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foreword

High energy prices have substantial consequences for economies in the 
APEC region, an issue recognised by member economies with the endorse-
ment of the APEC Energy Security Initiative (ESI). The ESI includes both 
short and long term initiatives to promote sustainable development and 
common prosperity in the APEC region. While the initiatives supported in 
the ESI cover a range of different aspects of energy security, an integral 
component of these initiatives, especially in the current high oil price cli-
mate, is an understanding of the potential impact of rising oil prices on 
economies in the APEC region.

This study assesses some of the potential economic impacts in the region 
from sustained higher oil prices. Key components in this report include:

n a detailed analysis of the current trends in crude oil production, con-
sumption and trade;

n an evaluation of the impacts of sustained high oil prices on economic 
growth and terms of trade, both for the APEC region and individual 
member economies;

n an analysis of the potential for alternative technologies, particularly 
in the transport sector, to reduce the vulnerability of economies to oil 
price shocks in the medium to longer term; and

n a discussion of trade and investment barriers within the region, and 
their impact on the ability of APEC economies to respond to high oil 
prices.

The study was undertaken by ABARE for the APEC Energy Working 
Group.

Brian S. FiSher 
Executive Director

October 2005
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summary

The economies of APEC account for a considerable proportion of the world’s 
oil production, and an even larger share of the world’s oil consumption. As 
a result, if current high oil prices were to increase further and remain at a 
higher level for a sustained period, there could potentially be considerable 
impacts on economic growth and trade within the region, and globally.

Oil prices have been closely linked to the growth and development of econ-
omies for long period of time. Empirical research draws a link between the 
price of oil and key macroeconomic indicators, such as GNP, trade balance, 
unemployment, inflation and interest rates. It suggests that the price of oil 
can have a major impact on the health of domestic economies. Those rela-
tionships, and concerns about the effect of current and future prices, moti-
vate analysis into the significance and likely economic effects of sustained 
increases in world oil prices.

Study objectives
The purpose in this study is to examine the impact of higher oil prices on 
trade and economic growth within APEC. The key objectives are to:

n analyse the effects of sustained increases in oil prices on macro- 
economic indicators and patterns of trade within the APEC region;

n undertake detailed economic modeling to quantify these effects under 
a number of oil price scenarios for goods and services trade within the 
APEC region;

n examine the extent to which trade and investment barriers limit the 
capacity of regional markets to respond to changes in energy prices; 
and

n explore the possibilities of mitigating the impact of sustained higher oil 
prices through the adoption of alternative technologies.
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Research methodology
ABARE’s global trade and environment model (GTEM) has been used in 
this study to model the impacts of sustained higher oil prices within APEC, 
on national and regional trade and economic indicators.

Two sets of scenarios have been used to assess the impacts of sustained oil 
prices relative to a reference case scenario. In the first set, two scenarios are 
conducted to model the effect of sustained oil price increases of 30 per cent 
and 60 per cent above the reference case. It should be noted, however, that 
the recent increase in oil prices has also been accompanied by increases in 
the prices of other energy commodities. It is therefore important to consider 
the broader implications of increasing energy prices on macroeconomic 
aggregates, although this study is limited to a study of the effects of oil 
price rises alone. Given that, a third scenario modeling a sustained increase 
in overall energy prices is also undertaken. In the second set, the impact on 
oil consumption from increased adoption of more fuel efficient transport 
technologies is explored under two illustrative scenarios.

Oil market development issues
The rapid increase in oil prices during the recent past has raised concerns 
about the impact of further increases and whether the effects of previous 
price peaks will be repeated. Although extremely high peaks could affect 
economic growth, inflation, unemployment, interest rates and trade bal-
ances, many economies, particularly developed economies, have become 
more oil efficient in recent years compared with the situation in the 1970s 
and 1980s, reducing the potential adverse impact of sustained high oil 
prices in the future.

Increased global demand for oil
World demand for oil has increased in recent years following strong eco-
nomic growth, and the growth of oil intensive sectors, such as transport.

Decrease in spare production capacity
Global spare production capacity in the oil sector has fallen to its lowest 
levels since 1970. Historically, high spare production capacity has been 
associated with low real oil prices, and low spare production capacity 
with high real oil prices. Furthermore, low spare production capacity has 
also been associated with high levels of price volatility. Spare production  
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capacity is likely to remain low in the short term, as current plans for expan-
sion and replacement projects are forecast to just keep pace with demand.

Shortage of suitable refineries and tightened environmental standards
The shortage of refining capacity reflects not only low investment in such 
capacity, but also a mismatch between the available grades of crude oil and 
the prevailing refinery capacity. The demand for oil in many markets, par-
ticularly transport markets in developed economies, has increasingly been 
for light, sweet crude oils. This has largely been the result of environmental 
standards and regulations in many economies, such as the United States, 
Canada and Japan, mandating lower levels of sulfur in petrol and diesel 
fuels.

Barriers to increased production
Investment decisions to fund oil exploration, production or downstream 
industries are complicated by uncertainties about oil prices, demand and 
the lead time for new capacities to be developed. In some oil producing 
regions, there are significant restrictions on foreign investment. Environ-
mental requirements may also limit potential refinery expansions to increase 
production capacity.

Geopolitical tension
The impact of the increasing global demand for oil, low spare production 
capacity of oil, a lack of refining facilities and barriers to investment in oil 
production, refining or transport have all been exacerbated by geopolitical 
tension in some oil producing regions. Turmoil in production regions, both 
political and economic, has disrupted supply on occasion and adversely 
affected the ability of oil markets to ensure a smooth supply of oil.

Oil consumption, production and trade in APEC
The twenty-one member economies of APEC vary significantly in their 
economic size and structure, income levels, energy consumption and pro-
duction, oil endowments and access to external supplies of oil.

Oil consumption
Total primary energy consumption (TPEC) — the total energy consumed 
within an economy — is affected by higher oil prices. Substantial changes 
in world oil prices are also likely to affect the mix of fuel shares of the 
TPEC in the APEC region. For APEC as a whole, oil accounted for the  
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largest share of TPEC in 2003, at around 35 per cent. For individual econo-
mies, the share of oil in the primary energy mix varied considerably, from 
79 per cent in Singapore to 19 per cent in China.

End use consumption of oil
Most of the demand for oil in APEC economies comes from three sectors: 
transport, industry and, to a lesser extent, agriculture. Each of these sectors 
is highly dependent on oil, with limited substitution options in the short to 
medium term.

Oil intensity
The average level of oil intensity for the different economy groupings sug-
gests a much higher dependence in rapidly growing developing economies 
than in developed economies. Lower oil intensity in developed economies 
may reflect the adoption of less oil intensive technology as well as the 
expansion of the service sectors within their domestic economies.

Oil and energy production
Economies within the APEC region produce oil, gas, coal and uranium, as 
well as renewable energy resources. Total primary energy production in 
APEC in 2003 was equivalent to 53 per cent of world primary energy pro-
duction, and 58 per cent of the total energy consumed in APEC in 2003.

Total crude oil production in APEC accounted for 38 per cent of world pro-
duction in 2003 and was equivalent to about 67 per cent of total APEC oil 
consumption. Oil production in the APEC region is likely to decrease in the 
short to medium term unless further investment in exploration occurs.

Oil trade
Although made up of both oil exporters and importers, the APEC region 
is a net importer of oil. While oil was imported from a number of different 
economies in 2003, four of those (Iran, Saudi Arabia, United Arab Emir-
ates and Venezuela) provided over half of the imports. Around half of oil 
exports by APEC economies are to other APEC economies, mostly to the 
United States.

There is considerable variation between APEC member economies in the net 
flow of oil trade. Some economies (Hong Kong China, Japan, the Republic 
of Korea, Singapore and Chinese Taipei) rely on imports for 100 per cent of 
oil consumption, while several others are large exporters.
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Oil import dependence
Oil import dependence varied considerably among APEC economies in 
2003. Most APEC economies are net oil importers, with some economies 
reliant on imports for all of their crude oil consumption. Of the oil exporting 
economies, Brunei Darussalam exported ten times more than it consumed 
domestically.

Oil security and stockpiling
As result of the potential impacts of higher oil prices, oil security has become 
a significant concern of both oil importing and exporting economies. Part of 
a secure oil supply in many economies is keeping oil stockpiles. By main-
taining stockpiles, in the event of a large increase in oil prices, individual 
economies will have the ability to moderate the effects and volatility of the 
market to some degree. The ability of an individual economy to mitigate 
the effects of higher oil prices, however, depends on the size of their normal 
oil imports relative to the world oil trade. Any form of stockpile drawdown, 
however, remains a short term response to oil price increases or supply 
shortages.

Modeling approach
The impacts of sustained oil price increases are estimated in this study using 
ABARE’s global trade and environment model (GTEM). As a dynamic gen-
eral equilibrium model, GTEM requires a reference case scenario against 
which the impacts of alternative scenarios can be measured.

The reference case represents the likely outlook for economic activity and 
energy demand and supply in APEC and across the world over the period to 
2015 in the absence of any changes to key energy or economic policies. Oil 
prices have also been modeled to reflect the most recent jump in oil prices 
in 2005.

Reference case projections
Total primary energy consumption in APEC is projected to grow in the ref-
erence case by 2.0 per cent a year between 2003 and 2015. Fossil fuels are 
projected to retain their dominant share of APEC primary energy consump-
tion, accounting for over 90 per cent of the growth in total APEC energy 
consumption over the projection period.
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The share of oil in APEC total primary energy consumption is assumed 
to remain steady at around 35 per cent throughout the projection period. 
APEC oil consumption is projected to grow by 1.7 per cent a year between 
2003 and 2015, driven mainly by increased demand from the transport sec-
tor, where there are limited substitution possibilities. Growth in oil con-
sumption is strongest in the rapidly growing developing APEC economies, 
where strong growth in the transport sector results from high economic 
growth and the sharp rise in private vehicle ownership.

Energy production in APEC economies
Energy production in the APEC region is projected to expand by 22 per cent 
between 2003 and 2015. Much of the growth in APEC energy production 
(70 per cent) is concentrated in the natural gas and coal sectors. In contrast, 
APEC oil production is projected to increase by only 15 per cent between 
2003 and 2015.

APEC energy trade
APEC’s net energy imports are projected to expand by 67 per cent between 
2003 and 2015, exceeding 1000 million tonnes of energy equivalent (Mtoe) 
by 2015. The principal reason for the increase in the region’s dependence 
on imported fuel is a large rise in net oil imports, from 716 Mtoe in 2003 to 
almost 1100 Mtoe by 2015. In contrast, the APEC region’s position as a net 
exporter of coal and gas is projected to remain steady throughout the pro-
jection period. At 2015, APEC net exports amount to 42 Mtoe for natural 
gas and 98 Mtoe for coal.

Quantifying the economic effects of sustained 
high oil prices
To estimate the potential impacts of a sustained increase in world oil prices, 
two oil price scenarios are simulated. 

Scenario 1 – world oil prices increase by 30 per cent above the refer-
ence case in 2006 and are maintained at this higher level until 2010 
(moderate sustained oil price rise)

Scenario 2 – world oil prices increase by 60 per cent above the refer-
ence case in 2006 and are maintained at this higher level until 2010 
(high sustained oil price rise).
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In each of the scenarios it is assumed that world oil prices increase from  
reference case values by the level indicated above for five years from 2006 
to 2010 before gradually returning to reference case levels for the remain-
der of the simulation period.

Impacts on oil consumption
The results from scenarios 1 and 2 indicate that a sustained increase in oil 
prices could have significant impacts on APEC economies and their energy 
sectors. The extent of these impacts on an economy will depend on the 
economy’s net oil import position and on the economy’s reliance on oil. 
The percentage decline in oil consumption is typically higher in developing 
APEC economies because many of these economies are relatively more oil 
intensive and heavily reliant on oil imports.

Impacts on economic output
As a result of the sustained increase 
in oil prices, and the associated 
increase in production costs, total 
economic activity across APEC con-
tracts relative to the reference case. 
The extent of the impacts on gross 
national product (GNP) is dependent 
on both an economy’s oil intensity 
and import dependency. An economy 
with relatively high oil intensity and 
high reliance on imports will be more 
adversely affected by rising oil prices 
than an economy with lower oil inten-
sity. Figure A shows the change in 
GNP by economy for scenario 2 in 
2006.

Impacts on trade
The increase in the value of oil imports because of significantly higher 
world oil prices leads to a decline in the terms of trade for net oil importing 
APEC economies. For net oil exporting APEC economies the change in 
terms of trade is positive.

A GNP change for scenario 2 in 
2006 relative to the reference case

Chile

Viet Nam
United States
Thailand
Singapore

Russian Federation
Korea, Rep. of
Philippines
Peru
New Zealand

Mexico
Malaysia

Japan
Indonesia

Hong Kong, China
Chinese Taipei
China

Canada
Australia

–4 –3 –2 –1 % 1 2 3 4
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Impacts of sustained energy price increases
It is important to recognise that the recent increases in oil prices have been 
accompanied by increases in the price of other energy commodities, such as 
gas and coal. This is modeled in a third scenario. 

Scenario 3 – world oil and gas prices increase by 60 per cent and ther-
mal coal prices increase by 30 per cent above the original reference case 
in 2006 and remain at the higher level until the end of the simulation 
period in 2010. 

This simulation illustrates that in many APEC economies the projected 
reduction in economic output is likely to be relatively greater under a sus-
tained increase in overall energy prices than under a sustained increase in 
oil prices alone.

Impacts of accelerated uptake of efficient transport  
technologies
The transport sector is currently the largest consumer of oil in all APEC 
economies. In the short term, demand for oil is relatively unresponsive to 
price movements because of the limited availability of commercially viable 
oil substitutes. However, in the medium to long term a sustained increase in 
oil prices may lead to continued improvements in fuel efficiency of trans-
port vehicle technologies.

Two hypothetical transport technology scenarios were conducted to analyse 
the potential reductions in fuel use that might arise from increased adoption 
of more efficient transport technologies. In establishing two hypothetical 
transport technology scenarios, it is assumed that extended higher oil prices 
contribute to the increased adoption of more fuel efficient technologies. 
Therefore, the technology adoption scenarios are reported against a fourth 
scenario.

Scenario 4 – world oil prices increase by 60 per cent above the original 
reference case in 2006 and remain at the higher level until the end of the 
simulation period in 2015. There is no additional transport technology 
adoption in this scenario.

The two additional transport technology adoption scenarios incorporate the 
following assumed information into scenario 4:
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Scenario 5 – 10 per cent of new vehicles are hybrids that are 25 per cent 
more fuel efficient than new nonhybrid vehicles in all APEC economies.

Scenario 6 – 20 per cent of new vehicles are hybrids that are 40 per cent 
more fuel efficient than new nonhybrid vehicles in all APEC economies.

It is also assumed that as a result of the sustained high oil prices and gradu-
ally improving success of hybrid vehicles in the market, particularly in some 
of the developed economies, the average fuel efficiency of new nonhybrid 
vehicles brought online from 2006 is 2.5 per cent higher than new vehicle 
additions in the reference case.

Impacts on fuel consumption
In both transport technology adoption scenarios 5 and 6, the more rapid 
uptake of hybrid vehicles and the increased fuel efficiency of new non-
hybrid vehicles are projected to lead to sizable reductions in the growth of 
fuel consumption by the transport sector throughout APEC over the period 
2006–15.

In scenario 5, APECwide fuel consumption by the transport sector is pro-
jected to grow by 21 per cent over the period 2006–15, compared with 25 
per cent in scenario 3. In scenario 6, however, where more fuel efficient 
hybrid vehicles are more widely adopted, fuel consumption by the trans-
port sector in APEC is projected to grow by 16 per cent between 2006 and 
2015.

Role of technology in fuel supply: the case of 
coal-to-liquids
Currently, technologies exist that can be used to produce liquid fuels from 
sources other than crude oil. One technology that has generated signifi-
cant interest in the APEC region is the production of liquid fuels from coal 
(so-called coal-to-liquid technology). Some member economies, including 
the United States, Japan and China, have either begun the construction of 
coal-to-liquids plants or devoted resources to study the viability for com-
mercialisation of such technologies.

A major attraction of coal-to-liquids in the APEC region is the vast deposits 
of coal in several member economies, including the United States, China, 
Australia, Canada and Indonesia. Commercialisation of coal-to-liquids 
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technology has the potential to enhance energy security and fuel supply in 
the region and reduce the dependence of the region on crude oil imports.

Development of coal-to-liquids technology
Two different approaches exist for producing liquid fuels from coal: direct 
coal liquefaction (DCL) and indirect coal liquefaction (ICL). DCL technol-
ogy involves making a partially refined synthetic crude oil from coal, which 
is further refined into synthetic gasoline and diesel as well as liquefied 
petroleum gas (LPG). ICL technology involves first gasifying coal to make 
synthesis gas (syngas) and then making synthetic fuels from this syngas.

Commercial readiness
The lack of cost competitiveness of the DCL process has been the primary 
obstacle to commercial development. In response to rising domestic demand 
and high and volatile world oil prices, there has been significant interest in 
DCL technology in China recently. There are presently also several com-
mercial projects worldwide involving ICL technology.

Potential implications for world oil market
Higher price differentials between crude oil prices and other liquid fuel 
sources such as coal, if sustained, may potentially provide incentives for the 
development and production of liquid fuels derived from sources other than 
crude oil. A combination of higher fuel price differentials and technologi-
cal advancements may potentially make the production of alternative fuels 
more economical, especially over the medium to longer term. There are, 
nevertheless, hurdles in developing an industry for alternative fuels. In the 
case of coal-to-liquids, a major hurdle facing the startup of such an industry 
is the high capital costs associated with the construction of commercial 
sized plants.

The impact of coal-to-liquids technology on world oil prices will depend 
on the extent to which production of liquid fuels from coal increases in the 
future. If coal-to-liquids technology is widely adopted commercially by the 
APEC economies in the long term, production of liquid fuels from coal 
will increase significantly. This will reduce the dependence of the APEC 
region on crude oil imports and provide greater security for fuel supply in 
the region.
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Trade and investment barriers in APEC
Free and open trade and investment is one of the core principles of APEC. 
The impact of various international arrangements on trade and investment 
liberalisation has been quite significant. Although average tariffs have fallen 
in most APEC member economies, individual tariffs and related trade barri-
ers on a number of products remain high. The tariffs on fossil fuels, such as 
coal, oil and gas, are the lowest among categories of products. Only a few 
member economies impose tariffs on imports of crude oil and these are at 
low rates. Among these are Chile (8 per cent), Chinese Taipei (2.5 per cent), 
Republic of Korea (5 per cent) and Mexico (10 per cent).

Although APEC economies have made significant reductions in their tar-
iffs, there are still opportunities to obtain economic benefits from further 
trade reform.

Some investment barriers still remain
APEC economies have been implementing structural adjustments of their 
economies, including deregulation of energy markets. In these economies, 
both upstream and downstream reforms of energy markets have been under-
taken. The major upstream reforms relate to the removal or easing of con-
trols on private and foreign involvement. Downstream reforms have also 
been widely implemented, although these activities remain heavily regu-
lated in many economies. Despite these reforms, distortions still remain 
in many APEC economies. Governments in all APEC economies either 
restrict or ban foreign ownership of domestic assets in certain sectors. In 
most instances these restrictions or bans apply to transport and commu-
nication, financial services and in the development of natural and energy 
resources particularly oil and natural gas.

Gains from trade and investment liberalisation
Analysis of the Bogor Declaration shows that the implementation of trade 
liberalisation according to the principles and timetable agreed in the declara-
tion could increase total APEC GDP by around 0.75 per cent in 2020. Addi-
tionally, when liberalisation of investment regimes, including liberalisation 
of foreign direct investment in APEC, is undertaken, additional GDP gains 
ranging from 0.5 to 2.7 per cent relative to trade liberalisation only are 
expected by member economies. If energy sector reform alone is under-
taken, it may be also expected that economic gains could be attained as the 
energy sector is highly regulated in many APEC economies.
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Limitations in the capacity to respond to oil price increases
Barriers to investment in the APEC region are expected to have a limit-
ing effect on the ability of APEC as a region to adjust to sustained price 
increases in oil. The limitations may occur in three main areas: the ability to 
increase oil production within APEC; the ability to substitute oil with other 
energy products; and the ability to develop and introduce new technologies 
that are less oil intensive and to develop alternative processes in producing 
liquid fuels.

An important intervention in the energy sector in some APEC economies is 
the provision of fuel subsidies, including subsidies for consumption of pet-
rol, diesel and other oil products. This intervention may provide short term 
relief to consumers but distorts energy markets and exacerbates the negative 
impacts of oil price rises on an economy.

Investment – key to moderating adverse effects of sustained oil price 
increases
Investment drives economic growth. It brings more inputs into the produc-
tion process and builds the productive capacity of an economy. It brings 
not only financial resources, but technologies and management skills that 
increase productivity. The significance of investment in increasing economic 
growth motivates governments to seek investments from both domestic and 
international sources.

The importance of investment is even more crucial in the energy sector 
because energy is an integral part of economic activity, and investment in 
energy facilities is essential to support economic growth. In recognition 
of the region’s needs for investment, APEC has given priority to facilitat-
ing investment in the energy sector, fostering efficient capital markets, and 
engaging international financial institutions and the private sector.

By removing the investment barriers and improving the domestic environ-
ment for investment, many APEC economies, particularly developing econ-
omies, can enhance their capacity to respond to changes in energy market 
developments such as sustained oil price increases.

Implications and responses
Oil is a vital input to economies in APEC. Sustained higher oil prices have 
the potential to cause significant adverse impacts on many economies, 
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depending on the size and duration of the price increases, the flexibility of 
domestic energy markets to substitute different fuels and technology, and 
the oil import dependence of the domestic economy. Based on the eco-
nomic modeling undertaken, the key impacts of sustained high oil prices 
include a reduction in economic output and deterioration in the terms of 
trade for most APEC economies.

The effect of sustained high oil prices on economic growth in APEC econo-
mies is influenced largely by factors such as the oil intensity and oil import 
dependence of individual economies, and the interplay between the income 
transfer and output effects associated with the oil price increases. The oil 
importing developing economies in the region would generally suffer the 
most, as some of these economies are more oil intensive and less able to 
cope with the financial burden brought about by higher oil import costs. 
These adverse impacts will be accompanied by deterioration in the terms of 
trade in these economies.

Emerging technologies could slow the growth in  
transport fuel demand
The transport sector accounts for the largest share of oil consumption in 
many APEC economies. Hence the improvement in fuel efficiency on the 
consumption side, involving emerging technologies as well as those already 
available, can play a crucial role in slowing the level of growth of oil con-
sumed in many APEC economies. This is particularly relevant in APEC 
economies where demand for transport fuels is triggered by continuing 
income increases in the medium to long term.

There is a range of fuel efficient transport vehicle technologies currently 
available, including hybrid vehicles and fuel cell vehicles. Although some 
of these technologies are only just entering into the commercial market, 
their cost effectiveness, economic viability and market penetration are 
likely to continue to improve in coming years.

Potential role of technological progress on the supply side
A range of technologies currently available have the potential to produce 
liquid fuels from alternative sources, not requiring crude oil. Active encour-
agement of the development and commercialisation of such technologies is 
another policy response that APEC economies could consider to reduce the 
oil dependence of the region.
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Increasing need for the removal of investment barriers
Acceleration of efforts to remove investment barriers is another key policy 
response that APEC economies could consider. This would facilitate timely 
investment in production, processing, distribution and storage capacity in 
the energy sector in general and could also encourage investment in more 
fuel efficient energy technologies that would reduce the overall energy 
intensity of APEC economies.
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introduction

APEC economies (see box 1) account for a considerable proportion of the 
world’s oil production and an even larger share of world oil consumption. 
As a result, if current high oil prices were to increase further and remain 
at a higher level for a sustained period, the potential impact on economic 
growth and trade within the region, and elsewhere, could be considerable.

There has been awareness in the APEC region for some time, however, of the 
economic and security risks posed by high oil prices. In 2002, in response 
to the risks posed to the world economy by volatility in the oil market, the 
APEC Energy Working Group developed the APEC Energy Security Initia-
tive (ESI) (APEC EWG 2004). Following high oil prices throughout 2004, 
member economies committed to implement measures identified in the ESI 
to promote sustainable development and common prosperity. They also 
recognised the importance of an assessment of the economic implications 
of high oil prices on the APEC region, culminating in this report.

Oil prices have been closely linked to the growth and development of econ-
omies over a long period of time. Empirical research draws a link between 
the price of oil and significant macroeconomic indicators, such as GNP, 
the trade balance, unemployment, inflation and interest rates (IMF 2005a). 

1

Box 1: Asia Pacific Economic Cooperation

The Asia Pacific Economic Cooperation (APEC) group was formed in 1989, 
with twelve member economies. Since then, membership has grown to include 
twenty-one economies, incorporating a range of different economic systems 
and levels of development. APEC agreements and dialogue span a wide range 
of issues, including agriculture, government, human rights, education, industry, 
energy and trade. Of particular importance to this report, was the formation of 
the APEC Energy Working Group (EWG) in 1990. The EWG has five report-
ing bodies that cover the areas of energy data and outlook, clean fossil energy, 
energy efficiency and conservation, technology cooperation, and minerals and 
energy exploration and development.
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It suggests that the price of oil can have a major impact on the health of 
domestic economies. Those relationships, and concerns about the effect of 
current and future prices, motivate analysis into the significance and likely 
economic effects of sustained increases in international oil prices.

Study objectives
The purpose in this report is to examine the impact of higher oil prices on 
trade and economic growth in the APEC region. The key objectives are to:

n quantify the effects of sustained increases in oil prices on macroeco-
nomic indicators and patterns of trade within the APEC region;

n undertake detailed economic modeling to quantify these effects under 
a number of oil price scenarios;

n examine the extent to which trade and investment barriers limit the 
capacity of regional markets to respond to changes in energy prices; 
and

n explore the possibilities of mitigating the impact of sustained higher oil 
prices through the adoption of alternative, energy efficient technolo-
gies.

Research methodology
ABARE’s global trade and environment model (GTEM) is used in this 
study to model the impacts of sustained higher oil prices within APEC on 
national and regional trade and key economic indicators. Economies in the 
APEC region are grouped as either net oil importers or exporters. Key eco-
nomic indicators, including economies’ GDP and share of world GDP are 
shown in box 2.

Two sets of alternative scenarios are used to assess the trade and macroeco-
nomic impacts of sustained oil price increases relative to a reference case 
scenario. In the first set, scenarios 1 and 2 model the effects of sustained oil 
price increases of 30 per cent and 60 per cent above reference case levels 
respectively, with oil prices maintained at the higher level between 2006 
and 2010. A third scenario is also undertaken to illustrate the potential mac-
roeconomic impacts of high energy prices, including a 60 per cent increase 
for both oil and gas prices, and a 30 per cent increase in world thermal coal 
prices. The rationale for scenario 3 is based on recent increases in oil prices 
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being accompanied by increases in the prices of other energy commodities, 
including gas and coal. In the second set of scenarios, potential impacts on 
fuel consumption from the adoption of more efficient transport technology 
are modeled, assuming 60 per cent higher oil prices extended until 2015.

In the short term, demand for oil is relatively insensitive to price move-
ments as a result of a lack of suitable substitutes and the strong link between 

Box 2: Key economic and energy consumption indicators for APEC 
member economies, 2003

	 GDP			 		 Share	of	 Net	oil	
	 per	person	a	 GDP	a	 world	GDP	 exports

 US$ US$ b % ’000 bp/d

United States 36 520 10 626 21.0 –11 449
Canada 30 936 977 1.9 364
Australia 27 818 556 1.1 –93
Japan 27 574  3 518  7.0 –4 482
Hong Kong, China 27 239 188  0.4 na
Chinese Taipei 23 558 537  1.1 –1 009
Singapore 23 552 100 0.2 –827
New Zealand 21 038 83 0.2 –84

Korea, Rep. of 17 280 837 1.7 –2 360
Brunei Darussalam 15 407 6 0.00  201
Chile 9 992 158 0.3 –235
Malaysia 9 471 237 0.5 254
Mexico 9 070 929 1.8 2 205
Russian Federation 9 001 1 290 2.6 4 825
Thailand 7 070 454 0.9 –758
Peru 4 990 142 0.3 –59
China 4 900 6 354 12.6 –1792
Philippines 4 345 352 0.7 –275
Indonesia 3 342 730 1.4 112
Viet Nam 2 337 189 0.4 365
Papua New Guinea 2 185 12 0.02 na

APEC total 28 274 56.2 –15 097

World 50 497 100.0 –

a Gross domestic product based on purchasing power parity (PPP); APEC economies are ranked 
according to GDP per person in 2003. na Not available.
Source: IMF (2004).
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oil consumption and economic activity. However, if high and volatile oil 
prices were to continue in the longer term, it is likely that more resources 
would be devoted to research and development of more energy efficient 
technologies and the production of fuels from sources other than crude oil. 
Consequently, a discussion of the possible future role of technologies such 
as coal-to-liquids is also presented in this report.

The ability of APEC economies to respond to changes in relative energy 
prices depends on the flexibility of individual economic structures and the 
degree of substitutability between fuels. Where trade and investment bar-
riers limit such flexibilities and the associated responses, the impacts of 
high oil prices are likely to be more substantial in terms of macroeconomic 
performance and trade patterns. Consequently, an assessment of trade and 
investment barriers and their likely impacts on economies’ abilities to 
respond to oil price changes over the medium to longer term is also dis-
cussed in this report.

Report structure
In chapter 2, world oil market development issues are discussed in the con-
text of the recent higher oil prices. Both supply and demand side issues are 
briefly explored.

An overview of oil production and consumption in the APEC region is pro-
vided in chapter 3, including a brief description of the production and use 
of coal, gas, nuclear and renewable energies. Oil intensity is discussed as 
an indicator of how economies may be affected by higher oil prices. A sum-
mary of oil trade in the region, and an outline of the oil stockpiling polices 
of APEC economies are also covered in this chapter.

In chapter 4, the modeling approach for the alternative scenarios is dis-
cussed in detail and the reference case scenario is outlined. The assump-
tions and timeline for the reference case, and the increased oil price sce-
narios are also addressed.

Chapter 5 consists of two sections. The first section presents the GTEM 
model results for scenarios 1 and 2, compared with the reference case sce-
nario. The second section presents the results from scenarios 3, 4 and 5, 
where possible implications of the accelerated uptake of more efficient 
transport technologies over the period to 2015 are assessed.
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In chapter 6, the role of new technology in fuel supply is discussed, with 
a particular focus on ‘coal-to-liquids’ technology. This includes technical 
issues and the potential for development, the commercialisation process, 
production and operation processes associated with coal-to-liquids tech-
nologies.

A discussion of the trade and investment regimes of the APEC region, with 
a particular emphasis on the energy sector is provided in chapter 7, while 
chapter 8 provides some concluding remarks.
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oil market development issues

Recent movements of oil prices in perspective
A key characteristic of the oil market is its price volatility. Recently, how-
ever, oil prices have followed a steep upward trend, approaching historical 
highs. Based on the West Texas Intermediate (WTI) oil price, both real and 
nominal oil prices are currently at their highest since the early 1990s (figure 
1). In nominal terms, the percentage increases in prices of different grades 
of oil between 2002 and 2005 have been almost identical. All have more 
than tripled since the beginning of 2002 (box 3). While the increases are 
proportionally similar, the absolute difference between light, sweet oils and 
heavy, sour oils have been much greater in 2005 than in 2002.

Between 2000 and 2004, production of sour crude oil increased by 3 per 
cent, while production of medium and heavy crude oil increased by 4 per 
cent and 1 per cent respectively. On the other hand, production of light 
oils decreased by 4 per cent (OPEC 2005). Overall, average trade weighted 
oil prices are still lower than during either of the previous world oil crises 
— in the early to mid-1970s and the late 1970s to early 1980s (figure 1; 
EIA 2005f). The rapid increase in real oil prices during the past twelve 

2
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months, however, has raised concerns about the impact of further increases 
and whether the effects of previous price peaks will be repeated. Although 
extremely high peaks could affect economic growth, inflation, unemploy-
ment, interest rates and trade balances, many economies, particularly devel-
oped economies, have become more energy efficient than they were in the 
1970s and 1980s (IMF 2005a), reducing the potential adverse impact of 
high oil prices.

While oil price increases of the past may have resulted from political tur-
moil in major oil producing regions, recent high oil prices are a result of a 

Box 3: Types of crude oil, their attributes and price differentials

There are two attributes of crude oil generally described: viscosity (relative 
weight or API gravity) and sulfur content. Oils that are more viscous are con-
sidered to be ‘heavy’, while less viscous oils are described as being ‘light’. 
Light oil is considered to have an API of greater than 35, medium is between 
26 and 35, and heavy is less than 26 API.

Similarly, the higher the sulfur content the more ‘sour’ an oil is, as opposed to 
low sulfur oil, which is ‘sweet’. Oil with a sulfur content of more than 0.5 per 
cent is considered to be sour.

The more viscous and high in sulfur an oil is, the more costly and complex the 
refining process (Hamilton 2005).

West Texas Intermediate (WTI): a light, 
sweet oil, ideal for producing low sulfur 
fuels; mainly used in the United States. 
As one of the most widely used bench-
marks for oil prices, WTI prices have 
been used throughout this report

Brent: not as light or sweet as WTI, but 
still considered to be a high grade crude 
oil; mainly used in Europe.

OPEC market basket: slightly heavier 
and sourer than Brent; used around the 
world.

Mexican Maya: a heavy, sour oil.

Dubai: a medium, sour oil.
 Source: EIA (2005f); OPEC (2005).

Oil price spread  

US$/bbl 

10

20

30

40

50

60

Maya

OPEC

WATW

Brent

Dubai

WTI

2002 2003 2004 2005 

Weekly, ended 14 August 2005
Nominal prices 



�� Oil prices and trade in APEC

number of interrelated market factors, including increasing global demand; 
a decrease in spare production capacity; a lack of investment in downstream 
production capacity, particularly in oil refineries; environmental constraints 
associated with both end consumption and the establishment of new refin-
eries; and ongoing geopolitical and economic disturbances in some of the 
major oil producing regions.

Increased global demand for oil
World demand for oil has grown steadily in recent years, with global oil 
consumption rising by 3.7 per cent in 2004 following strong economic 
growth and the expansion of oil intensive sectors, particularly transport 
(IEA 2004a; IFP 2005). Until 2005, the rapid growth in demand for oil 
was driven largely by economic growth in the United States and China. In 
China, for example, demand for oil grew by 15 per cent in 2004. Demand 
in the United States grew at 3.5 per cent in 2004 (Bailey, Mollard et al. 
2005).

Although recent forecasts suggest that the rate of growth in world demand 
for oil could begin to ease in 2005, the absolute volume of oil demanded 
will continue to increase. Future increases in the growth of demand for oil 
are most likely to occur in rapidly developing economies, although the larg-
est volume of oil will continue to be consumed in developed economies. 
ABARE analysis indicates that world oil consumption could rise by 1.9 per 
cent in 2005 and 1.8 per cent in 2006 (Bailey, Mollard et al. 2005).

Decrease in spare production capacity
Contrary to global demand, global spare crude oil production capacity has 
fallen to its lowest level since 1970 (figure 2a). Historically, high spare 
production capacity has been associated with low real oil prices, and low 
spare production capacity with high real oil prices (figures 2b; IMF 2005b). 
Since 2002, spare production capacity has been declining and oil prices 
have risen. Furthermore, low spare production capacity has also been asso-
ciated with high levels of price volatility (figure 2c). In other words, as 
spare production capacity has fallen, both real prices and their volatility 
have increased in recent years. As shown in table 1, spare production capac-
ity, represented as a percentage of total capacity, has fallen since December 
2002. Although global oil production capacity has increased, global demand 
has increased at a higher rate. Combined with the increased demand for oil, 
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particularly from the United States and China, the historically low spare 
production capacity has been a major factor contributing to the recent oil 
price increases (IMF 2005b).

In response to the declining level of spare production capacity, OPEC has 
committed to maintain spare capacity of at least 1.5 million barrels a day. 
However, based on the oil shortages of the late 1970s, significantly higher 
spare production capacity, of more than 3–4 million barrels a day, would 
be required to stabilise current oil markets (IMF 2005b). The IMF (2005a) 
estimates that spare production capacity is likely to remain low, as current 
plans for expansion and replacement projects are forecast to just keep pace 
with demand. According to the IMF (2005a), projections of demand and 
supply of crude oil suggest that spare production capacity may remain low 
throughout the period to 2010.

Shortage of suitable refineries and tightened 
environmental standards
The current limited spare oil production capacity is partly the result of the 
low investment during the 1990s, owing to the low average real oil prices 
in that period (IMF 2005a). Furthermore, high and rising exploration costs, 
and high oil price volatility may also have contributed to producers’ reluc-
tance to engage in major crude oil projects with uncertain payoffs.

A shortage of refining capacity reflects not only low investment in capac-
ity, but also a mismatch at the margin between available refineries and the 
type of crude oil being pumped (IMF 2005a). The mismatch between the  

1 Global oil market: demand and capacity a 

	 December

	 		 2002	 2003	 2004	 2005

Capacity mbd 79.9 80.0 81.7 83.3
Demand mbd  76.9 78.1 80.0 81.5–82.0
Spare production capacity mbd  3.0 1.9 1.7 1.3–1.8
Spare production capacity as a  
  percentage of total capacity % 3.8 2.4 2.1 1.6–2.2

a Million barrels per day, excludes natural gas liquids
Source: IMF (2005a).
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available grades of crude oil and the prevailing refinery capacity has con-
tributed to current higher oil prices in two key ways.

First, ‘sour’ and ‘sweet’ oils require different types of refining. ‘Sour’ 
grades (such as those commonly pumped in Saudi Arabia) are more costly 
and complex to refine into clean, low sulfur fuels than ‘sweet’ grades (such 
as those common to the United States). The upgrade of refineries to refine 
‘sour’ oils is expensive and time consuming. Even in refineries where ‘sour’ 
oil can be processed, higher costs are involved. Oil with higher sulfur con-
tent has increased health risks associated with refining and higher over-
head costs. Processing sour, heavy oil into sweet, light oils to meet market 
demand is also costly — the more stringent the regulations determining 
sulfur content and viscosity, the lower the yield of sweet, light oil products 
per litre of heavy, sour crude oil (Chernoff 2004).

Second, the demand for oil in many markets, particularly transport markets 
in developed economies, has increasingly been for light, sweet crude oils. 
This has largely been the result of regulations mandating lower levels of 
sulfur in petrol and diesel fuels. There have already been changes to regu-
lations in Canada, Europe, Japan and United States restricting the level of 
sulfur in fuels. Further restrictions are scheduled in 2006 for both Japan and 
Europe (Chernoff 2004).

In order to increase the volume of heavy, sour crude being refined into 
light, sweet petroleum products, existing facilities will require upgrading, 
replacement and expansion. At the same time, other downstream indus-
tries, specifically pipelines and tankers, will also need to be maintained and 
expanded. Bottlenecks in all three of these areas have increased the pressure 
on oil derivative products, and will continue to do so in the short term (IMF 
2005a). While estimates of the level of investment needed to meet global 
demand for oil vary, the IEA (2004a) projects that annual investment of 
US$105 billion will be required by the oil industry between 2005 and 2030. 
Of this projected investment, only 25 per cent would be directed toward 
meeting new demand; the rest would be for maintaining or replacing exist-
ing production areas, refineries, pipelines and other facilities.

Barriers to increased production
Investment decisions to fund oil exploration, production and downstream 
industries are complicated by uncertainties about oil prices and demand, 
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and the lead time (anywhere from two to eight years) for new capacities to 
be developed. The experience of overinvestment following record high oil 
prices in the 1970s is likely to increase the degree of cautiousness exercised 
by investors in their decisions (IMF 2005a).

In some oil producing regions, including some within APEC, there are also 
significant restrictions on foreign investment. These include limits on the 
percentage of foreign ownership, discriminatory screening processes and 
performance requirements. As increased oil production is only feasible at 
a few major oil producing areas, unless new reserves are discovered, the 
likelihood of new stakeholders being able to invest is uncertain, and will 
depend on regulatory barriers and incentives in place (IMF 2005a).

Even in areas where investment is legally permitted, there may remain cer-
tain environmental requirements that influence the level of investment. The 
effects of environmental regulations restricting the permissible sulfur con-
tent of oil products is an example.

Regulations on upstream investment can affect access to wilderness areas. 
An example is the current debate in the United States over whether or not 
drilling can be carried out in the Arctic National Wildlife Refuge. There are 
also potential issues associated with the negative environmental impact of 
operations, including gas flaring and the disposal of drilling mud (Stevens 
2005).

Refineries, pipelines and tankers are also affected by environmental regula-
tions and policies. The most significant effect, apart from instances where 
new developments are prohibited, is the increase in capital and operating 
costs. In some instances, even where development is permitted, these costs 
may render oil industry developments prohibitively expensive. In the United 
States, for example, the last refinery built was in 1976, and there are no cur-
rent plans for new refineries (IMF 2005a). Increased refinery capacity is 
more likely to be the result of refineries expanding their existing capacities. 
Stevens (2005) also highlights that because of the high environmental costs 
of refinery closure, at least in the United States, it is unlikely that refineries 
unable to convert, refurbish or expand their refining capacities will actually 
close. Instead, although still designated as ‘refineries’ they will simply stop 
refining operations.
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 Global trends in expansion of downstream facilities demonstrate the com-
bined effects of these barriers to investment, and suggest that there will be 
a lag between current high oil prices and improved refining capacity. China 
is embarking on a number of different projects, including two new refiner-
ies and the upgrading of several other refineries to process heavier, sourer 
grades of crude oil. In Brazil, significant investment in refining capacity 
is scheduled to occur between 2005 and 2010. Three major oil exporters 
— the Russian Federation, Saudi Arabia and Iran — are also planning vari-
ous degrees of expansion in their downstream industries. In the short term, 
however, the earliest that any of these projects are anticipated to finish is 
2008, with many not due for completion before 2010. This suggests that the 
bottlenecks and pressure on existing producers and refiners may continue 
for some time.

Geopolitical tension
The impact of increasing global demand for oil, low spare crude oil pro-
duction capacity, a lack of refining facilities and barriers to investment in 
oil production, refining or transport have all been exacerbated by geopo-
litical tension in some oil producing regions. Turmoil, both political and 
economic, in producing regions has disrupted supply on occasion, and 
adversely affected the ability of oil markets to ensure a smooth supply of 
oil. As a result, oil importing economies, especially those with an increasing 
demand for oil and a high dependence on oil imports, are reassessing their 
current supply chains, and many will endeavor to establish secure supplies 
from a range of sources. A number of APEC economies have been pursing 
this path. This has been evident in ongoing negotiations between the Rus-
sian Federation and both China and Japan on the prospect of transporting 
oil through pipelines from eastern Siberia to Daqing (China) and Nakhodka 
(a port on the far eastern coast of Russia) (IEA 2004a); the pursuit of oil 
exploration by national oil companies in foreign production areas (APERC 
2003a); and the increasing implementation of stockpiling measures within 
the region (Hogan et al. 2005).
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crude oil consumption, production 
and trade in APEC
The twenty-one members of APEC vary significantly in the size and struc-
ture of their economies, income levels, energy consumption and produc-
tion, oil endowments and access to external supplies of oil. In this chapter, 
the structure of oil markets in the APEC region is discussed, focusing on oil 
consumption, intensity, production, trade and stockpiling arrangements.

Crude oil and energy consumption
Total primary energy consumption (TPEC) measures the total energy con-
sumed within an economy, including both renewable (wind, hydro, geo-
thermal etc.) and nonrenewable energy sources. Although the focus in the 
report is on the effect of higher oil prices on trade in the APEC region, a 
significant change in the price of oil would invariably affect the mix of fuels 
consumed in the APEC region. In 2003, TPEC in APEC was 6176 million 
tonnes of oil equivalent (Mtoe). Developed APEC economies accounted for 
more than half of TPEC in the region (IEA 2005a,b).

For APEC as a whole, oil accounted for the largest share of TPEC in 2003 
(2149 Mtoe), at 35 per cent (table 2). In individual economies, the share 
of oil in the primary energy mix varies considerably, from 79 per cent in 
Singapore to 19 per cent in China. On average, oil was a significant energy 
source in all member economies in 2003.

Coal had the second largest fuel share of TPEC for the whole of APEC in 
2003, at 29 per cent. China dominates the consumption of coal, with a 60 
per cent share. Other economies ranged from no use of coal (Brunei Darus-
salam and Singapore) to 43 per cent in Australia. The third largest source 
of energy in the region was natural gas, which accounted for 20 per cent of 
TEPC in the APEC region in 2003.

Nuclear energy was important in some economies (Canada, Chinese Tai-
pei, Japan, Korea and the United States) but was not utilised in more than 
half the APEC economies. The total share of nuclear in TPEC in the APEC 
region was 6.2 per cent in 2003.

3
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Finally, renewable energy resources made up 9 per cent of the APEC 
region’s TPEC in 2003. Developing economies in the APEC region gener-
ally had the highest shares of renewable energy in TPEC, which reflected 
high levels of combustible/renewable waste in most cases.

2 Fuel shares in total primary energy consumption (TPEC) in APEC  
economies, 2003 a

	 	 	 	 	 	 	 	 Com-	 All	
	 	 	 	 	 	 Geo-		Solar/	 bustible/		 renew-	
	 	 	 	 Nuc-	 	 ther-	 wind		renewable		 able
	 Coal	 Oil	 Gas	 lear	 Hydro	 mal	 etc.	b	 waste	c	sources

 % % % % % % % % %
Net	oil	importers
Australia 43 32 20 0 1.2 0 0.1 4 6
Chile 11 41 26 0 7.4 0 0 15 23
China, People’s 
  Republic 60 19 2 0.8 1.7 0 0 16 17
Chinese Taipei 37 44 7 10.3 0.6 0 0 1 2
Hong Kong, China 41 51 8 0 0 0 0.0 0 0
Japan 21 50 14 12.1 1.6 0.6 0.1 1 4
Korea, Rep. of 23 49 11 16.5 0.2 0 0 0 1
New Zealand 10 39 22 0 11.7 11.4 0.4 5 28
Philippines 11 37 5 0 1.6 20.0 0 24 46
Peru 6 57 5 0 13.3 0 0.5 19 32
Singapore 0 79 20 0 0 0 0.6 0 1
Thailand 11 46 26 0 0.7 0 0 17 17
United States 23 40 23 9.0 1.1 0.4 0.1 3 5

Net	oil	exporters
Brunei Darussalam 0 27 72 0 0 0 0 1 1
Canada 12 35 30 7.5 11.1 0 0 4 16
Indonesia 12 36 22 0 0.5 3.4 0 27 31
Malaysia 7 49 39 0 0.9 0 0 5 5
Mexico 5 57 26 1.7 1.1 3.4 0 5 10
Russian Federation 17 21 53 6.2 2.1 0 0 1 3
Viet Nam 13 24 6 0 3.7 0 0 53 57

APEC d 29 35 20 6.2 1.8 0.5 0.1 7 9
World 24 34 24 6.5 2.2 0.4 0.1 11 13

a Total primary energy consumption (TPEC) is also referred to as total primary energy supply (TPES). 
Includes minor adjustments in electricity and heat for Canada; Hong Kong, China; and the Russian 
Federation. b Includes solar, wind, tide and wave energy. c Combustible renewables and waste. d APEC 
total excludes Papua New Guinea.
Source: IEA (2005a,b).
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End use consumption of oil
Most of the demand for oil in APEC economies came from three sectors: 
transport, industry and agriculture (table 3). Each of these sectors is highly 
dependent on oil, with limited substitution options in the short to medium 
term.

3 Share of petroleum products in total final energy consumption in APEC 
economies, by end use activity, 2003

	 	 	 	 Com-	 	 Non-	
	 	 	 	 mercial	 	specified	 	
	 	 	 	 and	 	 other	 Non-	
	 	Trans-	 Agri-	 public	 Resi-	 energy	 energy	
	 Industry	 port	 culture	 services	 dential	 use	 use	 Total

 % % % % % % % %
Net	oil	importers
Australia 15 98 93 9 4 – 100 52
Chile 22 99 56 28 18 – – 43
China, People’s 
  Republic  16 92 51 53 5 0 66 24
Chinese Taipei 52 99 82 23 23 39 84 60
Hong Kong, China 71 100 – 14 4 0 100 65
Japan 46 98 97 48 34 100 100 62
Korea, Rep. of 57 99 84 41 21 100 100 62
New Zealand 6 99 66 9 4 – 100 49
Philippines 23 100 100 51 21 0 58 51
Peru 52 100 47 92 29 – 100 60
Singapore 80 99 0 0 0 – 100 78
Thailand 24 100 99 0 20 0 100 53
United States 26 97 96 9 12 0 100 54

Net	oil	exporters
Brunei Darussalam 65 100 – 0 40 0 100 68
Canada 25 92 63 27 10 – 97 44
Indonesia 31 100 100 7 20 – 100 41
Malaysia 34 100 100 27 19 – 100 60
Mexico 35 100 78 37 42 – 100 67
Russian Federation 11 58 44 6 3 65 88 21
Viet Nam 34 99 84 58 2 – 100 25

APEC	a 36 97 74 27 16 30 94 52
World 35 95 62 20 12 24 94 43

a APEC total excludes Papua New Guinea.
Source: IEA (2005a,b).
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The transport sector is highly oil intensive. Within the APEC region in 2003, 
97 per cent of the transport sector’s energy consumption was of petroleum 
products (IEA 2005a,b). Based on international trends, road was the domi-
nant mode of transport, followed by air. Rail, pipeline, international mari-
time and other forms of transport each make up a small proportion of the 
remainder. More than half of the total transport sector was used for passen-
ger transport (IFP 2005).

The industrial and agricultural sectors were also highly oil intensive in 
2003. Although the agricultural sector was more oil intensive, at 74 per 
cent, it accounted for only 2 per cent of total energy consumption. The 
industry sector, on the other hand, was the largest energy consuming sector 
(33 per cent for the total APEC region).

Crude oil intensity
Oil intensity is defined as domestic oil consumption per unit of gross 
domestic product (GDP). It helps to identify which sectors of the economy 
consume the largest amounts of oil per unit of output and which would 
be the most significantly affected by higher oil prices. High oil intensity  

3 Crude oil intensity, by APEC economy, 2003 
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indicates that an economy is relatively more reliant on oil as an input to 
production than in an economy with a lower oil intensity. Figure 3 shows 
the oil intensity of twenty APEC economies (IEA 2005a,b; IMF 2004; data 
are not available for Papua New Guinea).

Developed economies tended to have lower levels of oil intensity than do 
developing economies, which may reflect the adoption of less oil inten-
sive technology as well as the expansion of the service sectors within their 
domestic economies. In some APEC economies (for example, China, Korea, 
Malaysia, the Philippines and Thailand), high levels of oil intensity are the 
result of rapid industrial growth and increases in automobile fleets. In other 
cases, such as Singapore, one of the major global oil trading hubs, a high 
level of oil intensity reflects its role as regional importer and refiner of crude 
oil and exporter of petroleum products, rather than high levels of domestic 
oil consumption.

Crude oil and energy production
Economies within the APEC region produce oil, gas, coal and uranium, as 
well as renewable energy (figure 4). Total primary energy production in the 
APEC region — including the production of coal, oil, natural gas, nuclear 
and renewable energy — was 5647 Mtoe in 2003 (IEA 2005a,b). This was 
equivalent to 53 per cent of world primary energy production in 2003.

Seven APEC economies produced more than 37 per cent (1372 Mtoe) of 
world oil supply in 2003 (figure 4): the Russian Federation (11 per cent), 
the United States (9 per cent), Mexico (5 per cent), China (5 per cent), 
Canada (4 per cent), Indonesia (2 per cent) and Malaysia (1 per cent) (IEA 
2005a,b).

APEC oil refinery capacity
World oil refinery capacity has been increasing since 1994, and is projected 
to reach slightly more than 80 million barrels a day by the end of 2005 (EIA 
2005i). Refining capacity within the APEC region represents more than 50 
per cent of that total, concentrated in developed economies (27 million bar-
rels a day). Of the remainder, the Russian Federation refines 5.4 million 
barrels a day, and China 4.6 million barrels a day, with 6 million barrels 
spread across the other APEC economies.
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Since 1993, refining capacity in APEC has increased by 30 per cent. Fur-
ther expansion is planned in Chile, China, Indonesia, Mexico, the Russian 
Federation, Singapore, the United States and Viet Nam. The planned expan-
sions include both the establishment of new refinery plants, or (as in the 
United States) the expansion of capacity at existing plants (EIA 2005b,c, 
d,h,j,k,l; Bailey, Mollard et al. 2005). In the short term, however, as the 
demand for refined products is projected to increase faster than refining 
capacity is expanded, the refining sector is likely to continue to put upward 
pressure on the prices of refined products. This will also contribute to vola-
tility in world oil prices (Bailey, Hanna and Penm 2005).

Crude oil trade
Although consisting of both oil exporters and importers, the APEC region 
is a net importer of oil. While oil was imported from a number of differ-
ent sources in 2003, four economies (Saudi Arabia, United Arab Emirates, 
Venezuela and Iran) provided more than half of the imports (United Nations 
Statistics Division 2005). Over the next five years, it is anticipated that not 
only will reliance on non-APEC oil suppliers increase, but also the pro-
portion of oil sourced from suppliers in the Middle East will rise (IMF 
2005a).

4 Crude oil production, by APEC economy, 2003 
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Most oil exports from APEC economies were directed to the United States 
(39 per cent), while 11 per cent was exported to other APEC economies. Of 
the remaining oil exported, most went to Europe.

There is considerable variation across APEC member economies in the 
net flow of oil trade. Some economies (Chinese Taipei, Hong Kong China, 
Japan, Korea, the Philippines and Singapore) rely on imports for almost 100 
per cent of their oil consumption, while others are large exporters. As shown 
in figure 5, the Russian Federation, Mexico, Canada, Viet Nam and Malay-
sia were the largest net exporters, although Brunei Darussalam exported a 
much larger proportion of domestically produced oil (figure 5).

Crude oil import dependence
Oil import dependence, defined as net imports as a percentage of total 
domestic consumption, varied considerably among APEC economies in 
2003 (figure 6). Most APEC economies were net oil importers, importing 
between 13 per cent and 100 per cent of oil consumed in their domestic 
markets. Of the oil exporting economies, Brunei Darrusalam exported more 
than ten times the oil consumed domestically, while Indonesia had only 
marginal exports.

5 Net crude oil exports, by APEC economy, 2003 
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Oil security and stockpiling
Import dependence has a significant impact on how economies perceive 
oil security, and how higher oil prices will affect domestic economies. As 
a result of the potential impacts of higher oil prices, oil security has been a 
major concern of both oil importing and exporting economies since the first 
oil price shock in 1973. In the absence of decreasing domestic demand or 
large domestic oil reserves, most APEC economies are seeking to establish 
diversified, secure supplies of oil imports.

Oil stockpiles can play an important role in the strategies of economies 
attempting to establish a secure oil supply. Member economies of the Inter-
national Energy Agency are required to maintain emergency aid reserves 
equivalent to 90 days of oil imports. The emergency aid reserves can include 
both commercial and government oil stocks. By maintaining stockpiles, in 
the event of a large increase in oil prices, individual economies may have 
some ability to moderate the effects and volatility of the market (Hogan et 
al. 2005).

Seven APEC economies (Brunei Darussalam, Canada, Malaysia, Mex-
ico, Papua New Guinea, the Russian Federation and Viet Nam) have no  

6 Crude oil import dependence, by APEC economy, 
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emergency stockpile measures in place. All of these economies are net 
exporters of oil. Of the seven, Canada has some emergency legislation in 
place and Malaysia operates a ‘Five Fuels’ policy to enhance energy diver-
sity and security. Of the net oil importers, the United States, Korea and 
Japan all maintain emergency stockpiles that meet or exceed IEA require-
ments. Indonesia maintains emergency stockpiles in order to secure domes-
tic supplies of oil. Australia and New Zealand do not maintain emergency 
stockpiles, but commercial stocks exceed IEA requirements. Singapore 
maintains an oil stockpile for electricity generation only. Chinese Taipei, 
Chile, Thailand and Peru all have varying degrees of mandated stocks held 
by producers, importers or wholesalers. Hong Kong China has recently 
developed an ‘Oil Supply Contingency Plan’, and the Philippines and China 
are currently working on an emergency contingency plan and emergency 
stocks respectively (Hogan et al. 2005).

Any form of stockpile drawdown, however, remains a short term response to 
oil price increases or supply shortages. Other short term measures can also 
include demand restraint, surge production, fuel switching and information 
sharing about market supply and demand. Long term policy measures are 
also important in reducing the risk and/or cost of temporary energy supply 
disruptions. These include achieving increased domestic energy exploration 
and production, diversification of oil import sources, diversification of the 
domestic fuel mix through investment in alternative energy sources, effi-
ciency improvements in energy use, removal of market and policy impedi-
ments, promotion of dialogue between oil producers and consumers and 
long term contracts with suppliers (Hogan et al. 2005).
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modeling approach

A key objective in this study is to quantify the impacts on APEC economies 
of sustained increases in oil prices. The methodology employed in the study 
is outlined in this chapter, together with an analysis of the reference case, 
thereby providing the basis for understanding the impacts of the scenarios  
of sustained increases in oil prices reported in the following chapter.

Global trade and environment model
The impacts of sustained oil price increases are estimated in this study 
using ABARE’s global trade and environment model (GTEM). GTEM is a 
multiregion, multisector, dynamic general equilibrium model of the world 
economy.

GTEM is an appropriate framework for analysing sustained increases in oil 
prices because it takes into account the interactions between different sec-
tors of the economy and among economies through trade and investment 
linkages. The model includes a high level of commodity disaggregation, 
including a detailed treatment of energy and energy related sectors and a 
sophisticated representation of technological change and interfuel substitu-
tion possibilities in the energy sector. This enhances the capacity of GTEM 
to analyse the impacts of sustained increases in oil prices that could influ-
ence the operation of energy markets and hence domestic and global econo-
mies.

Further information on GTEM is provided on ABARE’s web site (www.
abareconomics.com).

Regional and sectoral aggregation
At its most disaggregated level, the version of GTEM used in this study 
consists of equations and data that describe the production, consumption, 
trade and investment behavior of representative producers and consumers 
in 68 regions and 62 production sectors. In this project, the GTEM database 
has been aggregated to the 23 regions and 18 sectors that best capture the 

4
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macroeconomic and trade implications of sustained increases in oil prices 
in the APEC region (table 4).

The sectoral aggregation was chosen to include the five fossil fuels –– brown 
steaming coal, black steaming coal, coking coal, oil and gas –– together 
with electricity and refined petroleum products. The aggregation in the 
study also includes the major energy intensive industries that are likely to 
influence total energy consumption.

The regional aggregation separately identifies each APEC member econ-
omy other than Brunei Darussalam and Papua New Guinea. Other major 
energy producing and trading regions, in particular the Middle East, the rest 
of OPEC, Europe and the Rest of World, are also represented.

4 Regions and sectors in GTEM 

Region	 Sector

 1 Australia 1 Brown steaming coal
 2 Canada 2 Black steaming coal
 3 Chile 3 Coking coal
 4 China, People’s Republic 4 Oil
 5 Hong Kong, China 5 Gas
 6 Indonesia 6 Refined petroleum products
 7 Japan 7 Electricity
 8 Korea, Rep. of 8 Iron and steel
 9 Malaysia 9 Nonferrous metals
 10 Mexico 10 Aluminium
 11 New Zealand 11 Chemicals, rubber and plastics
 12 Peru 12 Nonmetallic minerals
 13 Philippines, Republic of 13 Other minerals
 14 Russian Federation 14 Other manufacturing
 15 Singapore 15 Transport (other than marine) and trade
 16 Chinese Taipei 16 Services
 17 Thailand 17 Agriculture, forestry and fisheries
 18 United States 18 Marine transport
 19 Viet Nam
 20 Middle East
 21 Other OPEC a
 22 Europe b
 23 Rest of World

a In the version of GTEM used here, ‘Other OPEC’ includes Venezuela, north Africa (representing 
Algeria) and subSaharan Africa (representing Nigeria). b Europe includes Central Asia.
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Developing a reference case
As a dynamic general equilibrium model, GTEM requires a reference case 
scenario against which the impacts of alternative scenarios can be measured. 
The reference case projects the growth in key variables in a region in the 
absence of any significant policy changes or external shocks. In this study, 
for example, the reference case represents the likely outlook for economic 
activity and energy demand and supply in APEC and across the world over 
the period to 2015, in the absence of any changes to key energy or economic 
policies. The reference case projections also quantify possible develop-
ments in energy security indicators, such as oil import dependence.

Economic growth
In developing a reference case 
for APEC, a number of important 
assumptions have been made. The 
first of these is how real GDP of 
each economy is likely to grow 
over the projection period. The 
annual average real GDP growth 
rates assumed in this study are 
given in table 5. These assump-
tions project more rapid economic 
growth in developing APEC econ-
omies, such as China, Thailand and 
Viet Nam, and slower growth in 
developed APEC economies, such 
as Japan and the United States.

The historical growth rates used 
in the study are from the Interna-
tional Monetary Fund (IMF 2004). 
Long term projections to 2015 are 
from ABARE and are derived by 
fitting an ARIMA (autoregres-
sive integrated moving average) 
forecasting model to the historical 
GDP data.

5 Real GDP growth rates assumed 
in the reference case  

 Average annual growth

	 2002–15

 %
Australia 3.4
Canada 3.1
Chile 4.4
China, People’s Republic  7.3
Hong Kong, China 3.7
Indonesia 4.5
Japan 1.6
Korea, Rep. of 4.2
Malaysia 5.2
Mexico 3.4
New Zealand 3.2
Peru 3.8
Philippines, Republic of  3.6
Russian Federation 5.1
Singapore 4.2
Chinese Taipei 4.1
Thailand 5.4
United States 3.4
Viet Nam 6.7
Middle East 4.1
Other OPEC  3.7
Europe  2.3

Rest of World 4.6
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Oil price

In order to accurately model the impact of sustained increases in oil prices, 
the reference case assumes the world oil price that could be expected in 

the absence of any future shocks. This 
includes the most recent increase in 
the world oil price to mid-2005. Fig-
ure 7 shows the real West Texas Inter-
mediate (WTI) price of oil in constant 
2003 US dollars assumed in the ref-
erence case, for the period 2003–15. 
In particular, it is assumed that the 
real WTI price declines only gradu-
ally, reflecting strong growth in oil 
consumption, particularly in China, 
together with capacity constraints 
associated with low investment ear-
lier this decade.

LNG prices
Current LNG contracts explicitly link LNG prices to crude oil prices, 
although recent LNG contracts signed with China set a ceiling on the oil 
price used to calculate LNG prices (Facts Inc. 2003). The link between the 
oil price and LNG prices has been represented in the reference case for 
Japan, Korea and Chinese Taipei, these being the only APEC economies 
that import LNG under long term contracts. While China will begin import-
ing LNG under contract in this decade, it is assumed that the price of LNG 
imported by China is already at the ceiling price of Chinese contracts.

Oil and gas reserves
The outlook for the production and export of both oil and gas depends sig-
nificantly on the abundance and location of oil and gas reserves. Assump-
tions about resource constraints have therefore been incorporated to rep-
resent the likely development in oil and gas reserves around the world. In 
particular, it is assumed that all APEC oil producers other than the Russian 
Federation, encounter oil production constraints throughout the projection 
period. In the gas sector, it is assumed that production is constrained by 
resource limits in Canada, China, Thailand and the United States.

7 World oil prices assumed in 
the reference case
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While Mexico has relatively abundant oil and gas reserves, there are con-
stitutional barriers to foreign investment in oil and gas exploration and 
production. These barriers are represented in the reference case as natural 
resource constraints.

Fuel mix in electricity generation
As electricity is a major energy consuming sector in APEC economies, the 
fuel mix in electricity generation is another key determinant of energy con-
sumption (table 6). In GTEM, electricity is generated by a finite number 
of fuel specific technologies, with distinct fixed input requirements. The 
power generation technologies in the model are brown steaming coal, black 
steaming coal, oil, gas, nuclear, hydropower and other renewables. The 
share of each fuel in total electricity generation is determined exogenously 

6 Fuel shares in electricity generation, reference case, 2002 and 2015 

	 Brown		 Black	 	 Natural	
	 coal	 coal	 Oil	 gas	 Nuclear	 Other

	 2002	2015	 2002	2015	 2002	2015	 2002	2015	 2002	2015	 2002	2015

 % % % % % % % % % % % %

Australia  21.6 18.2 56.1 53.1 1 0.8 13.6 19.0 0 0.0 7.7 8.9
Canada  11.1 10.4 8.5 7.9 2.4 2.2 5.8 11.4 12.6 12.8 59.7 55.4
Chile  0 0.0 19 12.8 1.1 0.6 25.3 35.9 0 0.0 54.6 50.7
China  0 0.0 77.5 70.4 3 1.4 0.3 5.4 1.5 5.4 17.7 17.4
Hong Kong, 
  China  0 0.0 63.6 65.0 0.4 0.4 35.7 34.3 0 0.0 0.3 0.3
Indonesia  0 0.0 39.6 43.2 23.2 13.1 22 29.9 0 0.0 15.2 13.8
Japan  0 0.0 26.5 24.7 13.2 9.5 22.3 25.5 26.9 30.8 11 9.5
Korea, Rep. of 0 0.0 39.7 37.8 9.5 2.8 12.7 11.2 36.2 46.1 1.9 2.1
Malaysia  0.6 0.3 5.4 28.6 9.3 0.2 77.3 61.7 0 0.0 7.4 9.2
Mexico  12.1 7.0 0 0.0 36.9 21.0 32.1 59.9 4.5 2.9 14.4 9.2
New Zealand 0 0.0 4 3.0 0 0.0 25.1 17.1 0 0.0 70.9 79.9
Peru  0 0.0 2.3 3.0 10.3 10.2 4.5 20.3 0 0.0 83 66.5
Philippines  0 0.0 33.2 32.5 13 7.8 18 31.2 0 0.0 35.8 28.5
Russian Fed. 6.3 6.3 12.8 12.6 3.1 2.6 43.2 47.8 15.9 13.7 18.8 16.9
Singapore  0 0.0 0 0.0 39.6 21.2 58.3 75.8 0 0.0 2.1 3.0
Chinese Taipei 0 0.0 55.3 57.9 12.5 4.6 9.9 18.5 19 15.6 3.4 3.3
Thailand  15.3 5.5 1.1 10.0 2.6 1.0 72.2 77.0 0 0.0 8.7 6.5
United States  2.4 2.0 48.6 46.4 2.5 2.5 17.7 22.8 20 16.6 8.8 9.7
Viet Nam 0 0.0 13.6 12.2 12.2 3.4 23.2 31.0 0 0.0 51 53.4
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(outside the model) in the reference case, using government, IEA and other 
projections.

Electricity fuel shares reflect a wide range of factors, including relative fuel 
prices, energy endowments and levels of development, as well as concerns 
about energy security. For example, the share of natural gas in electric-
ity generation is projected to increase relative to coal in many developed 
economies. This is because it is assumed that the relatively low capital costs 
of natural gas turbines will ensure that natural gas fired capacity remains 
competitive for the provision of peak load electricity. This is expected to 
account for a greater proportion of electricity demand in many developed 
economies where economic growth is slower and base load demand is more 
adequately met by existing capacity. On the other hand, it is projected that 
black steaming coal fired capacity will remain cost effective for base load 
capacity in many economies, because of its relatively low fuel costs. This 
is expected to result in increased shares of black steaming coal fired capac-
ity in many rapidly growing developing APEC economies, where a greater 
amount of new capacity is expected to be base load.

Other key assumptions
In the reference case, other key assumptions are that:

n new LNG trade contracts are realised – in particular, China com-
mences LNG imports from Australia and Indonesia by 2007.

n the efficiency of energy use in the electricity sector improves over 
time – this assumption represents the likely trend in energy efficiencies 
given the rates of capacity growth projected in the reference case and 
are identical to those reported and explained in Heaney et al. (2005).

Reference case projections
The reference case projections presented here represent a possible outlook 
for energy demand and supply in APEC economies over the period to 2015 
in the absence of any major policy changes or external shocks. The results, 
however, are not forecasts of what will actually happen in the APEC region. 
They are conditional on the set of assumptions outlined earlier that are con-
sidered plausible at the present time. Subject to these assumptions being 
realised, the projections provide a reasonable estimate of energy market 
developments in APEC economies.
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Primary energy consumption in APEC

Total primary energy consumption in APEC is projected to grow in the 
reference case by 2.0 per cent a year between 2003 and 2015, to reach 7285 
Mtoe (figure 8). Growth in energy consumption varies considerably among 
APEC economies. Energy consumption is projected to expand most strongly 
in the rapidly growing developing APEC economies, as a result of relatively 
high economic growth and increased demand for personal services such as 
transport and air conditioning. In contrast, energy consumption is projected 
to grow more slowly in developed economies, such as Japan and the United 
States. Significant improvements in energy efficiency in the Russian Fed-
eration contribute to low growth in energy consumption in that economy.

Fossil fuels are projected to retain their dominant share of APEC primary 
energy consumption, accounting for around 90 per cent of the growth in 
total APEC energy consumption over the projection period.

Natural gas is projected to be the fastest growing fuel in APEC, particularly 
because of increased demand for gas for electricity generation in develop-
ing economies. Similarly, increased demand for coal in the electricity sector 

8 Average annual growth in total primary energy 
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in developing APEC economies is the main driver of the growth in APEC 
coal consumption.

The share of oil in APEC total primary energy consumption remains steady 
at around 35 per cent throughout the projection period. APEC oil consump-
tion grows by 1.7 per cent a year between 2003 and 2015, driven mainly by 
increased demand from the transport sector, where there are limited sub-
stitution possibilities (figure 9). Growth in oil consumption is strongest in 
the rapidly growing developing economies, such as China, where robust 
growth in the transport sector results from rapid economic growth and the 
sharp rise in private vehicle ownership.

Oil consumption, by sector
Growth in refined oil consumption in APEC is projected to be concentrated 
in the transport sector and, to a lesser extent, the industrial sector. In APEC, 
the transport sector is projected to account for 60 per cent of the increase in 
refined oil consumption between 2003 and 2015. Industry is the other large 
oil consuming sector in APEC, and is projected to account for around 26 
per cent of the rise in consumption of refined oil over the same period.

9 Average annual growth in total primary oil 
consumption
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In the transport sector, demand for oil is expected to expand more in the rap-
idly growing developing APEC economies. In China, for example, which 
is the world’s fastest growing market for new cars, oil consumption in the 
transport sector is projected to grow by over 5 per cent a year on average 
between 2003 and 2015.

Oil consumption is also projected to grow strongly in the industrial, residen-
tial and commercial sectors of developing APEC economies, with industrial 
consumption of refined oil, for example, expected to grow by over 4 per 
cent a year on average between 2003 and 2015.

Only in the electricity sector does oil consumption decline over time in 
the APEC region. In most economies oil accounts for a decreasing share 
in the electricity fuel mix. In many economies this reflects concerns about 
the reliability of world oil supplies. However, in Mexico and Indonesia, 
two oil exporting economies, it is government policy to reduce domestic 
consumption of oil for power generation in order to maintain or raise oil 
export revenues.

Oil intensity
By 2015, APEC is expected to require 17 per cent less oil per unit of out-
put than in 2003. This decline in oil intensity is largely a result of a shift 
in economies away from oil fired power, together with an improvement in 
the efficiency of oil use in transport and in other oil-intensive sectors. In 
absolute terms, the oil required to produce 2003US$1000 of output declines 
from over 0.1 toe in 2003 to around 0.08 toe in 2015.

Oil intensity tends to be lower in the developed economies. In part this 
is because economic development is characterised by a transition toward 
more fuel efficient technologies. Developed economies typically also rely 
much less on oil fired power generation.

Energy production in APEC economies
Energy production in the APEC region is expected to expand by 22 per cent 
between 2003 and 2015. Much of the growth in APEC energy production 
(70 per cent) is concentrated in the natural gas and coal sectors. Natural gas 
production, for example, expands by 33 per cent between 2003 and 2015. 
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In contrast, APEC oil production 
increases by 15 per cent between 
2003 and 2015.

Slow growth in APEC oil production 
over the projection period occurs as a 
result of natural resource constraints 
that are assumed to develop in most 
APEC economies, and indeed in most 
major oil producing economies. As a 
result of this slow growth, the share 
of APEC in world oil production 
declines over the projection period 
(figure 10). In 2003, APEC accounted 
for 38 per cent of world crude oil pro-

duction, compared with the Middle East share of 30 per cent. However, by 
2015, the Middle East share of world crude oil production increases to 34 
per cent, while that of APEC falls to 35 per cent.

APEC energy trade
Net energy trade indicates an economy’s dependence on international 
energy markets. Net energy exports are the volume of exports that exceed 
the volume of imports. If this number is negative, the economy is importing 
more energy than it exports and is a net energy importer.

The APEC region as a whole is a net energy importer, importing almost 
630 Mtoe more than it exported in 2003. APEC’s net energy imports are 
projected to expand by 67 per cent between 2003 and 2015, to exceed 1000 

Mtoe by 2015 (figure 11).

The principal reason for the increase 
in APEC’s dependence on imported 
fuel is a large rise in net oil imports, 
from 716 Mtoe in 2003 to almost 1100 
Mtoe by 2015. In contrast, the APEC 
region’s position as a net exporter of 
coal and gas remains steady through-
out the projection period. In 2015, 
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APEC net exports amount to 42 Mtoe for natural gas, and 98 Mtoe for 
coal.

One of the most significant increases in net oil imports is projected to occur 
in China, where net oil imports more than double between 2003 and 2015, 
reaching around 180 Mtoe by 2015. This is a result of significant growth in 
China’s oil consumption, which outpaces domestic oil production.

Net oil imports also rise strongly in other rapidly growing developing APEC 
economies, such as Thailand, where domestic resources are unable to keep 
pace with the rapid growth in oil consumption associated with rapid eco-
nomic development.

Nonetheless, the United States remains the largest net importer of oil, and 
indeed of energy in total. While growth in oil consumption in the United 
States is moderate, resource constraints lead to a contraction in US oil pro-
duction over the reference case. Net oil imports in the United States there-
fore increase from 557 Mtoe in 2003 to 770 Mtoe in 2015. Among devel-
oped APEC economies generally, net oil imports increase by around 30 per 
cent between 2003 and 2015.

Net oil imports only partially illustrate how much APEC economies depend 
on oil imports. A more complete measure is given by expressing net oil 
imports as a percentage of domestic oil consumption, giving net oil import 
dependence (figure 12). For net oil importers, this indicates the degree of 
reliance on international markets to supply domestic oil requirements.

The share of APEC’s oil consumption that is supplied by net imports is 
projected to increase from 33 per 
cent in 2003 to 40 per cent in 2015. 
A significant proportion of the change 
is accounted for by growing import 
dependence in APEC’s two largest 
oil consuming economies, the United 
States and China. The share of net 
oil imports in consumption increases 
between 2003 and 2015 from 62 
per cent to 69 per cent in the United 
States and from 33 per cent to 46 per 
cent in China. Among net oil import-

12 APEC net oil import depen-
dence, 2015 reference case
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ing APEC economies, overall, net oil import dependence increases from 60 
per cent to 66 per cent between 2003 and 2015.

The corresponding indicator for net oil exporters is the percentage share 
of net oil exports in domestic oil consumption. A decline in this indica-
tor reveals the extent to which domestic oil requirements are absorbing an 
increasing share of domestic oil output. Over the reference case, there is a 
decline in the importance of export markets and a rise in the importance of 
the domestic market as net oil exports decrease from 99 per cent to 86 per 
cent.

Interpreting simulation results
The GTEM reference case provides a benchmark against which the impacts 
of sustained increase in oil prices can be measured. In this study, simulation 
results are reported as deviations from the reference case. For example, the 

impact of a 30 per cent increase in oil 
prices can be isolated by comparing 
economic growth, energy consump-
tion and trade, and other variables in 
the simulation against those in the ref-
erence case scenario.

To illustrate the point, suppose that 
GNP in a certain economy in the 
reference case in 2015 was US$100 
billion (point a in the top diagram of 
figure 13). Following an increase in 
the world oil price, GNP in 2015 is 
projected to be US$99 billion (point 
b), or US$1 billion less than in the ref-
erence case. Hence, the effect of the 
high oil price in this example would 
be to reduce GNP by 1 per cent rela-
tive to the reference case at 2015. This 
percentage deviation from the refer-
ence case is represented in the lower 
diagram of figure 13.

13 Deviation from the reference 
case in a GTEM simulation
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quantifying the economic effects 
of sustained high oil prices
The purpose in this chapter is to discuss the likely impacts on APEC econo-
mies from a sustained increase in world oil prices. The chapter consists of 
two sections. In the first, the impacts of a sustained increase in oil prices 
over a five year period are modeled using GTEM and the potential effects 
on APEC economies are discussed. Two different scenarios representing a 
high and moderate increase in world oil prices are analysed. A third sce-
nario, illustrating the potential macroeconomic effects of sustained high 
energy prices, is also undertaken.

In recent times, there has been improvement in the fuel efficiency of inter-
nal combustion engines and the development of alternative transport tech-
nologies, such as hybrid vehicles. If their cost effectiveness improves and 
economic viability improves over time, some of these new technologies, 
including hybrid vehicles, will be capable of reducing fuel consumption 
in the transport sector considerably in the future, with increased uptake 
of this technology. In this context, the second part of the chapter contains 
an exploratory analysis into the possible impact on oil consumption in the 

5

Box 4: Economic impacts of higher oil prices

n Economic output: Increases in oil prices will reduce economic growth in 
many economies leading to higher unemployment. Impacts on individu-
al economies will vary depending on their domestic macroeconomic and 
sectoral policies (see below for recent empirical estimates of economic 
activity in a selected group of economies). Higher prices result in large 
income transfers from oil importing economies to net oil exporting econo-
mies. The negative impacts are therefore largest in oil importing econo-
mies with high oil intensity. While oil exporting economies will benefit 
from higher export earnings from higher oil prices, it is possible that eco-
nomic growth may slow for some oil exporters as a result of flow-on ef-
fects from other economies, such as reduced demand for other exports.

conrtinued…



�0 Oil prices and trade in APEC

Box 4: Economic impacts of higher oil prices   continued

 n Inflation/wages: Higher oil prices lead to increased wage and inflationary 
pressures in many economies, although the magnitude will in part depend 
on the fiscal and monetary policy responses employed by individual econo-
mies. There could be upward pressure on interest rates as central banks at-
tempt to limit inflation. Overly contractionary policies could exacerbate the 
decline in economic growth and increase unemployment in some economies.

n Trade balance: For net oil importing economies, the increase in the price of 
oil imports will cause trade balances to worsen — that is, the value of im-
ports will increase more than the value of exports. Conversely, oil exporting 
economies will experience an improvement in their trade balance.

n Exchange rates: Higher world oil prices are likely to place downward pres-
sure on exchange rates in some oil importing economies as their balance of 
payments deteriorates. 

Recent oil price analyses: impact on economic output

	 IEA	(2004d)	 IMF	(2005a)	 ADB	(2004)	
Key		 Oil price increases Oil price increases  Oil price increases 
assumptions 40% in 2004 from to US$80 in 2005  33% from base 
 US$25 to US$35. from base case price  case in 2005 from 
 Reported for 2004. (unspecified).  US$30 to US$40. 
  Reported for 2005. Reported for 2005.

 % % %

OECD –0.4 
All industrialised 
  economies  –0.6
United States  –0.8
Japan  –0.7 –0.5
China –0.8  –0.8
Malaysia –0.4  –0.9
Philippines –1.6  –1.9
Thailand –1.8  –2.2
Hong Kong, China   –0.6
Indonesia   0.1
Korea, Rep. of   –0.5
Singapore   –1.7
Chinese Taipei   –0.4
Chile –0.4 
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transport sectors of APEC economies from the increased adoption of hybrid 
vehicles under two different technology uptake scenarios.

Because of the importance of oil in the global economy, there is a substan-
tial body of literature on the economic impacts of changing oil prices. The 
potential impacts that can be expected from an increase in oil prices on a 
range of macroeconomic variables are highlighted in box 4.

Impacts of sustained high oil prices
To estimate the potential impacts of a sustained increase in world oil prices, 
two oil price scenarios are simulated. These are:

Scenario 1 – a 30 per cent increase in world oil prices above the refer-
ence case in 2006 and maintained at this higher level until 2010 (moder-
ate sustained oil price rise)

Scenario 2 – a 60 per cent increase in world oil prices above the refer-
ence case in 2006 and maintained at this higher level until 2010 (high 
sustained oil price rise)

In each of the scenarios it is assumed that world oil prices increase from ref-
erence case values by the level indicated above for five years from 2006 to 
2010 before gradually returning to reference case levels for the remainder 
of the simulation period as shown in (figure 14).

The higher prices in these scenarios 
reflect the varying degree of a range 
of factors that could influence oil sup-
ply and demand over the reference 
case period. These include: increas-
ing demand for transport fuels trig-
gered by income increases in a range 
of APEC economies; ongoing capac-
ity constraints in the oil refinery sec-
tor that place additional pressure on 
petroleum product prices and in turn 
feed back into higher prices for crude 
oil; continuing reduced spare produc-
tion capacity in world oil production; 

14 World oil prices (WTI) 
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and a continuing unsettled geopolitical environment in regions where much 
of the world’s oil production is located.

Impacts on energy consumption
The results from scenarios 1 and 2 demonstrate that a sustained increase 
in oil prices could have significant impacts on APEC economies and their 
energy sectors. The extent of these impacts on an economy will depend on 
the economy’s net oil import position and on the economy’s reliance on oil. 
The impacts are also larger in 2010 as the differential between oil prices in 
the scenarios and reference case is larger than in 2006 because of the pro-
jected fall in real oil prices in the reference case.

As a result of the oil price increases in each of the scenarios, there is a 
decline in oil consumption (relative to the reference case) in all world econ-
omies, including in the APEC region (table 7). The percentage decline in 
oil consumption is larger in economies that are relatively more oil intensive 
and heavily reliant on oil imports and have large energy intensive manufac-
turing sectors.

7 Change in energy consumption, relative to the reference case 

	 	 	 Thermal	
	 Oil	 Gas		 coal

	 2006	 2010	 2006	 2010	 2006	 2010

 % % % % % %
Scenario 1	–	30%	higher	oil	prices
APEC total –3.5 –8.4 a a a 0.1
–  net oil importers –3.4 –8.1 0.1 0.3 a 0.1
–  net oil exporters –4.1 –9.6 –0.2 –0.7 –0.2 –0.6

World –4.0 –9.6 0.2 0.5 0.1 0.1

Scenario 2	–	60%	higher	oil	prices
APEC total –6.2 –11.0 a a 0.1 0.1
–  net oil importers –6.0 –10.7 0.2 0.5 0.1 0.2
–  net oil exporters –7.1 –12.5 –0.4 –0.8 –0.4 –0.8

World –7.0 –12.4 0.4 0.7 0.1 0.2

a Less than +/–0.1 per cent.
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In both scenarios, increases in oil prices also lead to an increase in the 
prices of other fuels. Most LNG cargoes supplied in the Asia Pacific region 
are supplied under long term contracts that link LNG prices to the price of 
crude oil. This contractual arrangement means the rise in crude oil prices 
can be expected to lead to higher LNG prices. In addition, in response to a 
higher relative price of oil, demand rises for alternative energy sources and 
this contributes to higher prices for other fuels such as natural gas other 
than LNG, relative to the reference case scenario.

As a result of the decrease in oil consumption as oil prices increase, there 
is substitution, albeit limited, to other energy sources (table 7). This sub-
stitution is influenced by relative price changes of fuel types. As discussed 
earlier, assumptions have been made about the relativities in oil price and 
LNG price changes to more accurately reflect market conditions.

As a result of the increase in the price of oil in each of the scenarios, there 
is some increase in gas consumption, globally, and for the net oil importing 
group of APEC economies. There is some switching from oil to gas in both 
transport and electricity generation. The opportunities to switch toward coal 
in response to higher oil prices are limited and, as such, changes in coal 
consumption in response to higher oil prices are small.

Impacts on economic output
As a result of the sustained increase in oil prices, and the associated increase 
in production costs, the level of economic activity across APEC contracts 
relative to the reference case.

The impact that higher oil prices have on the level of economic activity 
may be divided into two effects — an income transfer effect and an output 
effect. The income transfer effect can be either positive or negative depend-
ing on the oil trade position of an economy. The output effect is generally 
negative.

The income transfer effect occurs because the rise in oil prices increases 
the value of oil exports (imports) relative to that of other traded commodi-
ties. This leads to an improvement (deterioration) in the terms of trade for 
economies that are net oil exporters (importers), contributing to an income 
transfer from net importing to net exporting economies. On the other 
hand, the output effect is the decline in output, particularly in oil intensive  



�� Oil prices and trade in APEC

industries, because of the increase in the costs of production associated with 
the rise in oil prices.

The extent of the impacts on gross national product (GNP) is dependent 
on both an economy’s oil intensity and import dependency. An economy 
with relatively high oil intensity and high reliance on imports will be more 
adversely affected by rising oil prices than an economy with lower oil inten-
sity. Table 8 shows the change in GNP, by economy, for scenarios 1 and 2. 
The impacts of the 60 per cent oil price increase are slightly less than double 
the impact of the 30 per cent price increase. The magnitude of the impact 
on GNP is typically larger in 2010, because the difference in real world oil 

8 Change in GNP, relative to the reference case 

	 Scenario 1	 Scenario 2	
	 30%	oil	price	increase	 60%	oil	price	increase

	 2006	 2010	 2006	 2010

 % % % %
Net	oil	importers
Australia –0.3 –0.8 –0.6 –1.2
Chile –1.4 –2.9 –2.7 –4.3
China –1.1 –2.2 –2.1 –3.2
Chinese Taipei –1.0 –2.1 –2.0 –3.1
Hong Kong, China –0.5 –0.7 –0.9 –1.0
Japan –0.6 –1.3 –1.2 –1.9
New Zealand –1.0 –2.0 –2.0 –2.9
Peru –1.0 –2.0 –2.0 –2.9
Philippines –1.9 –3.8 –3.7 –5.5
Korea, Rep. of –1.7 –3.4 –3.4 –5.0
Singapore –0.9 –1.9 –1.8 –2.9
Thailand –1.5 –3.1 –2.9 –4.5
United States –0.5 –1.0 –0.9 –1.5

Net	oil	exporters
Canada 0.2 0.5 0.4 0.8
Indonesia 0.3 0.5 0.6 0.8
Malaysia 0.1 0.0 0.2 0.1
Mexico 0.8 1.8 1.6 2.7
Russian Federation 1.8 3.8 3.5 5.5
Viet Nam 2.2 4.6 4.3 6.7

APEC	total –0.5 –1.0 –0.9 –1.4

World –0.3 –0.6 –0.6 –0.8
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prices from the reference case in scenarios 1 and 2 increases to 86 per cent 
and 129 per cent respectively. This is because of the projected decline in 
real world oil prices in the reference case from 2006. However, the differ-
ence in the impacts in 2010 compared with 2006 will also be affected by 
changes in projected net oil exports and oil intensity.

There is some variation in the impacts of higher oil prices on economic 
output in individual APEC economies and key oil producing economies. 
Figure 15 shows the impact on GNP in 2006 of a 60 per cent increase in 
oil prices. The interplay of the income transfer and output effects partially 
explains why aggregate output impacts vary considerably among different 
economies. 

Another important factor that influences aggregate output impacts is the oil 
intensity of individual economies. For example, in the United States, the low 
level of oil intensity (see figure 3 in chapter 3) helps partly to moderate the 
adverse impact on GNP of high oil prices. The economies likely to be the 
most affected by higher world oil prices, as demonstrated by these scenar-
ios, are the heavily oil import dependent economies, such as the Philippines, 
the Republic of Korea and Thailand, where oil intensity is relatively high. 

15 GNP change for scenario 2 in 2006 
relative to the reference case 
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While most APEC economies are worse off from the oil price increases, 
GNP in the oil exporting economies rises, relative to the reference case. The 
magnitude of the increase in GNP is determined by the importance of oil 
exports to that particular economy, hence the relatively large GNP gains for 
larger net oil exporters, such as Viet Nam and the Russian Federation. GNP 
gains are lower for economies with lower net exports, such as Malaysia and 
Indonesia. Economies such as Indonesia also benefit from higher gas prices 
that arise because of contractual links between oil and gas prices. There are 
also substantial increases in GNP in the non-APEC oil exporting regions, 
the Middle East and rest of OPEC.

Impacts on trade
The increase in the value of oil imports because of significantly higher world 
oil prices leads to a decline in the terms of trade — that is, the average price 
of imports increases more than the average price of exports — for net oil 
importing APEC economies (table 9). For oil exporting APEC economies, 
the change in terms of trade is positive. The impacts on the terms of trade 
are largest in economies with substantial net imports, or exports, of oil or 
petroleum products.

In reality, the vulnerability of some of the oil importing developing econo-
mies to higher oil prices is likely to be exacerbated by the limited ability, 
particularly in the short term, to switch to alternative fuels, the prices for 
which may increase less than that for oil. An increase in the cost of oil 
imports also tends to adversely affect the trade balance and increase inflation 
more in developing economies where institutions responsible for economic 
management and investor confidence are more fragile. The deterioration in 
some developing economies’ terms of trade may also be magnified by sharp 
currency depreciations, as capital inflows slump. Higher oil prices and the 
subsequent depreciation of developing economies’ currencies against the 
US dollar also raise the cost of servicing external debt in those economies. 
This problem is likely to be most pronounced in economies that are already 
running large current account deficits (IEA 2004d).

Impacts on real wages
It is assumed in the GTEM modeling framework that the imposition of any 
policy change does not raise unemployment above the so-called natural rate 
of unemployment for any economy. Any downward shift in the demand 
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for labor is assumed to be offset by reductions in real wages growth suffi-
cient to prevent the emergence of unemployment above natural levels. This 
assumption is often known as the ‘full employment assumption’.

Sustained higher oil prices lead to increased production costs in many 
APEC economies, with the magnitudes depending in part on the extent of 
labor market rigidities and the ability of producers to pass on cost increases 
to consumers. In the short term it is likely that there will be some rigidity in 
wage levels, and therefore the reduced demand for labor may result in a fall 
in employment. However, with sustained oil price rises, there are potential 
impacts on real wages. Under both oil price scenarios real wages are esti-
mated to fall, with a relatively larger impact in the net oil exporting group 

9 Change in terms of trade, relative to the reference case 

 Scenario 1 Scenario 2 
	 30%	oil	price	increase	 60%	oil	price	increase

	 2006	 2010	 2006	 2010

 % % % %
Net	oil	importer
Australia –0.3 –1.1 –0.7 –1.4
Chile –3.3 –6.9 –6.2 –9.8
China –3.6 –7.6 –6.9 –10.8
Chinese Taipei –2.3 –4.9 –4.5 –7.0
Hong Kong, China –0.8 –1.6 –1.4 –2.2
Japan –4.3 –8.8 –8.1 –12.5
New Zealand –2.3 –4.6 –4.4 –6.6
Peru –3.2 –6.6 –6.1 –9.3
Philippines –2.3 –4.6 –4.4 –6.6
Korea, Rep. of –4.3 –9.0 –8.1 –12.6
Singapore –0.5 –1.0 –0.9 –1.5
Thailand –2.6 –5.6 –5.0 –7.9
United States –3.3 –7.1 –6.2 –10.0

Net	oil	exporters
Canada 1.5 3.3 2.8 4.8
Indonesia 1.8 4.0 3.3 5.8
Malaysia 0.6 1.2 1.1 1.7
Mexico 4.6 10.4 9.0 15.2
Russian Federation 13.2 30.9 26.3 46.0
Viet Nam 6.4 14.2 12.7 21.3
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of APEC economies because of the higher average oil intensity of some of 
these economies such as the Russian Federation (table 10).

As discussed earlier, in practice, however, it could be expected that changes 
in patterns of production caused by sustained oil price increases could lead 
to the emergence of some unemployment, especially if oil price increases 
have negative impacts in sectors where the skills of the labor force are not 
easily transferable.

Sectoral impacts
The negative impact on APEC economies of the increase in oil prices is 
concentrated in sectors that rely heavily on petroleum inputs, specifically 
the transport industry and the chemicals, rubber and plastics sector (table 
11). The higher cost of oil leads to higher prices and lower demand for these 
oil intensive commodities relative to the reference case.

The Russian Federation, in particular, which accounts for the dominant 
share of energy intensive production in the net oil exporter group, is less 
efficient in the use of energy. Russian energy intensive commodities there-
fore lose competitiveness relative to the same commodities produced in 
other major world economies.

The impacts of higher oil prices on the transport sector are most severe in 
the developing economies within APEC. This is because of the greater rela-
tive importance of oil in the transport sector of developing economies as a 
result of their less energy efficient forms of transport.

10 Change in real wages, relative to the reference case 

 Scenario 1 Scenario 2 
	 30%	oil	price	increase	 60%	oil	price	increase

	 2006	 2010	 2006	 2010

 % % % %

APEC total –1.4 –2.8 –2.7 –4.1
–  net oil importers –1.4 –2.8 –2.7 –4.0
–  net oil exporters –1.7 –3.4 –3.3 –4.8
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Impacts of sustained high energy prices
Since 1990, LNG and crude oil prices have followed similar trends, reflect-
ing the role of oil prices as a factor in determining the price of LNG. Since 
2003, thermal coal prices have also moved in a similar direction, with the 
prices of all three energy commodities increasing substantially (figure 16).  
These simultaneous energy price movements provide the rationale for 
undertaking scenario 3 to illustrate the potential impacts of a sustained 
increase in energy prices.

11 Change in production of selected commodities in the APEC region, 
relative to the reference case 

	 Chemicals,	rubber		
	 and	plastics	 Transport

	 2006	 2010	 2006	 2010
 % % % %
Scenario 1	–	30%	higher	oil	prices
APEC total –0.5 –1.0 –0.9 –2.0
–  net oil importers –0.4 –1.0 –0.9 –1.9
–  net oil exporters –0.5 –1.4 –1.1 –2.3

Scenario 2	–	60%	higher	oil	prices
APEC total –0.9 –1.4 –1.7 –2.8
–  net oil importers –0.9 –1.4 –1.7 –2.7
–  net oil exporters –1.0 –1.9 –2.0 –3.3

16 Energy commodity prices 
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Scenario 3 – world oil and gas prices increase by 60 per cent and ther-
mal coal prices increase by 30 per cent above the original reference case 
in 2006 and remain at the higher level until 2010. 

Because of lower substitutability with oil, thermal coal prices are assumed 
to increase by only half as much as the rise in oil prices, rising 30 per cent 
above the reference case in 2006 and remaining at that level till 2010.

As a result of sustained energy price increases, GNP, both in the APEC 
region and globally, declines from the reference case relatively more than 
under scenario 2 (table 12). At the individual economy level, the effect of 
the simultaneous increase in oil, coal and gas prices is to increase GNP, 

12 Change in GNP under  
scenario 3  

 relative to the reference case

	 2006	 2010

 % %
Net	oil	importers
Australia –0.4 –0.9
Chile –2.7 –4.2
China –2.2 –3.3
Chinese Taipei –2.3 –3.4
Hong Kong, China –1.3 –1.3
Japan –1.3 –2.0
New Zealand –2.2 –3.2
Peru –1.9 –2.8
Philippines –3.9 –5.6
Korea, Rep. of –3.8 –5.2
Singapore –2.3 –3.4
Thailand –3.5 –5.3
United States –1.1 –1.6

Net	oil	exporters
Canada 0.7 1.1
Indonesia 2.2 1.7
Malaysia –0.1 –0.5
Mexico 1.2 2.1
Russian Federation 3.5 5.6
Viet Nam 4.0 6.4

APEC	total –1.0 –1.6
World –0.7 –1.0

13 Change in terms of trade 
under scenario 3 

 relative to the reference case

	 2006	 2010

 % %
Net	oil	importers
Australia 1.5 0.6
Chile –6.1 –9.7
China –6.9 –10.7
Chinese Taipei –5.1 –7.5
Hong Kong, China –2.0 –2.8
Japan –8.9 –13.0
New Zealand –4.6 –6.8
Peru –6.0 –9.3
Philippines –4.7 –6.9
Korea, Rep. of –9.0 –13.1
Singapore –1.1 –1.7
Thailand –5.8 –8.7
United States –6.5 –10.4

Net	oil	exporters
Canada 4.6 7.0
Indonesia 9.8 9.9
Malaysia 1.6 1.9
Mexico 8.2 14.0
Russian Federation 34.9 56.6
Viet Nam 12.9 21.6
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relative to scenario 2 in some economies that are net exporters of gas or 
thermal coal, such as Indonesia. In some energy exporting economies such 
as Australia, the reduction in GNP is smaller in scenario 3 than in scenario 
2, reflecting the favorable impacts of increases in gas and coal prices. Con-
versely GNP is further decreased in economies that are net importers of 
coal or gas, such as Japan and the United States, under scenario 3 compared 
with scenario 2.

The increase in world energy prices in scenario 3 leads to an improvement 
in the terms of trade for net energy exporters such as Australia relative to 
the reference case and compared with scenario 2 (table 13).

Impacts of accelerated uptake of efficient  
transport technologies
The transport sector is currently the largest consumer of oil in all APEC 
economies. As a consequence, efforts in the transport sector to reduce oil 
consumption can be expected to have important implications for oil con-
sumption in these economies. In the short term, however, demand for oil 
by the transport sector is relatively less sensitive to price movements. This 
is because of the limited availability of commercially viable oil substitutes 
and the associated technologies in the transport sector in the short term and 
the essential nature of transport services across all sectors of the economy. 
However, in the medium to longer term a sustained increase in oil prices 
may lead to continued improvements in fuel efficiency of transport vehicle 
technologies (see box 5).

Extended high oil price scenario
As indicated earlier, one form of emerging transport technology that has 
attracted increasing interest, particularly in some of the developed APEC 
economies is the hybrid motor vehicle. Recent increases in hybrid vehicle 
sales in the United States have shown that hybrid vehicles are gradually 
becoming competitive with traditional vehicles and that consumers are 
willing to adopt this new technology.

In establishing the hypothetical transport technology scenarios, it is assumed 
that persistent higher oil prices contribute to the increased adoption of more 
fuel efficient technologies. Therefore, the two transport technology adop-
tion scenarios are assumed to occur in an environment of extended high 
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Box 5: Transport technologies that offer fuel efficiency advantages

Internal combustion engines: There is continuing scope to increase the fuel 
economy of internal combustion engine vehicles by, for example, improving 
vehicle design and using lighter materials. Diesel vehicles are about 10–20 per 
cent more efficient than similar petrol vehicles as a result of the higher energy 
density of diesel (Gielen and Unander 2005; MacLean and Lave 2003). Recent 
estimates (IEA 2001, 2004b; NRC 2002) indicate that by 2015, new car fuel 
consumption could be reduced by up to 25 per cent at low cost by fully exploit-
ing available technologies.

Electric vehicles/hybrid electric vehicles: Electric vehicles can be designed as 
‘pure’ electric vehicles or as a hybrid. Hybrid vehicles are, however, able to 
overcome many of the obstacles confronting pure electric vehicles. In a hybrid 
vehicle, the ICE is combined with a battery and an electric motor(s). Hybrid 
vehicles are able to compete with conventional vehicles in terms of driving 
range, with some vehicles currently being produced able to double the driving 
range of conventional vehicles (EERE 2005).

Hybrid vehicles can reduce fuel use by up to 60 per cent when compared with 
conventional internal combustion engine vehicles (IEA 2005c) as both the elec-
tric power train and internal combustion engine are highly efficient.

Although hybrid vehicles are available from commercial car manufacturers, 
they are still more expensive to manufacture and buy than an identical internal 
combustion engine vehicle. However, by 2004 Toyota had sales of more than 
100 000 hybrid vehicles, with most sales being in north America and Japan. 
There are now indications that Toyota is beginning to break even on the cost of 
the hybrids (IEA 2004b).

Sales of hybrid vehicles in the United States increased nearly tenfold from 
9350 in 2000 to 88 000 in 2004. Sales are expected to more than double in 2005 
to over 200 000 (J.D. Power and Associates 2005).

Fuel cell vehicles: In a fuel cell vehicle the internal combustion engine is re-
placed by a fuel cell stack that generates electricity for use in an electric motor. 
Fuel cell vehicles offer high efficiency levels and can convert 40–60 per cent 
of a fuel’s energy to useful power depending on the fuel and components used 
(EERE 2005). Hydrogen fuel cell vehicles can potentially achieve a level of 
fuel economy three times greater than conventional internal combustion engine 
vehicles (IEA 2005c). Fuel cell vehicles face a number of significant challeng-
es, including the high cost of fuel cells that must be overcome before they are 
available for large scale commercial sales.
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oil prices where world oil prices are 
60 per cent above reference case lev-
els. To provide a point of comparison, 
scenario 4 represents the extended 
high oil price scenario where no addi-
tional transport technology improve-
ments are assumed (figure 17). 

Scenario 4 – world oil prices 
increase by 60 per cent above the 
original reference case in 2006 
and remain at the higher level 
until the end of the simulation 
period in 2015. There is no addi-
tional transport technology adop-
tion in this scenario.

Analysis of the two transport technology adoption  
scenarios
To investigate the potential impact that transport technologies could have 
on APEC oil consumption, two different transport technology adoption sce-
narios are simulated. These scenarios represent two sets of assumed poten-
tial adoption rates for hybrid vehicles and fuel efficiency improvements. 
They are meant as illustrative examples only, given the paucity of detailed 
information available at present on future transport technology adoption 
rates and fuel efficiency improvements across a wide range of economies.

To model the improved fuel efficiency of the transport sector in APEC result-
ing from the accelerated uptake of more fuel efficient transport technologies 
in the two scenarios, assumptions are made about the fuel efficiency of new 
hybrid and nonhybrid vehicles, the share of hybrid vehicles in vehicle sales 
and the average vehicle life in various regions, on the basis of information 
from the literature (box 6) (Fulton and Eads 2004; IEA 2005c).

The two additional transport technology adoption scenarios incorporate the 
following assumed information:

Scenario 5 – 10 per cent of new vehicles are hybrids that are 25 per cent 
more fuel efficient than new nonhybrid vehicles in all APEC economies.

17 Extended high oil prices 
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Scenario 6 – 20 per cent of new vehicles are hybrids that are 40 per cent 
more fuel efficient than new nonhybrid vehicles in all APEC economies.

In both of these scenarios, adoption of the new technology occurs from 
2006 onwards and is assumed to occur uniformly across all APEC econo-
mies.

It is also assumed that as a result of the extended high oil prices and grad-
ually improving success of hybrid vehicles in the market, particularly in 
some of the developed economies, the average fuel efficiency of new non-
hybrid vehicles improves by 2.5 per cent. This efficiency improvement for 

Box 6: Estimating fuel efficiency improvements resulting from the  
accelerated uptake of hybrid vehicles in APEC

Assumptions about average vehicle life are taken from Fulton and Eads (2004). 
In the OECD economies, average vehicle life is assumed to range from 16.2 
years in 2006 to 16.3 years in 2015, while in non-OECD economies, average 
vehicle life is assumed to decrease from 20.5 years in 2006 to 20.1 years in 
2015.

In order to calculate the improvement in fuel consumption efficiency of the 
transport sector in each economy resulting from the accelerated uptake of hy-
brid vehicles in the scenarios, it is necessary to calculate vehicle turnover in 
each economy in each year. To estimate the fuel efficiency improvements in 
the transport sector for each economy, vehicle turnover is split according to the 
share of hybrid vehicles in total vehicle sales. The assumed fuel consumption 
efficiency improvements for hybrid and nonhybrid vehicles are then applied to 
the hybrid and nonhybrid vehicle turnover estimates.

Finally, the overall fuel efficiency of the vehicle fleet is calculated as a weighted 
average of the fuel efficiency of three groups of vehicle types; existing vehicles, 
newly purchased hybrid vehicles and newly purchased nonhybrid vehicles.

Vehicle turnover in each economy in each year is calculated as the growth in the 
size of the vehicle fleet in that region over the year plus the vehicle sales associ-
ated with the replacement of vehicles that were retired during the year.

The growth in the share of new more efficient hybrid and nonhybrid vehicles 
will be higher where there is higher growth in the total vehicle fleet or where 
old vehicles are turned over more quickly. In each APEC economy, average 
fuel efficiency of vehicles will therefore continue to increase over the analysis 
period as additional hybrid vehicles are phased in each year.
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new nonhybrid vehicles reflects the more rapid uptake of existing technolo-
gies, including direct injection systems and other engine improvements, as 
well as the use of lightweight materials, which are estimated to have the 
potential to reduce new car fuel consumption by up to 25 per cent between 
2000 and 2015 (IEA 2004b).

Impacts on fuel consumption
In both transport technology adoption scenarios 5 and 6, the more rapid 
uptake of hybrid vehicles and the increased fuel efficiency of new nonhy-
brid vehicles are projected to lead to sizable reductions in the growth of 
fuel consumption by the transport sector throughout APEC over the period 
2006–15 compared with scenario 4 where no additional transport technol-
ogy adoption is assumed (figure 18).

In scenario 4, fuel consumption is lower than in the reference case because 
of the higher oil prices assumed in scenario 4. The most rapid growth in 
transport sector fuel consumption is expected to occur in the rapidly grow-
ing developing APEC economies, as demand for transport services expands 
in line with higher economic growth in these economies.

In scenarios 5 and 6, fuel consumption in the transport sector is further 
reduced from that in scenario 4 as a result of the adoption of more fuel effi-
cient vehicles. In scenario 5, where hybrid vehicles comprise 10 per cent of 
vehicle sales over the period and reduce fuel consumption by 25 per cent 

18       Annual growth in consumption of petrolem products by the transport 
sector in APEC under alternative transport technology adoption scenarios
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relative to nonhybrid vehicles, APECwide fuel consumption by the trans-
port sector is projected to grow by 21 per cent over the period 2006–15, 
compared with 25 per cent in scenario 4 (figure 19). In scenario 6, however, 
where more fuel efficient hybrid vehicles are more widely adopted, fuel 
consumption by the transport sector in APEC is projected to grow by 16 
per cent between 2006 and 2015. At 2015, as a result of this slower growth 
in fuel use by the transport sector in APEC, consumption of petroleum is 
projected to be around 8 per cent lower than in scenario 4.

In absolute terms, around half of the fuel savings evident in scenarios 5 and 
6 at 2015 are projected to occur in the United States, which has the largest 
transport sector of any APEC economy.

While these scenarios indicate the potential for new transport technologies 
to reduce fuel consumption growth in the transport sector over the medium 
term, it should be noted that they are based on very general assumptions 
about the fuel efficiency and uptake of hybrid vehicles in the region. In 
practice it is likely that the uptake of hybrid vehicles will be greater in 
developed APEC economies and slower elsewhere.

19 Growth in consumption of petroleum products  
by the transport sector in APEC under alternative  
transport technology adoption scenarios, 2006–15 
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the role of technology in fuel  
supply: the case of coal-to-liquids
Currently, technologies exist that can be used to produce liquid fuels from 
sources other than crude oil (box 7). One technology that has generated 
significant interest in the APEC region is the production of liquid fuels 
from coal (so-called coal-to-liquid technology). Some member economies, 
including the United States, Japan and China, have either begun the con-
struction of coal-to-liquids plants or devoted resources to study the viability 
for commercialisation of such technologies.

Box 7: Oil substitutes

Technologies exist to produce transport fuels from sources other than crude oil. 
In addition to coal-to-liquids technology, these include natural gas, biofuels, 
hydrogen and electricity. Technology also exists to produce oil from noncon-
ventional sources, such as tar sands and oil shales.

Compressed natural gas
Gasoline vehicles can be converted to natural gas fueled vehicles after minor 
modifications to gasoline engines and the installation of a gas tank. Natural gas 
fueled vehicles currently account for about 0.5 per cent of the world vehicle 
stock (Gielen and Unander 2005). The expansion of natural gas cars is limited 
by the availability of natural gas supply, refueling stations and the strong cor-
relation between gas and oil prices. The power output of the car and life of the 
engine may also be reduced after modification (Gielen and Unander 2005).

Biofuels
Biofuels are generated from biological sources, including grain and sugar crops, 
cellulosic materials, including grasses and trees, and municipal solid waste. 
The most widely used transport biofuels are ethanol, biodiesel and methanol. 
In 2003, world ethanol production was approximately equal to 0.5 per cent of 
global oil consumption (Gielen and Unander 2005).

Biofuels can be used in conventional vehicles after modification and can also 
be blended with petroleum fuels. Biofuels can be blended with or exclusively 
used in conventional diesel engines (IEA 2004c). The blending ability of bio-

continued…
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Box 7: Oil substitutes   continued

fuels can avoid major changes to the current fueling infrastructure or vehicle 
stock (IEA 2004b).

The global use of biofuels remains relatively low. One reason is the relatively 
high production cost relative to petroleum fuels in some regions (IEA 2004c). 
In Brazil, however, ethanol is competitively priced and represents around 30 
per cent of transport fuel consumption in that economy (IEA 2004b).

Hydrogen
The focus of hydrogen transport research has been on its role in fuel cell vehi-
cles. Hydrogen can be separated from hydrocarbons including natural gas, coal, 
methanol and residual oil through electrolysis which uses an electric current to 
split water into its components of hydrogen and oxygen. The cheapest and most 
commonly used hydrogen production process is the steam reforming of natural 
gas that converts methane into hydrogen and carbon monoxide.

Hydrogen can be produced for use in transport at large centralised facilities and 
distributed via pipelines or trucks or produced at a large number of decentral-
ised refueling stations. Hydrogen could also be produced on board the vehicle 
by reforming a hydrocarbon such as natural gas or methanol.

The potential of hydrogen use in transport depends on the ability to establish 
economic production and transport infrastructure and fuel cell vehicles. Cur-
rent research and development on fuel cell vehicles is focused on reducing 
costs, improving reliability and lowering the weight of the vehicle. The on-
board storage of hydrogen presents a challenge because of the low energy con-
tent of hydrogen on a volume basis.

Electricity
The current focus of research for using electricity in transport is on gasoline–
electric hybrids. Batteries currently used in electric vehicles have relatively low 
energy density and, therefore, require a larger mass to give a vehicle the same 
performance and range as conventional vehicles (MacLean and Lave 2003). 
If significant breakthroughs are made in battery performance, electric vehi-
cles may emerge as an important transport mode in some developed economies 
(IEA 2004b).

Nonconventional oil sources
Nonconventional oil sources generally refer to heavy oil, tar sands, bitumen and 
oil shales. Reserves of extra heavy oils are concentrated in Venezuela, while 
the Russian Federation and Canada both have large reserves of tar sands and 
bitumen. The United States also has large reserves of oil shales. Recoverable 
reserves of these nonconventional oils are estimated to exceed conventional oil 
reserves in the Middle East (IEA 2002, 2004a).



Oil prices and trade in APEC ��

A major attraction of coal-to-liquids in the APEC region is the vast deposits 
of coal in several member economies, including the United States, China, 
Australia, Canada and Indonesia. Commercialisation of coal-to-liquids 
technology has the potential to enhance energy security and fuel supply in 
the region and reduce the dependence of the region on crude oil imports.

Development of coal-to-liquids technology
Two different approaches exist for the production of liquid fuels from coal: 
direct coal liquefaction (DCL) and indirect coal liquefaction (ICL). DCL 
technology involves making a partially refined synthetic crude oil from 
coal, which is further refined into synthetic gasoline and diesel as well as 
liquefied petroleum gas (LPG). ICL technology involves first gasifying coal 
to make synthesis gas (syngas) and then making synthetic fuels from this 
syngas.

Fuels obtained from coal-to-liquids technology generally have some air 
quality advantages relative to diesel and gasoline derived from crude oil. 
Technology is also being developed to capture and store greenhouse gas 
emissions from the manufacture of liquid fuels from coal.

Direct coal liquefaction (DCL)
DCL technology was invented in the early 1900s and adopted in Germany 
to provide liquid fuels during World War II. The availability of low cost oil 
from the Middle East resulted in this activity being abandoned in the early 
1950s. Research and development was revived in the United States, Ger-
many and Japan after the oil price shocks in the 1970s. However, interest 
declined once again in the mid-1980s with the fall in world oil prices. None 
of the industrialised economies have recently actively pursued DCL tech-
nology to meet their own liquid fuel demand (Williams and Larson 2003).

In DCL technology, pulverised coal is reacted with hydrogen (usually in the 
presence of a liquid solvent) to produce a synthetic crude oil (syncrude). 
No intermediate gasification is needed. DCL involves temperatures above 
400°C, pressures of more than one hundred atmospheres and an appropriate 
catalyst. Syncrude can be refined to produce gasoline, diesel and other fuels 
at conventional refineries.
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Commercial readiness

The lack of cost competitiveness of the DCL process has been the primary 
obstacle to commercial development. Compared with ICL technology, pro-
duction costs for the DCL process were higher and associated with greater 
uncertainty. Initial studies in the United States in the early 1980s estimated 
that the equivalent oil price for products obtained from DCL would exceed 
US$27 a barrel and could be as high as US$45 a barrel (Anastasi 1980).

In the three decades to 1999, research to make fuel from DCL processes 
carried out by the US Department of Energy led to significantly higher 
yields and quality of the liquid fuels and accompanying improvements in 
the economics of direct coal liquefaction. Despite these improvements, the 
high production cost remains a primary concern for DCL.

Indirect coal liquefaction (ICL)
ICL technology involves the gasification of coal in the presence of steam 
and oxygen to produce a mixture of carbon monoxide and hydrogen, called 
synthesis gas. The synthesis gas can then be purified and converted into 
liquid hydrocarbons using one of several conversion technologies, such as 
the Fischer-Tropsch (F-T) liquefaction process or the methanol-to-gaso-
line process. At present the most common options for the final products 
are the F-T liquids (both diesel and gasoline), methanol and dimethyl ether 
(DME).

There are several commercial projects worldwide involving ICL technol-
ogy at present (see box 8).

Commercialisation of coal-to-liquids
DCL projects in China
In response to rising domestic demand and high and volatile world oil 
prices, there has been significant interest in DCL technology in China. With 
its rich coal deposits, China is developing DCL technology as an alterative 
source of liquid fuels to increase its energy security.

Shenhua Group Corporation (Shenhua), China’s largest coal producer, is 
constructing the world’s first commercial DCL facility in the Inner Mon-
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Box 8: Output from indirect coal liquefaction (ICL)

Fischer-Tropsch liquids
Fischer-Tropsch (F-T) technology is well established and is the focus of global 
gas-to-liquids efforts to exploit low cost ‘stranded’ natural gas to make syn-
thetic liquid transport fuels (Williams and Larson 2003). Development of F-T 
technology has emphasised the production of synthetic diesel because the raw 
distillate product is an excellent diesel fuel, while substantial subsequent refin-
ing will be needed to make an acceptable gasoline. Sasol in South Africa has 
extensive construction and operating experience with F-T technology based on 
coal gasification and the conversion of coal into synthetic fuels.

There is growing interest in coal based F-T technology in major APEC econo-
mies, including the United States and China. Sasol F-T synthesis technology, 
together with a Shell gasifier, has been used in a demonstration project in Gil-
berton, Pennsylvania sponsored by the US Department of Energy. This project 
offers an integration of several technologies to convert around 4775 tonnes a 
day of coal waste materials (anthracite culm in this case) into 41 megawatts of 
clean electricity and over 5000 barrels a day of ultraclean transport fuels (DOE 
2004). In China, Synfuels China has been cooperating with industrial partners 
to develop the technology for case study (Li 2004).

Methanol
Methanol is a well established chemical commodity used around the world. It 
can also be used directly as a fuel or further processed to make gasoline and 
DME (Williams and Larson 2003). Because of its high octane rating, methanol 
is well suited for use in cars powered by a spark-ignition-engine with relatively 
modest modifications.

Under the Clean Coal Technology Program sponsored by the US Department 
of Energy, the commercial readiness for methanol production has been proven 
(Heydorn, Diamond and Lilly 2003). The technology was successfully demon-
strated at near commercial scale (3 million litres a day capacity) at a coal gas-
ification facility in Kingport, Tennessee in the late 1990s (William and Larson 
2003).

Dimethyl ether (DME)
DME is a clean oxygenated synthetic fuel that can be made from any carbona-
ceous feedstock. It is a gas at ambient conditions but can be stored as a liquid 
in mildly pressurised canisters like those used for LPG (Williams and Larson 
2003). DME is well suited for use as a transport fuel for vehicles with a com-
pression-ignition-engine, a cooking fuel and a fuel for gas turbines and gas and 
steam turbine combined cycles for power generation. An important feature of 

continued…
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golia Autonomous Region. An estimated US$850 million investment in the 
initial phase of the project is expected to transform 7110 tonnes of sub-
bituminous coal into 20 000 barrels of ultraclean, low sulfur, diesel and 
gasoline a day by 2007. Two trains are planned for the first phase, with an 
additional seven trains in the second phase and a total investment in excess 
of US$5 billion (Fletcher et al. 2004).

As part of the development, Shenhua has built a pilot plant with capacity of 
6 tonnes a day in Shanghai based on processes proposed for the commercial 
plant for studying, fine tuning and improving the technology. The startup of 
the pilot plant was initiated in November 2004 and the plant successfully 
produced liquid fuels in January 2005 (Sun et al. 2005).

Box 8: Output from indirect coal liquefaction (ICL)   continued

DME is that the infrastructure already established for LPG can be adopted,  
essentially without modification.

Current global DME production amounts to 150 000 tonnes a year. Its main use 
is as aerosol propellant. Two coal based DME plants are in operation in China, 
with a total capacity of 40 000 tonnes a year. Rapid expansion of DME produc-
tion is planned in China, to more than 1 million tonnes a year by 2009 (Fleisch 
2004). DME Development Co. Inc., a Japanese consortium, is currently in the 
design/build stage for a 100 tonnes a day DME pilot plant in Kushiro, Hokkai-
do (JFE Holdings 2005). This effort builds on initial testing of a 5 tonnes a day 
capacity reactor that was completed in 1999. A number of gas based projects 
are also planned in the Middle East (Gielen and Unander 2005).

Coproduction with electricity
There is also growing interest in the coproduction of electricity and synfuels in 
ICL. In coproduction, synfuels are produced together with electricity, which is 
generated using integrated coal gasification combined cycle (IGCC) technolo-
gy. Coproduction of electricity and F-T fuels can also facilitate the capture and 
subsequent storage of carbon dioxide and contribute to a reduction in carbon 
dioxide emissions compared with production of conventional fuels (Yamashita 
and Barreto 2003).

A study by Sasol indicates that the coproduction of F-T transport fuels and 
electricity from coal raises the energy conversion efficiency compared with the 
same plant without electricity coproduction. Coproduction could also reduce 
the capital cost per unit of product. Static analysis suggests that synfuel produc-
tion costs may be reduced by around 10 per cent if a coproduction strategy is 
adopted (Yamashita and Barreto 2003).
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Concerns about DCL

As the world’s first commercial DCL plant, a number of factors could 
change the economics of the Shenhua project, as the technology has not 
been demonstrated at a commercial scale.

For example, environmental, safety and technical issues could lead to a 
significant increase in actual costs. Direct coal liquefaction plants may 
generate and release hazardous materials during operation in addition to 
potential water and air contamination (NIOSH 1981). Stricter environmen-
tal protection regulations may therefore significantly increase the capital 
and operation costs. There are also concerns about the lack of experience in 
the manufacturing processes for the large equipment required by the plant 
as well as the operation of DCL facilities. Successful development and 
operation remain significant challenges for the Shenhua project (Fletcher 
et al. 2004). Also, the costs of construction and operation (and hence the 
required selling prices) may differ for plants built in other regions and 
economies.

ICL production and operation costs
Construction and operation costs for indirect coal liquefaction depend on 
a variety of factors, including the technology adopted in the production 
process, the price of the feedstock and the ability to access capital. An ICL 
plant, in principle, needs several subprocesses — oxygen production, coal 
preparation and gasification, syngas purification and syngas conversion. 
These subprocesses require high fixed capital investment.

The costs will also vary depending on the system configurations for car-
bon dioxide (CO

2
) treatment and coproduction of electricity. Because some 

CO
2
 must be removed, together with all hydrogen sulphide (H

2
S) from the 

syngas before the synthesis reactor1, this CO
2
 could be vented to the atmo-

sphere. Alternatively, it could be captured alone or together with the H
2
S 

and compressed for pipeline transport to an underground storage site.

1  Because synthesis catalysts are poisoned by hydrogen sulphide, essentially all hydrogen sulphide 
must be removed upstream. Upstream removal of CO

2
 from the synthesis gas is also desirable to maxi-

mise synthesis productivity, and it provides an opportunity for partial decarbonisation of the process 
(Williams and Larson 2003).
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Syngas can be converted to liquid fuel by synthesis over appropriate cata-
lysts. Recycling of unconverted syngas back to the synthesis reactor enables 
a larger fraction of the coal’s energy to be converted to liquid fuel (the 
so-called recycle configuration). Passing synthesis gas only once over the 
synthesis catalyst, with unconverted synthesis gas used to generate electric-
ity in a gas turbine combined cycle, leads to less liquid fuel production, but 
provides for a significant second revenue stream from the sale of electricity 
(the so-called once-through configuration).

Williams and Larson (2003) estimated the costs of construction and opera-
tion of ICL facilities in the United States under different system configu-
rations (table 14). Assuming coal prices of around US$29 a tonne and an 
electricity price of US4.29c a kilowatt-hour (in 2002 dollars), the estimated 
costs for methanol production under the once-through configuration were 
equivalent to around US$34 a barrel of crude oil with CO

2
 vented (H

2
S 

converted to element sulfur), US$45 a barrel with CO
2
 captured and stored 

(H
2
S converted to element sulfur) and US$36 a barrel with both CO

2
 and 

H
2
S co-captured and stored2. For the recycle configuration (coproduction of 

electricity), the estimated costs (crude oil price equivalents) were US$32 a 
barrel with CO

2
 vented, US$37 a barrel with CO

2
 captured and stored and 

US$33 a barrel with CO
2
 and H

2
S co-captured and stored.

For DME production based on construction in the United States, lower pro-
duction costs were estimated for the once-through design — equivalent to 
around US$40 a barrel with CO

2
 vented (H

2
S converted to element sulfur), 

US$47 a barrel with CO
2
 captured and stored (H

2
S converted to element 

sulfur) and US38 a barrel with CO
2
 and H

2
S co-captured and stored. This 

compares with US$44, US$50 and US$45 a barrel respectively in a recycle 
configuration (scenario 1 in table 14).

In table 14, another set of crude oil price equivalents are presented (denoted 
as scenario 2). These estimates of crude oil price equivalents took into 
account the fact that a spark-ignition-engine optimised for methanol can 
extract 15 per cent more useful work than the same engine operating on 
gasoline. Similarly, a DME fuelled compression-ignition-engine can deliver 

2  Other assumptions in the calculation include four year construction of plant, with a real annual inter-
est rate of 10 per cent, annual operation and maintenance costs of around 4 per cent of the construction 
cost and an annual capital charge rate of 15 per cent. The share of coal input in total production cost was 
estimated to be around 18–22 per cent for both methanol and DME. For other technical assumptions, 
see Williams and Larson (2003).
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18.5 per cent more useful work com-
pared with a spark-ignition-engine 
operating on gasoline. Because of 
these advantages, the so-estimated 
crude oil price equivalents are lower 
than those under scenario 1.

The above cost estimates are broadly 
in line with those reported by some 
industry groups and government 
agencies. For example, recent stud-
ies by the US Department of Energy 
place the estimated cost of producing 
coal liquids at approximately US$30 
a barrel (DOE 2005). Another report 
completed for the US Office of Fossil 
Energy by Mitretek Systems indicate 
that coal liquefaction is expected to 
become viable if the world oil price 
remains above US$25 a barrel in 1998 
dollars (Gray and Tomlinson 2001). 
Adjusted by movements in the US 
consumer price index, this is equiva-
lent to around US$30 a barrel in 2005 dollars. Readers are referred to the 
above reports for the underlying assumptions and other details.

It is, however, important to recognise that these estimates of crude oil price 
equivalents are likely to be higher under the current environment of higher 
coal prices. For example, Australian unit export returns for bituminous coal 
were around US$50 a tonne in mid-2005, a rise of around 97 per cent from 
the same period two years earlier.

Potential implications for world oil market
Higher price differentials between crude oil and other liquid fuel sources 
such as coal, if sustained, may potentially provide incentives for the devel-
opment and production of liquid fuels derived from sources other than crude 
oil. A combination of higher fuel prices and technological advancements 
will make the production of alternative fuels more economical, especially 
over the medium to longer term. Increased availability and production of 

14 Breakeven crude oil price 
equivalents for fuel liquids  

 produced from ICL

	 Scenario	1		 Scenario	2

 US$/bbl US$/bbl
Methanol
OT–V 34.3 28.3
RC–V 31.8 26.1
OT–C/S 45.2 37.9
RC–C/S 37.3 30.9
OT–CC/CS 35.6 29.6
RC–CC/CS 33.0 27.2

DME
OT–V 39.8 25.3
RC–V 44.4 28.7
OT–C/S 47.4 30.9
RC–C/S 49.5 32.5
OT–CC/CS 37.5 23.5
RC–CC/CS 44.5 28.8

OT = once-through configuration, RC = recy-
cle configuration, V = CO

2
 vented, C/S = CO

2
 

captured and stored, CC/CS = CO
2
 and H

2
S co-

captured and co-stored.
Source: Williams and Larson (2003).
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alternative fuels would also constrain upward pressure on world crude oil 
prices.

There are, nevertheless, hurdles in developing an industry for alternative 
fuels. In the case of coal-to-liquids, a major hurdle facing the startup of 
such an industry is the high capital costs associated with the construction of 
a commercial sized plant. For example, the US Department of Energy esti-
mates the capital costs of an ICL facility in the United States with electricity 
generating capacity of 1000 megawatts and daily liquids production capac-
ity of 33 200 barrels at approximately US$2.2 billion (DOE 2005). Thus, an 
industry capable of producing 1 million barrels of coal derived liquids per 
day would require a total capital cost of US$66 billion (30 plants). In 2004, 
the United States imported around 11.9 million barrels of crude oil a day. 
Other factors that can constrain the commercialisation of coal-to-liquids 
technology include plant siting issues, such as waste disposal and water 
availability, and challenges in development and operation. Uncertainty sur-
rounding future crude oil price movements would also be a concern.

While the startup costs could be lower in other APEC member economies, 
they would still be substantial. Based on Williams and Larson (2003), for 
example, the construction costs for an ICL plant in China could be around 
20 per cent lower than in the United States.

If higher world oil prices were to persist over the coming years, the pos-
sibility of production of liquid fuels from coal is likely to increase gradu-
ally over the medium to longer term. Assuming oil prices (in 2003 US dol-
lars, where ‘oil price’ is defined as the US average refiner’s acquisition cost 
of imported crude oil) at about US$34 a barrel through to 2015 and then 
increasing to more than US$39 a barrel by 2025, the US Department of 
Energy projects that around 49 million tonnes of coal will be consumed 
for producing liquid fuels in the United States by 2025, yielding around 62 
million barrels of liquid fuels and 34 billion kilowatt-hours of electricity 
(EIA 2005g). If higher oil prices are assumed (US$37 a barrel by 2010 and 
US$48 a barrel by 2025), around 212 million tonnes of coal are projected 
to be consumed for liquid fuels in the United States, producing around 1 
million barrels a day of synthetic liquid fuels by 2025.

While these production projections are small relative to oil consumption in 
the United States (estimated at around 20.7 million barrels a day in 2004), 
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production could increase markedly, if world oil prices were to remain sig-
nificantly higher for an extended period.

The impact of coal-to-liquids technology on world oil prices will depend 
on the extent to which production of liquid fuels from coal increases in the 
future. If coal-to-liquids technology is widely adopted commercially by the 
APEC economies in the long term, production of liquid fuels from coal will 
increase significantly. This will reduce the dependence of the APEC region 
on crude oil imports, provide greater security for fuel supply in the region 
and, potentially, reduce upward pressure on world oil prices.
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7
trade and investment barriers in 
APEC
A secure and sustainable supply of oil is required to sustain the economic 
growth of APEC economies. As a net oil importing region, energy security 
is among the key concerns of APEC. The ability to ensure adequate supply 
of oil in APEC economies and respond appropriately to sustained increases 
in oil prices is influenced by each economy’s trade and investment policies. 
This chapter examines the trade and investment barriers in APEC across 
major sectors, with a focus on the energy sector. First the framework under 
which trade and investment policy reforms in the APEC region are under-
taken is discussed. The progress of these reforms is then examined. The 
extent to which trade and investment barriers limit the capacity to respond 
to oil price increases in the region is also discussed. Reflecting the large 
capital requirements of the energy sector in APEC, the key role of invest-
ment in minimising the adverse effects of sustained increases in oil prices 
and the issues related to attracting investment to finance the capital require-
ments in the energy sector are also discussed.

APEC framework for trade and investment  
policy reform
Free and open trade and investment is one of the core principles of APEC. 
This was articulated in 1993 when the leaders of APEC issued a vision state-
ment at Blake Island, Seattle, in the United States, in which they pledged to 
continue to reduce barriers to trade and investment to enable goods, services 
and capital to flow freely among their economies. In the following year, 
a significant declaration known as the ‘Bogor Declaration’ was made by 
APEC leaders in Bogor, Indonesia. This declaration reiterated the objective 
of enhancing trade and investment in the Asia Pacific and agreed to adopt 
the long term goal of free and open trade and investment in the region. Most 
significantly, the Bogor Declaration established the broad framework and 
timetable for trade and investment liberalisation in the APEC region. 

Under the Bogor Declaration, APEC aims to achieve the goal of free and 
open trade and investment in the region no later than 2020. In recognition 
of the differing levels of economic development among APEC economies, 
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the goal was set at different timetables, with the developed member econo-
mies achieving the objective no later than 2010 and the developing mem-
ber economies no later than 2020. Under the Bogor Declaration, individual 
investment plans are formulated by member economies on a voluntary basis 
as a vehicle to achieve the objectives of the declaration. APEC’s commit-
ment to free and liberalised trade and investment was reaffirmed at Osaka 
in 1995 and in Manila in 1996.

In addition to the provisions of the Bogor Declaration, a number of 
APEC economies have aimed to liberalise their trade and investment 
regimes through several international frameworks such as the World Trade 
Organisation (WTO) and regional arrangements, including the ASEAN 
Free Trade Area (AFTA) and the North American Free Trade Agreement 
(NAFTA) (table 15). Several APEC economies have also undertaken  

15 Major arrangements through which APEC economies aim to liberalise 
their trade and investment regimes

	 WTO	 OECD	 AFTA	 FTAA	 NAFTA

Australia ✓ ✓

Brunei Darussalam ✓  ✓

Canada ✓ ✓  ✓ ✓

Chile ✓   ✓

China ✓

Hong Kong, China ✓

Indonesia ✓  ✓

Japan ✓ ✓

Korea, Rep. of ✓ ✓

Malaysia ✓  ✓

Mexico ✓ ✓  ✓ ✓

New Zealand ✓ ✓

Papua New Guinea ✓

Peru ✓   ✓

Philippines ✓  ✓

Russian Federation
Singapore ✓  ✓

Chinese Taipei ✓

Thailand ✓  ✓

United States ✓ ✓  ✓ ✓

Viet Nam ✓

WTO – World Trade Organisation; OECD – Organisation for Economic Cooperation and Development; 
AFTA – ASEAN Free Trade Area; FTAA – Free-Trade Area of the Americas; NAFTA – North Ameri-
can Free Trade Agreement.
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measures through bilateral arrangements and also via unilateral reforms to 
remove impediments to trade and investment.

Declining trade barriers
The impact of various international arrangements on trade and investment 
liberalisation is quite significant. In APEC, no member economy had an 
average tariff of more than 14 per cent in 2004 except Viet Nam (figure 20, 
based on APEC Individual Action Plan 2004). And only seven economies 
had an average tariff of more than 8 per cent.

The reduction in tariffs in APEC economies is also notable after the imple-
mentation of the Bogor Declaration. For example, Indonesia had an average 
tariff of 13 per cent in 1996 compared with 7.2 per cent in 2004. The Philip-
pines reduced its average tariffs from 14 per cent to 7 per cent over the same 
period. Although the progress of trade and investment liberalisation under 
the Bogor Declaration has been slow because of the voluntary nature of the 
offerings and the absence of real negotiations under the Individual Action 
Plan (IAP) mechanism (Lincoln 2001), it can be expected that the rate of 
reform will accelerate as deadlines approach.

20 Simple average applied tariffs in APEC, 2004
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Although average tariffs have fallen in most APEC member economies, 
individual tariffs and related trade barriers on a number of products remain 
high. These relate to categories of agriculture and textile clothing and foot-
wear in some developed member economies (figure 21). The tariffs on fos-
sil fuels such as coal, oil and gas are the lowest among categories of prod-
ucts. Only a few member economies impose tariffs on imports of crude 
oil and they are at low rates. Among these are Chile (8 per cent), Chinese 
Taipei (2.5 per cent), the Republic of Korea (5 per cent) and Mexico (10 
per cent).

Mexico’s relatively high tariff on crude oil imports reflects its ‘strategic’ 
treatment of the oil industry. As Mexico is an oil exporting economy, the 
significance of the tariff is in ensuring that domestic oil production is pro-
tected to some degree from imported oil if world oil prices fell below the 
price of Mexican oil.

The zero tariffs on crude oil in many economies reflect the importance of 
this raw material in driving economic activities of APEC economies. It is 
recognised that the availability of energy such as oil is a prerequisite to 
economic development (IEA 2004a).

21 Simple average applied tariffs in APEC, 
by sector, 2004
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For each category, the simple average applied tariff is calculated by summing 
the MFN applied tariff for all tariff items that belong to the product category 
and dividing by the number of tariff items. Estimated tariffs do not include 
tariff quotas, specific tariffs and nontariff barriers.
Source: WTO (2005).
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Although APEC economies have made significant reductions in their tar-
iffs, there are still opportunities to obtain economic benefits from further 
trade reform. In particular, reduction in tariffs can be undertaken for trade in 
textile, clothing and footwear, agriculture and manufactured products in a 
range of APEC economies. If such reform is undertaken, it can be expected 
that the energy sector will also benefit (through a more efficient allocation 
of resources within economies) as it is one of the least protected sectors in 
APEC.

Some investment barriers still remain
Oil industries in APEC are characterised by extensive state involvement in 
upstream activities. For example, in the oil producing economies of Chile, 
China, Malaysia, Mexico, Thailand and Viet Nam, oil production involves 
state owned firms. Governments are also involved in downstream activities 
in a variety of ways, including ownership of facilities, regulation of prices, 
control of trade in petroleum products and regulation of retail supply activi-
ties (Fairhead et al. 2002).

APEC members have been implementing structural adjustments to their 
economies, including deregulation of energy markets. In these economies, 
both upstream and downstream reforms of energy markets have been under-
taken, for example, by moving from public ownership of energy assets to 
private ownership. The major upstream reforms relate to the removal or 
easing of controls on private and foreign involvement (Fairhead et al. 2002). 
Downstream reforms have also been widely implemented, although these 
activities remain heavily regulated in many economies. Some controls on 
imports of refined products have been lifted to promote competition and 
some restrictions on retail prices and other retail activities, such as petrol 
station location and ownership, have been eased. Downstream activities 
have been deregulated over the past decade in Hong Kong China, Japan, 
Malaysia, the Philippines, Chinese Taipei and Thailand. Further major 
upstream and downstream reforms are planned in Indonesia, with legisla-
tion passed by the parliament in October 2001.

The Japan National Committee for Pacific Economic Cooperation Council 
has also documented substantial liberalisation in APEC, particularly of for-
eign direct investment (FDI) from 1996 to 1999. One of the main findings 
of this study is that developing economies have more restrictive regimes 
than developed member economies within the region (JANCPEC 2003).
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Despite these reforms, distortions still remain in many APEC economies. 
In table 16, selected foreign investment measures compiled from the lat-
est guide to APEC investment regimes are provided (APERC 2003c). It is 
shown in this table that governments in all APEC economies either restrict 
or ban foreign ownership of domestic assets in certain sectors. In most 
instances these restrictions or bans apply to transport and communication, 
financial services and in the development of natural and energy resources, 
particularly oil and natural gas. In some instances, the bans apply not only 
to foreign investors but also to domestic companies. Other distortions relate 
to the use of taxation incentives, screening/notification and the application 
of performance requirements.

16 Selected major distortions to foreign direct investment in APEC 

	 	 	 Perfor-	
	 	Restricted/	 mance	 Non-tax	 Taxation	 	 Ex-	
	 Screening/	 closed	 require-	 fiscal	in-	 incen-	 Priority	 change	
	 notification	 sectors	 ments	 centives	 tives	 sectors	 controls

Australia yes yes no no yes yes no
Brunei Darussalam yes yes ni yes yes yes no
Canada yes yes no no no no no
Chile yes yes yes ni yes no no
China yes yes no ni yes yes yes
Hong Kong, China no yes no yes yes no no
Indonesia yes yes no ni yes yes no
Japan yes yes no yes yes ni no
Korea, Rep. of yes yes no ni ni yes no
Malaysia yes yes no yes yes yes no
Mexico yes yes no yes yes yes no
New Zealand yes yes no yes ni yes no
Papua New Guinea yes yes no yes yes yes yes
Peru no yes no no yes yes no
Philippines yes yes no no yes yes no
Russian Federation yes yes yes ni yes yes yes
Singapore no yes no yes yes no no
Chinese Taipei yes yes no yes yes yes yes
Thailand yes yes yes yes yes yes no
United States no yes no no no no no
Viet Nam no yes yes yes yes yes ni

ni Not indicated.
Source: APERC (2003c).
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Another distortion to foreign investment that acts in a similar way as restric-
tions or bans on certain activities is the identification of priority sectors. 
Here, APEC governments identify priority sectors which, in most cases, are 
biased in favor of activities that are export oriented. Most APEC economies 
use this type of regulation to attract foreign investment in designated sec-
tors. To induce the flow of capital to priority sectors, APEC governments 
provide incentives such as fiscal or taxation incentives. Fiscal incentives 
come in the form of investment promotion, support to training, and state 
sponsored favorable prices of land. Taxation incentives are in the form of 
tax concessions involving research and development, investment tax allow-
ances, accelerated depreciation and duty free import of inputs.

In addition to bans on private or foreign participation, restrictions on par-
ticipation or ownership of assets are also commonly applied in the energy 
sectors of APEC economies. Several examples of specific distortions in 
selected APEC economies are provided in box 9.

While the APEC investment guide provides information on the investment 
regimes in APEC and the extent of liberalisation, it does not always cap-
ture the investment regimes completely, partly because regulations are not 
always practised in the ways that are stated or recommended in some mem-
ber economies (JANCPEC 2003). According to the World Bank (2005), 90 
per cent of firms in developing economies in general report gaps between 

Box 9: Examples of specific distortions in the energy sector in APEC 
economies

Mexico
In Mexico, some activities are considered to be ‘strategic activities’ that are re-
served exclusively for the state. These activities include energy sectors such as 
oil production and oil refining, basic petrochemical production, sale of electric-
ity to the public and nuclear power. In addition to the regulation of energy pro-
duction, retail trade in gasoline and liquefied natural gas is reserved exclusively 
to Mexicans or to Mexican companies with a Foreigners Exclusion Clause.

State owned monopolists dominate Mexico’s energy sector. Petroleos Mexi-
canos (Pemex), the state owned oil and gas company, has exclusive rights to 
oil and gas exploration and production in Mexico. The company’s financial 
capacity to invest in exploration and production has been severely curtailed by

continued
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Box 9: Examples of specific distortions in the energy sector in APEC 
economies   continued

its financial responsibility to the Mexican Government. As a result, there has 
been insufficient investment in the upstream oil and gas sectors, contributing 
to the sharp and recent declines in proven reserves of both oil and gas (Hogan 
et al. 2005).

Canada
In Canada, the approval of the Minister of Energy, Mines and Resources of 
a ‘benefits plan’ is required to receive authorisation to proceed with any oil 
and gas development project under the Canada Oil and Gas Operations Act. 
A ‘benefits plan’ is a plan for the employment of Canadians and for providing 
Canadian manufacturers, consultants, contractors and service companies with 
a full and fair opportunity to participate on a competitive basis in the supply 
of goods and services used in any proposed work or activity referred to in the 
benefits plan. The Act permits the Minister to impose an additional requirement 
on the applicant, as part of the ‘benefits plan’, to ensure that disadvantaged 
individuals or groups have access to training and employment opportunities or 
can participate in the supply of goods and services used in any proposed work 
referred to in the ‘benefits plan’.

China
China identifies specific activities in the energy sector for foreign investment. 
In most cases these activities require joint venture arrangements with Chinese 
partners. For example, the prospecting and exploitation of oil and natural gas 
should be in cooperation with Chinese partners only. The Chinese Government 
is also involved in oil and gas production, having a majority stake in the econ-
omy’s three largest oil and gas firms.

Indonesia
Based on Law No. 22 of 2000, the oil and gas sectors are divided into upstream 
and downstream sectors. In the upstream oil and gas industry, production shar-
ing contracts between foreign investors and domestic institutions appointed by 
the Indonesian Government are required, whereas investment in downstream 
oil and gas industry activities is regulated by Law No. 1 of 1967.

Russian Federation
Foreign participation in the privatised oil and gas industry is also restricted. In 
the electricity sector, foreign participation is limited to 25 per cent, while in the 
gas industry the limit is 14 per cent. The state is also involved in oil produc-
tion and distribution, having large stakes in the economy’s major oil and gas 
companies.

Source: APERC (2003c).
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22 Incidence of impediments to foreign direct 
investment in APEC economies per thousand FDI cases
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formal policies and what happens in practice in investment activities. Based 
on a survey conducted by the Japan Business Council for Trade and Invest-
ment Facilitation, JANCPEC (2003) has documented the incidence of FDI 
impediments in APEC (figure 22). The impediments surveyed include mar-
ket access, equity restriction, examination procedure, work permits and 
performance requirements. According to the JANCPEC (2003) analysis, 
the highest number of incidence, by type of impediment, is performance 
requirements. This incidence of application of performance requirements 
is an example of policy not implemented in practice because, according to 
the investment guide in APEC, most economies do not have performance 
requirements for investors (see table 16).

The incidence of impediments is highest in the Russian Federation and Viet 
Nam, followed by Mexico, Malaysia and China (figure 22).

An interesting observation that can be drawn from the survey (see JANCPEC 
2003) is that economies that are producing, and/or exporting, oil have a 
higher incidence of impediments — for example, the Russian Federation, 
Mexico and Indonesia. Another finding of the survey is that, as a group, the 
developing APEC member economies have an incidence of impediments to 
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foreign direct investment of 7.81 per thousand, while the developed econo-
mies’ average is only 0.26. This finding is similar to that of the World Bank 
(2005) which reported that impediments to investment are more of a prob-
lem in developing economies than in developed economies.

Gains from trade and investment liberalisation
Analysis of the Bogor Declaration by Schneider et al. (2000) shows that 
the implementation of trade liberalisation according to the principles and 
timetable agreed in the declaration could provide significant additional eco-
nomic output in the region in 2020 of approximately US$225 billion (at 
1995 prices). This is about a 0.75 per cent increase in regional GDP relative 
to a reference case. On average, newly industrialised and developed APEC 
economies experienced smaller increases in GDP because they have gener-
ally lower levels of protection. With the inclusion of productivity gains, the 
benefits can be expected to increase to US$345 billion (at 1995 prices).

A significant finding of that study is that as a region, trade liberalisation in 
APEC could result in increased regional production of fossil fuels in 2020. 
In particular, oil production in major producing economies such as Canada, 
Mexico and the United States is expected to increase when trade is liber-
alised. In these economies, the liberalisation of trade results in releasing 
the resources from previously protected industries such as agriculture, and 
to some degree manufacturing, into less protected sectors such as energy 
production.

When liberalisation of investment regimes, including liberalisation of for-
eign direct investment in APEC, is undertaken, additional GDP gains rang-
ing from 0.5 to 2.7 per cent relative to trade liberalisation only are expected 
for member economies. And most significantly, energy production is 
expected to be larger than in a scenario where only trade regimes are liber-
alised. For example, energy supply responses in oil exporting economies in 
APEC are greater under trade and investment liberalisation than with trade 
reform alone. This highlights the importance of investment liberalisation in 
increasing oil production in the region.

If energy sector reform alone is undertaken, it may be also expected that 
economic gains could be attained as the energy sector is highly regulated in 
many APEC economies. Fairhead et al. (2002) analysed the economic and 
sectoral impacts of liberalising the electricity, natural gas and downstream 
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oil markets in APEC economies. Their findings indicate that reforming 
APEC’s energy market translates into an increase in regional economic out-
put of around US$71 billion (in 1999 prices). The highest gains are attained 
by developing member economies, reflecting the currently highly regulated 
regimes affecting energy sectors in these economies and the relatively large 
contribution of oil and gas sectors to their economic output. In such econo-
mies, energy production increased relatively more than outputs of other 
sectors. For example, oil production in Mexico and Indonesia significantly 
increased relative to other sectors.

Limitations in the capacity to respond to oil price increases
The effects of barriers to trade in the oil sector on the ability of APEC 
economies to respond to oil price increases is expected to be small. As dis-
cussed earlier, tariffs on oil and other energy products are generally low 
in the APEC region. In fact most APEC economies do not impose tariffs 
on crude oil, so the effect of tariffs is expected to be insignificant. How-
ever, the elimination of trade barriers (tariff and nontariff) for some other 
products that are protected in many APEC economies, including agricul-
ture and manufacturing, and reform of domestic support programs in some 
APEC economies can affect oil production capacities in the region indi-
rectly through improved resource allocation and, to some extent, the avail-
ability of funds for investment through effects on incomes. Such reform is 
expected to transfer productive resources out of the protected sectors into 
less protected activities such as the oil sector. This would expand the pro-
duction capacity in APEC economies that are currently producing oil but 
are devoting resources for the protection and support of activities other than 
the oil sector.

The restrictions on investment in the APEC region, such as those discussed 
previously, are expected to have a more limiting effect on the ability of 
APEC as a region to adjust to sustained price increases in oil. The limita-
tions may occur in three main areas: the ability to increase oil production 
within APEC; the ability to substitute oil with other energy products; and 
the ability to develop and introduce new technologies that are less oil inten-
sive and to develop alternative processes in producing liquid fuels.

n Production, processing and distribution capacity. Investments in the 
oil sector, such as in oil exploration, will increase proven reserves, 
which can potentially improve domestic supplies in APEC oil produc-
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ing economies. This will potentially reduce the import dependence of 
the APEC region as a whole and reduce its vulnerability to disruptions 
in supply from outside the region. At the same time, investments in 
facilities such as refineries and pipelines are important to produce and 
deliver petroleum products. With the expected increase in demand for 
petroleum products in the APEC region, investments in such facilities 
will help the region avoid the bottlenecks that may occur in down-
stream activities.

n Oil substitution. Barriers to investment are expected to constrain invest-
ment in alternative fuels, such as natural gas and coal, and renewable 
energy sources, which will limit their availability and usefulness. The 
limited availability of alternative fuels is expected to limit the ability 
of APEC economies to substitute oil with other fuels in the event of a 
sustained oil price increase.

n Research and development. R&D on the wider use of other traditional 
energy sources, the development of alternative processes in producing 
liquid fuels from sources other than crude oil, and the harnessing of 
renewable energy sources, such as solar, wind and hydro power, will 
be limited when investments are restricted.

n Use of energy efficient technologies. Barriers to investment will limit 
the introduction and use of new energy saving technologies that can be 
adapted in high oil intensive areas such as transport and other oil inten-
sive activities. Barriers will also reduce investments in technologies 
that reduce energy intensity in other products, including household 
appliances, industrial equipment and machineries.

In addition, an important intervention in the energy sector in some APEC 
economies that affects responses to oil price increases is the provision of 
fuel subsidies such as subsidies on consumption of petrol, diesel and other 
oil products. This intervention can provide short term relief to some con-
sumers but it is not sustainable in the long run, distorting the economy and 
reducing economic growth. The subsidy tends to encourage consumption 
and increases the oil intensity of economic activities. For example, of the 
three fuel-subsidising economies of Indonesia, Thailand and Malaysia, the 
highest petroleum consumption per unit of gross domestic product (GDP) is 
in Indonesia (The Economist 2005). Indonesia has the largest fuel subsidy 
among the above mentioned economies in 2004.
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23 Energy investment requirements in the APEC 
region, 20 years to 2020 
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Large investment needs in APEC energy sector

High economic growth in the APEC economies is expected to drive increases 
in the demand for energy. To meet this increasing demand, investment will 
be required for the production of energy, including its delivery and distri-
bution throughout the APEC region. APERC (2003b) estimates that in the 
twenty years to 2020, a total of US$3.4–4.4 trillion in investment in energy 
will be required in the APEC region to meet the region’s growing energy 
demand. During that period, the yearly investment needs are projected to 
be US$149–252 billion. About half of the total requirement, or US$2.2 tril-
lion, is needed for electricity generation and transmission infrastructure 
alone (figure 23; APEC 2003b).

APERC (2003b) projects that the bulk of the investment needs are in China 
(US$1307 billion), the United States (US$762 billion) and the Russian Fed-
eration (US$689 billion). Of the total requirement, the investment needs for 
oil and gas production, processing and the petrochemical industry account 
for 23 per cent, or about US$1 trillion. Four economies require more than 
US$100 billion in investments in the oil and gas sectors. The United States 
requires US$231 billion, the Russian Federation US$146 billion, Canada 
US$145 and China US$127 billion. Mexico needs investment into the oil 
and gas sector of US$64 billion (details in box 10).
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In general, investment requirements in absolute amounts are lower in 
developing economies than in developed economies. However, because the 
economies of developing economies, excluding China, are small, the bur-
den of financing the requirements for energy investment is heavier there 
than in developed economies as developing economies tend to have limited 
domestic sources of capital. In figure 24, where investment requirements 
are presented as a percentage of GDP, the highest requirement is for Papua 
New Guinea, Viet Nam and the Russian Federation. This raises an issue on 
whether sufficient financial resources can be mobilised in those economies 
to support the demand for investment capital. It is argued that it will be  

Box 10: Some details of investment requirements in major APEC oil 
producing economies

APERC (2003b) projects that expenditure on oil exploration and production 
on deepwater field developments will account for a large share of oil and gas 
exploration and production in the future. For the period 2003–07, 148 new 
deepwater fields are expected to come onstream in the APEC region, more than 
twice the number during the previous five years.

The Russian Federation and Canada are expected to increase their production 
of oil through to 2020. Investment in these two economies is related to up-
stream activities, for example oil mining activities. Canada, the seventh largest 
oil producer in the world, has the capacity to boost its production by tapping 
into its vast oil sands deposits, which account for 95 per cent of its proven oil 
reserves. Oil production from oil sands has already played a role in increas-
ing oil production and will start replacing aging fields. Analysts predict that 
oil sands production will increase significantly in coming years and offset the 
decline in Canada’s conventional crude oil production (EIA 2005a).

In the Russian Federation, the required investment in the oil and gas sectors is 
similar to that of Canada. Projections by the EIA (2005d) indicate that Russia 
needs investments for increasing crude oil processing capacity and in moder-
nising its inefficient and aging refineries. According to the draft plan for eco-
nomic development for 2005–08, the reconstruction and upgrading of refineries 
will be a priority for future oil refinery development in Russia (EIA 2005d).

The United States has the largest investment requirement for oil and gas. One 
area requiring investment is in increasing US refining capacity, which fell sig-
nificantly in the 1980s. From 1981 to 1986 the number of refineries in the

continued
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Box 10: Some details of investment requirements in major APEC oil 
producing economies   continued

United States dropped by 123 operating plants (APERC 2003b). In 2003 the 
number of operable refineries was 149 (EIA 2005e). As utilisation rates in-
crease with rising demand, refining capacity will need to be increased.

Investment needs in the United States are expected to increase further after oil 
rigs, pipelines and refineries in the Gulf of Mexico were rendered inoperable or 
damaged by Hurricane Katrina in late August 2005.

In China, where oil demand is projected to increase by 4.3 per cent a year 
over the period 2000–20, upstream and downstream investment in oil and 
gas is estimated to amount to US$127 billion. Through its Tenth Five Year 
Plan, the Chinese Government is encouraging exploration and development 
of oil and gas fields both domestically and abroad. While China’s gas mar-
ket remains at an early stage of development, the Chinese Government has 
set a target to raise the share of natural gas in total primary energy supply 
from the current 2 per cent to 10 per cent in 2020 (APERC 2003b). Although 
a number of projects are currently under way in partnership with foreign 
companies, achieving this target will require a large amount of investment.

Although Mexico is reported to have the third largest proven conventional 
crude oil reserves in the western hemisphere after Venezuela and the United 
States, it has one of the most regulated oil sectors. It is also the second larg-
est oil exporter in APEC after the Russian Federation. However, as investment 
over the past twenty years has been insufficient, Mexico could be importing oil 
after 2013. To avoid this possibility, the Mexican Government has advocated 
US$130 billion of investment in Mexico’s oil sector over the next ten years, 
including permitting investment by foreigners (EIA 2005c).

In particular, Pemex plans to increase crude oil production to 4 million barrels a 
day and to achieve a 75 per cent reserve replacement by 2006. In order to meet 
these goals, Pemex has estimated that it will need to make capital expenditures 
of approximately US$45.3 billion in exploration and production over the next 
five years, in addition to US$16.1 billion refinery upgrades over the next ten 
years in order to meet anticipated growth in domestic and international oil mar-
ket demand.

Pemex is also expected to spend $29.8 billion to develop a planned 13 500 
wells and has already signed a $500 million oil field services contract with ICA 
Fluor Daniels and Schlumberger to drill 250 wells (EIA 2005c).

In other oil producing economies, such as Indonesia and Viet Nam, upstream 
investments are necessary to find additional reserves and downstream invest-
ment activities are required to increase refining and distribution facilities.
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necessary for developing economies to tap international capital through for-
eign direct investment.

Investment – key to moderating adverse effects of  
sustained oil price increases
Investment drives economic growth. It brings more inputs into the produc-
tion process and builds the productive capacity of an economy. It brings 
not only financial resources, but technologies and management skills that 
increase productivity. The significance of investment in increasing economic 
growth motivates governments to seek investments both from domestic and 
international sources. At times, governments themselves undertake invest-
ments but their abilities are limited by the extent of tax and other govern-
ment revenue available.

The importance of investment is even more crucial in the energy sector 
because energy is an integral part of economic activity, and investment in 
energy facilities is essential to support economic growth (APERC 2003b). 
In recognition of the region’s needs for investment, APEC has given prior-
ity to facilitating investment in the energy sector, fostering efficient capital 

24 Energy investment requirements as a 
percentage of GDP, 2000–20
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markets, and engaging international financial institutions and the private 
sector (Choi Seok Young 2005).

A range of investment options would be required to increase the ability of 
APEC economies to respond to changes in energy markets and minimise 
any adverse effects of energy market developments. As suggested in Hogan 
et al. 2005, these options include:

n adoption of a diversified portfolio of interchangeable energy forms 
and energy supply sources – for example, increased investment in 
domestic exploration for oil and other energy forms, investment in fuel 
switching systems and, in many economies, increased use of natural 
gas.

n interconnection of energy systems – interconnection reduces vulner-
ability to system failure.

n encouragement of investment in more efficient energy technologies 
– these technologies reduce the energy intensity of economies by, for 
example, reducing fuel use in transport.

Investing in developing cost effective alternative processes for producing 
liquid fuels and in developing nontraditional energy sources is another 
option for APEC.

Implementation of the above options would further increase the estimated 
investment requirements for the energy sector in APEC. Harnessing the 
resulting vast amount of capital requirement through public funds is argu-
ably beyond the capacity of many of the governments of APEC member 
economies. Private capital both from domestic and/or foreign sources must 
be mobilised to meet the investment requirements. Thus, the challenge for 
member economies is how they may attract investors so that investment 
requirements are met. Dollar et al. (2003) found that there is a strong link 
between the investment climate and the level of productivity, wages and 
profit at the firm level. This suggests that an important strategy to attract 
investment is to provide an environment in the energy sector that is condu-
cive to investment.

By removing investment barriers and improving the domestic environment 
for investment, many APEC economies, particularly developing economies, 
can enhance their capacity to respond to changes in energy market develop-
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ments, such as sustained oil price increases, in many different ways. These 
include:

n Direct oil sector response. If investments in the oil sector, including 
upstream and downstream activities, are in place within APEC, sus-
tained oil price increase could be cushioned in the region through 
appropriate supply responses. This would be possible, if, as a result 
of investments, spare production capacity in the region were devel-
oped. APEC has five of the ten largest oil producing economies, so that 
investments in this sector will increase the capacity of the region to 
respond to adverse market developments.

n Fuel substitution. The investment requirements estimated by APERC 
(2003b) cover both the upstream and downstream activities in the 
APEC energy sector. This includes coal, oil and gas exploration, trade, 
pipelines and generation and transmission of electricity. This broad 
coverage of investment ensures that production and distribution capac-
ity is increased not only by the oil sector, but by other alternative fuels. 
With the availability of alternative fuels, temporary or even sustained 
oil price increases would have a much lesser impact within APEC, as 
oil would be substituted with other relevant sources such as gas, coal 
or even clean energy sources, such as solar or wind, as appropriate. 
However, the ability to use other sources of energy would be affected 
by ability to substitute oil with other fuel alternatives. For example, 
investments should also be made into fuel switching systems, as sug-
gested earlier.

n Increasing efficiency. In addition to direct investments in the energy 
sector, it has been recognised that investments in more energy efficient 
technologies should be encouraged, for example, in transport systems, 
household appliances, and heating and cooling systems. This will con-
tribute to reducing the oil intensity of many APEC economies.

n Use of alternative processes. As discussed in chapter 6, liquid fuels 
can be produced from sources other than crude oil — for example, 
with the use of direct coal liquefaction, where synthetic crude oil can 
be produced from coal. Investments by a number of APEC economies, 
including the United States, Japan and China, have already been made 
into such processes either for construction of coal-to-liquids plants or 
to study the viability for commercialisation of such technologies.
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n Nonfossil fuel sources. Another important area of investment is in 
other energy sources, such as solar, wind and hydro–thermal, that may 
lessen dependence on oil in certain activities.

A key aspect of the above investment options is the development and use 
of technologies in the production and utilisation of fossil fuels, including 
the use of renewable energy sources. As much of the innovation of these 
technologies occurs in a few developed economies, most APEC economies 
will be dependent on others for access to such technologies. Speeding up 
the rate of transfer and adoption of new or leading edge technologies from 
innovating economies to economies that are less technologically advanced 
is a key aspect of realising the potential for technology to reduce growth 
in energy consumption in APEC economies. This may be realised through 
foreign direct investment and regional cooperation, including arrangements 
within the APEC framework.

Improving the environment for investment
Investments in the energy sector are often large and have the characteristics 
of being ‘locked into’ as they cannot be moved elsewhere easily. In addi-
tion, the majority of costs when undertaking investments is borne immedi-
ately, while the benefits are spread over time. Reflecting this characteristic, 
investors in many sectors including the energy sector make every effort to 
ensure that their decisions to invest are motivated by the viability of the 
undertaking, which is influenced by the costs, risks and barriers to competi-
tion (World Bank 2005). Behavior of governments through their investment 
policies and regulatory control could influence the opportunities and incen-
tives for firms to invest, in general. 

In this context, a number of approaches can be used to improve the invest-
ment environment for firms. These include the following.

Reducing risk
Risks and returns are drivers of energy investment (APERC 2003b). Min-
imising risks to potential investors is important if investments are to be 
attracted. Governments have an important role in minimising risks as they 
influence stability and security of investment environment through economic 
and regulatory policies. Policies affecting taxation, and fair and transpar-
ent laws and regulations will help minimise risks. Such policies need to 
be transparent and enforced consistently. There should also be continuity 
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in policies even if administrations change. The certainty of policies is an 
important factor for investors. The World Bank Investment Climate Surveys 
of firms has recently indicated that in developing economies, policy related 
risks are the main concern of firms, surpassing macroeconomic instability 
and taxation (World Bank 2005).

Openness/competition
Despite the need to attract investment, particularly from international 
sources, restrictions are imposed on foreign companies in many APEC 
economies. As discussed earlier, the oil sector in many oil producing econ-
omies, particularly developing member economies, is dominated by state 
firms. In some economies, the participation of foreign oil companies is not 
permitted in oil and gas exploration. In other economies, the ownership of 
oil companies is restricted. The limited openness to foreign investment is 
often a major disincentive for international oil companies that plan to oper-
ate in developing economies (IMF 2005a).

In addition to the direct restrictions, foreign investment laws in many APEC 
economies are not transparent about the obligations of foreign investors, 
making such investors uncertain about the application of existing laws 
(Bora and Graham 1997).

Barriers to competition in the oil sector promote inefficiencies and increases 
costs. By removing barriers to competition in the oil sector, oil firms will 
improve their productivity and innovate in their production processes.

Reducing business costs
Estimates by the World Bank (2005) indicate that the costs associated with 
crime, corruption, regulation, unreliable infrastructure and poor contract 
enforcement can amount to over 25 per cent of sales or more than three 
times what is typically paid in taxes. Measures necessary to reduce these 
costs will contribute to improving the investment climate and in attracting 
oil firms and other investors, both domestic and foreign.
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concluding remarks

Diverse range of factors influence oil price rises
The current high oil prices are the culmination of a diverse range of fac-
tors. First, global demand for oil has continued to rise. The highest rates of 
demand have been in the United States, China and other parts of Asia. While 
growth rates have recently declined to levels closer to historic norms, the 
absolute amount of oil demanded has increased and will continue to grow. 
The high levels of demand are strongly linked to the growth in demand 
for transport fuels, especially gasoline and diesel, as incomes have grown 
across the APEC region, especially in rapidly growing developing econo-
mies. This will place growing pressure on oil producers to increase output, 
and on national governments to ensure domestic supplies.

The increase in demand leads to the second factor, that production of the 
oil ‘in most demand’ (light, low sulfur oil) may have peaked and that down-
stream facilities lack sufficient capacity to refine enough heavy, high sulfur 
oil to meet global demand in the near short term. This is reflected in the 
growing price differential between ‘sweet’ and ‘sour’ crude oils on world 
markets. Until new refineries are built, current capacity is expanded or cur-
rently unsuitable facilities are converted to process high sulfur oils, it is 
likely that this will remain an issue.

The third factor is that the type of oil demanded, particularly in developed 
economy oil markets, has changed largely in response to environmental 
regulations, both up and downstream. More stringent regulations on refin-
eries run the risk of rendering even legally permissible development plans 
prohibitively expensive. The tightening of standards that determine the 
allowable sulfur content in petrol and diesel fuels has been a major factor in 
shifting demand for oil toward low sulfur, light oils, particularly in devel-
oped economies.

Environmental regulations, however, are not the only barriers faced by 
would be investors in the oil industry. The fourth factor contributing to high 
oil prices is investment barriers. These can include restrictions on foreign 
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(and domestic) ownership, performance requirements, long lead times, and 
volatile prices. As a result, levels of investment have not increased suffi-
ciently to ensure that supply meets global demand.

Fifth, world oil spare production capacity has declined to its lowest levels 
since the early 1990s. This has been brought about by both the increasing 
demand for oil and by the low levels of investment in the oil industry since 
the mid-1980s. Historically, low levels of spare production capacity have 
been associated with high oil prices, and high levels of price volatility.

This has been highlighted by the recent disruptions to oil production and 
processing facilities in Mexico and the United States by Hurricanes Dennis, 
Emily and Katrina. In addition to the release of some crude oil from emer-
gency reserves by the IEA, federal clean air standards were relaxed by the 
US Environmental Protection Agency in attempt to increase the fuel supply 
in the United States and reduce the magnitude of oil price increases (Bailey, 
Mollard et al. 2005).

Finally, geopolitical and economic tensions in many of the main oil pro-
ducing regions has raised serious questions about the security of current 
oil supply chains, as well as exacerbating pressure on demand and spare 
production capacity. It has led economies that rely heavily on oil imports, 
as well as major oil consuming economies, to seek to establish more diverse 
networks of oil supply, processing and transport.

Higher oil prices to undermine APEC economic growth
Oil is a vital input to economies in APEC. Sustained higher oil prices have 
the potential to cause sizable adverse impacts on many economies, depend-
ing on the size and duration of the price increases, the flexibility of domes-
tic energy markets to substitute different fuels and technology, and the oil 
import dependence of the domestic economy. Based on the economic mod-
eling undertaken, the key impacts of higher sustained oil prices include a 
reduction in economic output and deterioration in the terms of trade for 
most APEC economies.

The effect of sustained high oil prices on economic growth in APEC econo-
mies is largely influenced by factors such as the oil intensity and oil import 
dependence of individual economies, and the interplay between the income 
transfer and output effects associated with the oil price increases. The oil 
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importing developing economies in the region would generally suffer the 
most, as some of these economies are more oil intensive and less able to 
cope with the financial burden brought about by higher oil import costs. 
These adverse impacts will be accompanied by a deterioration in the terms 
of trade in these economies.

Depending on the extent of labor market rigidities and the degree to which 
producers pass on the cost increases associated with high oil prices to con-
sumers, real wages are estimated to fall, particularly in developing, oil 
importing economies in the APEC region. In practice, in sectors where the 
skills of the labor force are not easily transferable, the emergence of some 
unemployment can be expected as a result of sustained high oil prices.

In those APEC economies where oil intensity is low, such as some of the 
developed economies, the adverse impact of an increase in oil prices on 
GNP is estimated to be more modest.

Oil exporting economies are estimated to receive windfall revenues as a 
result of the sustained oil price increase, and hence are estimated to experi-
ence an increase in GNP.

The adverse impacts of high oil prices in APEC tend to be concentrated in 
industries that depend heavily on petroleum inputs. These include the trans-
port industry and the chemicals, rubber and plastics sector. These adverse 
sectoral impacts are most pronounced in the developing economies of the 
APEC region that are oil importers.

It is important to recognise that the recent increases in oil prices have been 
accompanied by increases in the price of other energy commodities, such 
as gas and coal. Economic modeling undertaken in this study also illustrates 
that in many APEC economies the projected reduction in economic output 
is likely to be relatively greater under a sustained increase in overall energy 
prices than under a sustained increase in oil prices alone.

Emerging technologies could slow the growth in transport 
fuel demand
The transport sector accounts for the largest share of oil consumption in 
many APEC economies. Hence the improvement in fuel efficiency on the 
consumption side, involving emerging technologies as well as those already 
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available, can play a crucial role in slowing the level of growth of oil con-
sumed in many APEC economies. This is particularly relevant in APEC 
economies where demand for transport fuels is triggered by continuing 
income increases in the medium to long term.

There is a range of fuel efficient transport vehicle technologies currently 
available, including hybrid vehicles and fuel cell vehicles. Although some 
of these technologies are only just entering into the commercial market, 
their cost effectiveness, economic viability and market penetration are 
likely to continue to improve in coming years.

Illustrative quantitative analysis undertaken in this report involving the 
adoption of emerging transport technologies, shows that sizable fuel cost 
savings and major energy security benefits could be achieved in the medium 
to long term by actively encouraging the use of more efficient fuel technol-
ogies, for example, fuel efficient hybrid vehicles and diversified energy use 
in the transport sector. It is estimated in this report that APECwide adoption 
of fuel efficient hybrid vehicles can potentially lead to fuel consumption in 
the transport sector growing by 16 per cent between 2006 and 2015, com-
pared with 25 per cent over the same period without the adoption of such 
technologies. This finding highlights that there may be an important role 
for government in facilitating research into and also the adoption of energy 
transport technologies such as hybrid vehicles.

Potential role of technological progress on the supply side
A range of technologies is currently available that have the potential to pro-
duce liquid fuels from alternative sources, not requiring crude oil. Uncon-
ventional reserves such as tar sands, gas-to-liquids and coal-to-liquids are 
used by some of these technologies.

In this report, the case of coal-to-liquids was briefly explored in terms of the 
role that alternative technology could play in order to increase and diver-
sify liquid fuel supply in the future. A key attraction of coal-to-liquids in 
the APEC region is the sizable coal deposits in a number of economies, 
including the United States, China, Australia, Canada and Indonesia. Eco-
nomically viable development and commercialisation of coal-to-liquids 
technology in the APEC region has the potential to effectively enhance liq-
uid fuel supply and to lower the dependence on crude oil in the region. 
Active encouragement of the development and commercialisation of such  
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technologies is another policy response that APEC economies could con-
sider to reduce the oil dependence of the region.

Increasing need for the removal of investment barriers
Many APEC economies still have a range of investment barriers that limit 
their ability to respond to changes in energy markets, including high oil 
price increases. These barriers affect three main areas, including: the abil-
ity to increase oil production within APEC; the ability to substitute oil with 
other energy products and to develop and promote less oil intensive tech-
nologies; and the ability to develop alternative processes of producing liq-
uid fuels.

In this regard, the acceleration of efforts to remove the various investment 
barriers discussed in this report can be identified as another key policy 
response for consideration by APEC economies. This would facilitate timely 
investment in production, processing, distribution and storage capacity in 
the energy sector in general and could also encourage investment in more 
fuel efficient energy technologies that will reduce the overall energy inten-
sity of APEC economies.
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