


Figure 4.12 	Oil, gas and coal prices, 1970 to 2008
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Source: Table compiled by the Centre for International Economics based on IMF IFS Statistics, OECD Main 
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Continued high fossil energy prices, if across the board, will cause 
reductions in energy consumption and a substitution towards non-fossil-fuel 
energy sources. These effects by themselves would dampen growth in carbon 
dioxide emissions. However, substitution away from oil and gas towards coal 
and synthetic liquid hydro-carbons (derived from coal, tar sands or natural gas) 
will increase growth in emissions. Making liquid fuels from coal can be cheaper 
than petroleum at oil prices reached in 2008, and for many countries is attractive 
because it represents a more secure supply. In the medium term, coal prices are 
expected to fall as supply capacity is increased in response to excess demand. 
This in turn will reduce incentives to shift into renewable energy sources and 
nuclear power, and to reduce energy use. The share of high-carbon fuels in the 
energy mix, and with it the carbon intensity of energy, will not necessarily fall as 
a result of high oil prices. 

Recent data suggests that the increase in oil prices is not resulting in 
lower global emissions (Figure 4.13). Since 2005, growth in global oil use has 
slowed to around 1 per cent per year, but total energy use has grown by almost 
3 per cent annually. Gas use has grown roughly in line with total energy use, 
while coal consumption has grown at 5  per  cent, and other energy sources 
(principally renewables and nuclear) have grown at only around 2 per cent (BP 
2008). Energy-related carbon dioxide emissions have grown slightly faster than 
total energy use. There is strong momentum in growth of liquid fuel production 
from Canadian tar sands. Looking ahead, investment in coal-fired electricity 
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generation remains strong, particularly in Asia but also other parts of the world. 
China is investing in coal-to-liquid plants and is expected to start operating the 
largest such facility outside South Africa later in 2008 (Nakanishi & Shuping 
2008). Coal liquefaction is also being considered in the United States.

It is also instructive to examine the oil price shocks in the 1970s and 
especially the 1980s (Figure 4.12). In both episodes coal prices rose later than 
oil prices, and fell back to or below earlier prices more quickly than oil prices. In 
both cases, the drop in global oil consumption was more pronounced than that 
for other fuels (Figure 4.13). Electricity generation from renewables and nuclear 
power in particular grew in the aftermath of the oil price shocks, but by less than 
energy from coal in absolute terms. The carbon intensity of global energy supply 
fell markedly in the first half of the 1980s, then stagnated. It fell in the 1990s 
primarily because of restructuring in the former Soviet Union, and in this century 
has been on the rise again. 

Figure 4.13 	Global energy use and CO2 emissions, 1970 to 2007
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Sources: Energy use from BP (2008); CO2 emissions from IEA (2007b) and Carbon Dioxide Information and 
Analysis Centre (2008).

The upshot is that high petroleum prices do not necessarily mean lower 
greenhouse gas emissions, and may actually lead to higher emissions. On 
the one hand, high prices will accelerate improvements in energy efficiency 
and promote non-fossil-fuel energy. On the other, high oil prices will increase 
demand for coal. Coal prices will remain high only if investment in new capacity 
cannot keep up with growth in demand. If this eventuates, it will make renewable 
energy more attractive at the margin, but only in a context of rapid growth in 
demand for coal. Although it is impossible to know which influence will dominate, 
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recent experience suggests that high petroleum prices are as consistent with 
an acceleration as with a deceleration of emissions growth. 

4.7	 Resource limits 

By 2100, under reference case projections, global output will be 17 times its 
current level. Australia’s real per capita income would be US$137 000, compared 
to US$36 000 in 2005. 

By 2100, today’s developing countries would achieve higher levels of per 
capita expenditure than today’s rich countries. India, which only has 5 per cent 
of Australia’s per capita income today, has in the reference case in 2100 a 
per capita income 2.3 times Australia’s current level. Does the world have the 
resources to support consumption based on today’s preferences at these levels 
of income? 

Concerns about natural resource limits to growth were raised by the Club 
of Rome and others in the period of high resource prices associated with the 
latter stages of Japanese industrialisation and rapid growth in the early 1970s 
(Club of Rome 1972). This group included eminent Japanese economist Saburo 
Okita, who had been Director of Japan’s Economic Planning Agency at the high 
tide of rapid Japanese post-war growth. In that capacity he had been author 
of the Ikeda administration’s income-doubling plan of 1960. The Club of Rome 
was not from the fringe of modern development policy. Similar pessimistic 
expectations about the availability of natural resources to support rising human 
living standards had been raised by eminent economists from time to time in the 
first century of modern economic development (Malthus 1798; Jevons 1865). 

These prophesies failed spectacularly, mainly through underestimation 
of human ingenuity and of the capacity for markets to support far-reaching 
structural change. The failures immunised the economics profession against 
acknowledgment of the possibility of resource supplies being a fundamentally 
important constraint on growth. But the possibility at least that natural resource 
constraints might force fundamental changes in consumption patterns has been 
seeping into the professional consciousness, as real commodity prices across 
a wide front have now been sustained at exceptionally high levels for longer 
than ever before. High commodity prices across the board, despite the US 
economy teetering on the edge of recession, are concentrating many minds. 
The prospects of much higher levels of income for high proportions of the 
world’s people later in the 20th century focuses minds even more keenly. Will 
resource constraints prevent total global output from increasing by 17  times 
from the levels of the early 21st century that are already stretching supplies of 
many natural resource–based commodities?
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There are many potential limits that could conceivably constrain output, 
from fuel to food to water. Pressures on global agricultural resources could 
be particularly problematic, especially if climate change diminishes productivity, 
and could seriously undermine political stability in some developing countries.

Could limits on minerals and fossil fuels could also constrain growth? 
Table 4.3 looks at the number of years that reserves and the known reserve 
base can sustain production at current and at assumed 2050 levels for several 
important mineral resources and fossil fuels. By 2050, global output is projected 
in the reference case to be almost five times its current level. For this illustrative 
exercise, it is assumed that the production of metals and minerals is at three 
times current levels in 2050. Predicted production of oil and coal in 2050 is based 
on US Energy Information Administration projections. These rates of production 
are compared to estimates of reserves and the reserve base. Reserves are 
that portion of the reserve base which can be economically extracted. For fossil 
fuels, the reserve base is the total global ‘ultimately recoverable’ resource base, 
including an estimate of undiscovered resources. For metals and minerals, the 
reserve base is that portion of the global resource which has been identified, 
whether or not it is economic. (For the precise definitions used, see the notes 
to Table 4.3.)

Current reserves for several metals will not last long, especially at 2050 
levels of production. High prices will push more of the reserve base into 
reserves. The current reserve base will support current production levels for all 
the minerals reported for at least 30 years, but will support production at 2050 
levels for 20 years or less. This suggests that shortages of minerals and metals, 
if they arise, will not do so until towards or after the middle of the century. 
Whether they do arise then depends on the gap between the reserve base 
and the total resource base. This can be large. For example, the US Geological 
Survey estimates the global reserve base for copper to be 940 million tons, but 
world resources (including deep-sea nodules) to be 3.7 billion tons. Note that 
any tendency towards exhaustion of reserves would raise prices, which would 
convert resources into reserves. It would also stimulate exploration, leading to 
expansion of reserves and the reserve base.

In relation to fossil fuels, Table 4.3 suggests that conventional oil reserves 
may well come under pressure over the next several decades, but that 
there are ample supplies of coal. Some argue that conventional oil reserves 
are exaggerated (Campbell & Laherrère 1998). But unconventional sources, 
including oil sands in Canada, extra-heavy oil in Venezuela and shale oil in the 
United States, Australia and several other countries, which are not included in 
the table below, are thought to amount to at least 1 trillion barrels, or almost 
50 per cent of ultimately recoverable conventional oil resources (IEA 2006).
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Table 4.3 	 Time to exhaustion of current estimates of reserves and reserve 
base for various metals and minerals, and fossil fuels

Number of years after which exhaustion  
will be reached of

Reserves Reserve base

At the production rates of

2007 2050 2007 2050

Metals and minerals

Nickel 40 13 90 30

Zinc 17 6 46 15

Copper 31 10 60 20

Bauxite 132 44 168 56

Platinum group metals 154 51 173 58

Lead 22 7 48 16

Tin 20 7 37 12

Tungsten 32 11 70 23

Iron ore 79 26 179 60

Fossil fuels

Coal 139 66

Gas 60 32 110 58

Oil 40 23 70 40

Note: For metals and minerals, current production, reserves and reserve base are the latest estimates from 
the US Geological Survey (http://minerals.usgs.gov/minerals/pubs/commodity). Reserves are defined by 
the US Geological Survey to be ‘that part of the reserve base which could be economically extracted or 
produced at the time of determination’. The reserve base is ‘resources whose location, grade, quality, and 
quantity are known or estimated from specific geologic evidence’. Production rates for 2050 are simply 
assumed to be three times current levels.
Fossil fuel figures are the latest estimates from the US Energy Information Administration and the International 
Energy Agency. Coal includes both black and brown coal. Fossil fuel reserves are recoverable reserves: those 
quantities which geological and engineering information indicates with reasonable certainty can be extracted 
in the future under existing economic and operating conditions.’ (US EIA 2007: Table 8, Chapter 5). The 
reserve base for fossil fuels is the global resource base: all ‘ultimately recoverable resources,’ including an 
estimate of ‘undiscovered conventional resources that are expected to be economically recoverable.’ (IEA 
2006: 91). The reserve base for coal is not provided.
Source: Table compiled by the Centre for International Economics.
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This analysis suggests that mineral and fossil-fuel shortages will not be a 
constraint on growth in the first half of this century. By that time, if the world 
were still on a business-as-usual path, the environmental damage would have 
already been done, as dangerous levels of temperature increase would already 
have been locked in, if not already realised (Chapter 5). Shortages of minerals 
and fossil fuels will not solve the world’s emissions problems.

The recent and projected continued rapid growth in emissions has major 
implications for the global approach to climate change mitigation. As explored 
in Chapter 11, earlier and more ambitious action than previously thought will 
be required by all major emitters if the world is to limit climate change risks to 
acceptable levels.

Notes
1	 This section draws on Garnaut et al. (forthcoming). See also Raupach et al. (2007).

2	 The US Energy Information Administration (1998) reports that on average oil emits 40 per cent 
more carbon dioxide than gas, and coal 27 per cent more than oil per unit of energy input.

3	 In 2006, China’s coal consumption grew by 11.9 per cent and in 2007, according to preliminary 
estimates, by 7.8 per cent (see National Bureau of Statistics of China 2007a, 2007b). 

4	 See annual US Energy Information Administration International Energy Outlooks. See 
IMF (2008) and Sheehan et al. (forthcoming) for two recent projections with more rapid rates 
of emissions growth. 

5	 The modelling results, including the reference case, will be described in detail in the Review’s 
supplementary draft report. Other models are also used, including the MMRF-GREEN 
model for domestic analysis for Australia and the G-Cubed model for additional international 
analysis. 
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