive and its market share is primarily limited to
the larger cities. However, compared to its neighbour
the United States (US), Canada’s public transport is
better funded and of a higher quality.

Canada is an advanced industrialized economy
with a substantial services sector. Unlike many other
developed economies, Canada’s economy has a large
natural resources producing component. This
includes oil and natural gas, minerals and metals
mining, forestry, and agricultural sectors. The mining
and oil and gas extraction industries alone accounted
for about 4.5% of GDP in 2010 (Statistics Canada,
2012).

Canada is moving toward a knowledge-based
economy: the service industry employs three-quarters
of the workforce and generated 72% of GDP in
2010. Manufacturing makes up 13% of GDP—this
includes major industries producing transport
equipment, food, chemicals, fabricated metal
products, and machinery. Canada’s economy is
closely tied in with the US economy: in 2010, the US
accounted for 73% of Canada’s exports and 63% of
its imports (Statistics Canada, 2012).

There is an extensive freight rail network across
the southern part of Canada. Given Canada’s large
size, long distance trucking is quite common. Along
with this, Canada has many sea ports along its Pacific
Ocean and Atlantic Ocean coastlines.

In 2009, Canada had population  of
33.7 million, with the majority of the population
living in urban areas. Given Canada’s climate, most
of the population lives in the southern region,
avoiding the sparsely populated northern region that
suffers from very cold temperatures. The population
is estimated to reach 44.3 million by 2035, growing at
an average of 1% per year. The median age of the
Canadian population has been increasing over the last

a
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three decades: at 1 July 2010 the median age was
39.7 years. In the long term, this could have labour
force implications (Statistics Canada, 2011, p. 352).

Figure CDA1: GDP and Population
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ENERGY RESOURCES AND
INFRASTRUCTURE

Canada is richly endowed with natural resources:
oil, natural gas, coal, and uranium in its western
provinces and huge hydropower resources in
Quebec, British Columbia, Newfoundland, Ontario,
and Manitoba. It also has offshore oil and gas
reserves near Nova Scotia and Newfoundland.
Installed  electricity — generation — capacity — was
130.5 gigawatts (GW) in 2010 (Statistics Canada,
2010b). Canada is the world’s fifth-largest energy
producer (behind the United States, Russia, China
and Saudi Arabia). It is a major energy exporter,
being the most important source for US energy
imports (EIA, 2009).

Canada is the world's  third largest
hydroelectricity producer, after China and Brazil
Even though it is greatly used, there is still
undeveloped hydropower potential available, more
than double the current capacity, across all provinces
and territories (technically, the potential for an
additional 163 000 MW).  There is  roughly
25 000 MW of additional capacity in various planning
stages (Irving, 2010).

Canada is endowed with huge oil potential. At
173 billion barrels, Canada’s proven oil reserves are
the third largest in the world, after Saudi Arabia and
Venezuela. The oil sands account for 98% of
Canada's oil reserves. Proven oil reserves’ are the
estimated remaining volume of oil that is economic
to recover with current technology. This figure is
known through drilling, testing and production.

As of 2011, Canada’s remaining technically
recoverable oil sands and conventional oil resources
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were estimated by the National Energy Board (NEB)
at 343 billion barrels. The oil sands account for 90%
of these oil resources. “Technically recoverable oil” is
the volume of oil that can be produced, and
recovered from the subsurface, if costs are not
considered a limiting factor.

There is much potential to add to Canada’s
proven oil reserves. Presently, non-conventional
established oil reserves are only reported for Alberta.
However, assessments are still underway to estimate
the size of the oil sands bitumen resources in
Saskatchewan. In future, Canada’s proven oil reserves
could grow as some of Saskatchewan’s oil sands
resources become recognised as proven oil reserves.
Furthermore, the Grosmont carbonate formation is
estimated to account for 21% of the oil sands
resources in-place in Alberta but thus far has not
been assigned any value as either a proven oil reserve,
or even a technically recoverable resource.

The application of horizontal drilling and multi-
stage hydraulic fracturing has given new life to
previously  low-producing ~ or  unproductive
conventional oil reservoirs. The development of tight
oil resources (also called shale oil) has already
reversed the decline of conventional oil production in
Canada and the United States. Since tight light oil
extraction technology is still in its early stages of
development in Canada, the ultimate impact on the
resource potential is unclear. However, the successful
development of Canada’s tight oil resources could
lead to a significant increase in the size of
conventional oil reserves.

Canada is seeking to expand its oil pipeline
infrastructure to enable it to export its growing oil
production. In December 2011, the National Energy
Board approved the Bakken Pipeline project. The
pipeline will extend from Saskatchewan to Manitoba,
connecting to the Enbridge Pipelines Inc. mainline
system and will serve as a continuous, long-term
source of light crude oil supply to the central
Canadian and US mid-west markets. This will
maintain the long-term competitiveness of refineries
in those regions (APERC, 2012). In addition,
Enbridge’s Northern Gateway pipeline, a 525 000
batrel per day (26 Mtoe/year) project, is cutrently
undergoing regulatory review and Kinder Morgan
plans to twin its existing TransMountain pipeline, via
a 450 000 batrel per day (22 Mtoe/year) expansion. It
intends to seek regulatory approval in 2014 and
anticipates the expanded pipeline system could be in
service by 2017. These pipelines will enable Canada
to expand oil exports to the Asia Pacific region
(NRCan, 2012a).
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Globally, Canada is the third largest producer of
natural gas (behind Russia and the US) and fourth
largest exporter (behind Russia, Norway and Qatar).
Canadian natural gas production is expected to rise
over the outlook period, driven by growth in
unconventional natural gas production (NRCan,
2012a).

Most of the economy’s conventional gas
resources are located in western Canada. The
Canadian Society for Unconventional Resources
(CSUR) estimates Canada’s marketable natural gas
resources (conventional and unconventional gas
resources) at 19.9 to 306.8 trillion cubic meters
(131 000 to 242000 Mtoe). These natural gas
resources represent hundreds of years of supply.
Unconventional natural gas (e.g. shale and tight gas)
represents the largest component of Canada's natural
gas resources, and most of these resources are
located within the Western Canadian Sedimentary
Basin. However, there are significant natural gas
resources located in eastern Canada within the Utica
and Maritime Basins (NRCan, 2012a).

Currently in the North American market, natural
gas prices are depressed, largely due to excess supply.
The US, like Canada, is rich in shale gas resources
and while the US is looking at developing these
resources, it is also looking at developing LNG
(liquefied natural gas) export terminals, rather than
import terminals. Nevertheless, the US (EIA, 2012)
projects that Canada will remain a major exporter of
natural gas into the US market up to the end of the
reference period in 2035.

Canada, too, is looking at building LNG export
terminals with proposed sites on the west coast. The
development of these terminals will provide Canada
with a larger market for its gas—other Asia Pacific
economies such as Japan and Korea. There are
several LNG terminals proposed for British
Columbia:

o Douglas Channel LNG, a partnership between
BC LNG Export Co-operative and Douglas
Channel Energy Partnership, to liquefy
7.1 million cubic metres/day (2.3 Mtoe/year) of
natural gas. The first phase to liquefy 3.5 million
cubic metres/day (1.15 Mtoe/year) could be in-
service in late 2013 or early 2014;

o Kitimat LNG, a partnership between Apache,
EnCana and EOG Resources, to liquefy
36.8 million cubic metres/day (12.1 Mtoe/year)
of natural gas, expected to be in-service in 2017;

o LNG Canada, a partnership between Shell,
Mitsubishi Corp, Korea Gas Corp. and
PetroChina Company Limited, to liquefy
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96.3 million cubic metres/day (31.6 Mtoe/year)
of natural gas, the first phase of which
(48.1 million  cubic metres/day or 15.8
Mtoe/year) is expected to be in-service in 2019;

o Two other LNG terminals are proposed for the
Port of Prince Rupert in British Columbia, led
by Petronas of Malaysia and the British Gas

Group.

In oil sands operations in Alberta, natural gas is
used to generate electricity and steam. Steam is used
for in situ oil production and in the production of
hydrogen to upgrade bitumen into synthetic crude oil
blends. Gas consumption by the oil sands industry in
2011 was estimated to be approximately 10% of
Canada’s total natural gas production (NEB, 2011a).

As noted earlier, growing natural gas
requirements in North America have prompted a
major push in the construction of LNG export
facilities on Canada’s west coast. On Canada’s east
coast, the Canaport LNG terminal in Saint John,
New Brunswick, began operating in June 2009 and is
currently Canada’s only operating LNG import
facility. However, the focus is now on export
terminals given Canada’s considerable
unconventional gas supply potential, especially in the
form of shale gas and tight gas (NRCan, 2011b). Due
to the shale gas supply revolution and low North
American natural gas prices relative to world markets,
almost all import proposals are on hold.

Most of Canada’s coal reserves are located in
western Canada. The consumption of domestic coal
and thermal coal imports are expected to decline in
the outlook period, largely due to the phasing out of
coal fired power generation by 2015 in Ontario.
However, coal production is expected to increase as a
result of multiple projects coming online in western

Canada, increasing the exportable amount of coal
(NEB, 2011b).

Canada continues to be a leading producer of
uranium, with neatly one-fifth of world production
(9145 tonnes of uranium metal) in 2011. Canada’s
low-cost high-quality uranium resources are the third
largest in the world, after those of Australia and
Kazakhstan. As of January 1, 2012 Canada’s total
recoverable low-cost uranium resources were
estimated at 466 300 tonnes of uranium metal.

Recent exploration activity is expected to further
increase these figures (NRCan, 2012a).

Hydropower dominated electricity generation in
2010 (59%,), followed by coal (13%) and nuclear
energy (15%). Nuclear generated power is most
prominent in the province of Ontario, where it
accounted for 54% of electricity generation in 2010.
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Ontario has initiated plans to construct two new
nuclear plants (1000 MW each). A clear timeline for
their completion has not yet been announced. The
Point-Lepreau Station in New Brunswick is expected
to be back online in 2012. The Government of
Quebec recently announced it will not continue with
the refurbishment of the Gentilly-2 reactor and
instead intends to close the nuclear generating station
by the end of 2012 (NRCan, 2012a).

Canada is a net exporter of electricity. Given the
increase in the production of clean and renewable
energies, there is potential for significant extra
electricity to be available for export. The US is the
recipient of Canada’s electricity exports. In 2011,
Canada’s electricity exports to the US totalled
CAD 2.03 billion (NEB, 2011).

ENERGY POLICIES

The Canadian Government has a number of
policies that promote energy efficiency and cleaner
technologies, boost renewable energy supplies and
aim to reduce greenhouse gas (GHG) emissions.
Since 2006, the Government of Canada has invested
more than CAD 10 billion to reduce greenhouse gas
emissions and build a more sustainable environment
through investments in green infrastructure, energy
efficiency, clean energy technologies and the
production of cleaner fuels. As part of the
Copenhagen Accord, Canada pledged to set a goal to
reduce emissions by 17% from 2005 levels by 2020;
this was endorsed again through the Cancun
Agreement and is in line with US goals.

The Energy Efficiency Act, which took effect in
1992, has been amended to expand its scope and
increase its effectiveness (NRCan, 20092). This
includes provisions aimed at reducing standby power
consumption, which is currently 10% of household
electricity use in Canada. Provincial governments are
also major contributors to energy efficiency in their
respective provinces through the establishment of
energy efficient building codes, equipment standards,
etc.

Canada’s energy policy, including for resource
development, is market-based and incorporates a mix
of domestic and foreign owned companies. As per
the Canadian Constitution, the regulation of mining
activities on publicly owned mineral leases falls under
provincial or territorial government jurisdiction.
Therefore, there is separate mining rights legislation
for each of the 13 Canadian jurisdictions except
Nunavut (the northern and eastern portions of the
former Northwest Territories). Off-shore mineral
rights are usually owned by the Canadian Federal
Government (NRCan, 2011b).
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Since the signing of Western Accord and the
Agreement on Natural Gas Markets and Prices, in
1985, oil and natural gas prices in Canada have been
deregulated. The agreements opened up the oil and
gas markets to greater competition by permitting
more exports, allowing users to buy directly from
producers and unbundling production and marketing
from transportation setvices. Oil and gas pipeline
networks continue to be regulated as natural

monopolies (NRCan 2009b; NEB 1996).

In most provinces, the electricity industry is
highly integrated with the bulk of generation,
transmission and distribution services provided by
one or two dominant utilities. Although some of
these utilities are privately owned, many are Crown
corporations owned by the provincial governments.
Independent power producers also exist, but rarely in
direct competition with a Crown corporation.
Exceptions include the provinces of Alberta, which
has moved to full wholesale and retail competition,
and Ontario, which has established a hybrid system
with competitive and regulated eclements. Retail
electricity prices vary across the provinces, in terms
of both their level and the mechanism by which they
are set. Within the power sector, Canada has an
accelerated capital cost allowance (CCA) program
which gives a tax benefit for clean energy generation,
allowing 50% CCA for projects that use renewable
energy equipment or use fossil fuels efficiently,
including co-generation (NEB, 2011). In addition, the
federal government has invested CAD 1.5 billion to
increase Canada’s energy supplies from renewable
sources, including solar, tidal, hydro, wind, biomass
and  geothermal through the ecoENERGY
Renewable Initiative.

One policy measure that has proved successful in
promoting energy efficiency and creating energy
savings is the ecoENERGY Retrofit initiative. The
program provided incentives for energy efficiency
improvements in low-rise residential housing and in
small and medium-sized organizations in the
institutional, commercial and industrial sectors. The
ecoENERGY  Retrofit-Small  and  Medium
Organizations component of the initiative ran from
April 2007 to March 2011. This CAD 40 million
program provided financial incentives to implement
energy retrofit projects in buildings with up to
20 000 square metres of floor space and industrial
facilities with fewer than 500 employees. Financial
incentives stimulated almost 1300 energy retrofit
projects.  The ecoENERGY  Retrofit—Homes
component of the initiative was also launched in
April 2007. The four year, CAD 745 million program
provided federal grants to property owners for
improving the energy efficiency of their homes. In
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2011, an additional one-year investment of
CAD 400 million was made, which allowed as many
as 250 000 homeowners to participate in the
programme. In total, eccoENERGY Retrofit—Homes
helped over 640 000 Canadians increase the energy
efficiency of their homes. Homeowners reduced their
energy consumption by an average of 20% for
ongoing savings of more than CAD 400 million a
yeatr (NRCan, 2012b).

In the transport sector, energy consumption
growth rates have decreased in recent times. This
could be attributable to federal, provincial and
territorial programs that promote alternative fuel
supply. These include funding programs that
encourage investment in the biofuels industry as well
as separate renewable fuel blending mandates. For
instance, since 2010, Canada has had a 5% renewable
fuel mandate. This mandate was expanded in July
2011 to include a 2% renewable fuel content
requirement for diesel fuel and heating oil. Several
provincial governments have set their own renewable
fuel standards, some of which mandate a higher
renewable fuel content, and some of which were
implemented before the federal mandatory blending
requirements (CRFA, 2010). Due to growing
domestic supply, natural gas is also being promoted
as a transportation fuel, particularly for medium and
heavy duty vehicles in the freight sector.

In addition to the above, in October 2011, light-
duty vehicle greenhouse gas emission regulations
came into force for model years 2011 to 2016,
establishing a common Canada—US emissions
standard for new vehicles.

BUSINESS-AS-USUAL OUTLOOK

FINAL ENERGY DEMAND

Business-as-usual (BAU) final energy demand is
expected to grow on average 1.1% per year over the
outlook period.

Figure CDA2: BAU Final Energy Demand
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A majority of this increase can be attributed to
increases in energy consumption across all sectors,
especially in the industry and ‘othet’ (residential,
commercial and agricultural) sectors.

Despite this small increase in final energy
demand, final energy intensity (Figure CDA3) is
expected to decline by 32% between 2005 and 2035.

Figure CDA3: BAU Final Energy Intensity
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Industry

Energy demand in the industry sector is
projected to grow at an average annual rate of 1.5%
between 2010 and 2035. Much of the energy demand
will come from energy intensive industries such as
iron and steel, aluminium, cement, chemicals and
fertilisers, pulp and paper manufacturing, and oil and
gas extraction.

Transport

On average over the outlook period, Canada’s
total  transport  energy  demand = (including
international transport) is projected to grow by an
average of 0.6% per year. This is a much smaller
growth rate than between 1990 and 2009, when
energy demand for transport averaged 1.3% a year.

To comply with the Federal Government’s
greenhouse gas emission policies (such as the
Passenger Automobile and Light Truck Greenhouse
Gas Emission Regulations) it is likely fuel economy
will improve over the projection period. In April
2012, the Government of Canada released proposed
on-road heavy-duty vehicle greenhouse gas emissions
regulations for model years 2014 and beyond.
Proposed regulations for new passenger cars and
light trucks for the 2017 to 2025 model years are also
under development. These regulations combined
with the renewable fuel content mandate (discussed
above) and an interest in natural gas vehicles for
medium to heavy fleet trucks in the western
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provinces may bring about change in the types of
energy sources demanded within the outlook period.

Conventional gasoline and diesel vehicles will
account for most of the light vehicle fleet in the
projection period, accounting for 84% of the fleet by
2035, with conventional hybrid gasoline and diesel
vehicles accounting for another 5%. The dominant
tuel source over the projection period and in 2035 for
all domestic transport will be oil.

Other

Canada has many policies promoting energy
efficiency within the residential and commercial
sectors (such as the ecoENERGY Retrofit
programs).

However, these efforts will be offset by factors
such as the growing population. Energy demand in
the ‘othet’ sector, which includes residential,
commercial, and agricultural demand, is expected to
grow on average 1.2% per year over the outlook
period. Given Canada’s cold climate, much of the
residential and commercial energy use is linked to
space and water heating in homes and commercial
buildings. Electricity is expected to dominate the fuel
mix in this sector throughout the projection period,
accounting for 41% of the ‘other’ sector’s energy
consumption in 2035, followed closely by gas at 38%.

PRIMARY ENERGY SUPPLY

Canada’s primary energy supply between 2010
and 2035 is projected to grow at an average annual
rate of 1.1%, in line with the growth in energy
demand. Primary energy intensity is projected to
decline 34% between 2005 and 2035.

Figure CDA4: BAU Primary Energy Supply
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The primary supply of oil is projected to increase
by 19% between 2010 and 2035, while gas
production is  projected to increase  27%.
Conventional oil and gas production is expected to
decline, while increases in production from
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unconventional resources (especially oil sands, tight
oil, and shale gas) are expected to more than
compensate (NEB, 2011a).

Figure CDA5: BAU Energy Production and Net Imports
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ELECTRICITY

Hydropower will remain Canada’s dominant
source of electricity generation throughout the
outlook period. After hydropower, gas is expected to
be the largest contributor. In 2035, gas will account
for 19% of the generation mix, an increase in share of
12% from 2010. This increase will be driven by
higher gas production, and a significant reduction of
coal use in electricity generation. The reduction in
coal use is partly in response to combined efforts by
the federal and provincial governments to reduce
reliance on coal-fired electricity generation, especially
Ontario’s coal phase-out policy and the recently
released federal regulations for reducing greenhouse
gas emissions from the coal-fired electricity sector.

Figure CDAG6: BAU Electricity Generation Mix
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