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a b s t r a c t

More than 20 countries in the world have already reached a maximum capacity in their coal production

(peak coal production) such as Japan, the United Kingdom and Germany. China, home to the third

largest coal reserves in the world, is the world’s largest coal producer and consumer, making it part of

the Big Six. At present, however, China’s coal production has not yet reached its peak. In this article,

logistic curves and gaussian curves are used to predict China’s coal peak and the results show that it will

be between the late 2020s and the early 2030s. Based on the predictions of coal production and

consumption, China’s net coal import could be estimated for coming years. This article also analyzes the

impact of China’s net coal import on the international coal market, especially the Asian market, and on

China’s economic development and energy security.

& 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Coal has been considered as an affluent non-renewable res-
ource in the world, and this is especially so in China. Just as the
first oil crisis sparked many discussions on peak oil, so too have
recent surges in coal demand sparked discussions on ‘peak coal’,
attracting much public attention.

Hubbert (1956) predicted that US petroleum production would
peak between the late 1960s and the early 1970s and decline
thereafter. Although Hubbert (1956) did not provide a precise
formula, he proposed that fossil fuel production in a given region,
and over time, would follow a roughly bell-shaped curve. Later,
Hubbert (1959) first started using logistic curves to simulate
historical data and in Hubbert (1974), he further developed his
methodology.

The prediction method based on fitting a bell-shaped curve to
historical production and to the ultimate recoverable reserves
(URR) remains one of the most common approaches in predicting
future production of exhaustible natural resources. However,
although Hubbert’s theory states that oil production in a given
region follows a roughly bell-shaped curve over time, the actual
production curves are not always bell-shaped. Brandt (2007)
showed that some regions under research were better-described
by linear and exponential models. Furthermore, when asymmetry
was allowed in oil production curves, the asymmetrical exponen-
tial model became the most effective model. Also Bardi (2005)
ll rights reserved.

r Fund and National Natural
indicated that the after-peak downward sloping region of global
oil production might turn out to be steeper than the upward
sloping region, implying asymmetry.

As Hubbert predicted, a great number of countries’ oil produc-
tions have reached their peaks, and so has the production of gas.
Coal, the main alternative energy to oil and gas, has consequently
become increasingly important, and as a non-renewable resource, it
will inevitably reach its peak at some point. There are many papers
that attempt to predict peak coal for the world and/or various
countries. Hubbert (1976) used a bell-shaped curve to global coal
production to predict future coal production and estimated that it
would peak at between 10 and 24 Gt/year in 2100–2200, depending
on the URR. Milici and Campbell (1997) showed, using a life-cycle
method, that Virginia’s coal production life had entered maturity,
and was in a post-peak production (depletion-driven decline) stage.
Milici (2000) applied decline rate models based on production
decline rates and the decline rate of the estimated potential reserve
to indicate that the Appalachian basin’s annual coal production
would be 200 million tons (Mt) or less by the middle of the next
century. Laherrere (2006) concluded that global coal would peak
around 2050 using a similar approach. The EWG (2007) found that
global coal production would peak around 2025 at 30% above the
present production in the best case, and that China would reach coal
production peak within the next 5–15 years (around 2015), given
that current data on China’s coal reserves are accurate (114.5 billion
tons). Kavalov and Peteves (2007) showed similar results. His article
suggested that the world’s proven reserves of coal were depleting
fast and coal production costs were increasing globally, due to the
need to develop new fields, increasingly difficult geological
conditions and additional infrastructure costs associated with the
exploitation of new fields. Höök and Aleklett (2009) also used
established analytical methods such as logistic curves to create
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Fig. 1. Trends for China’s coal production and consumption. Source: National Bureau of Statistics of China China Energy Statistical Yearbook.
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future outlooks for US coal production. Mohr and Evans (2009) used
a model that took into account supply and demand fundamentals,
and concluded that worldwide coal production would peak some-
where between 2010 and 2048 on a tonnage basis, and somewhere
between 2011 and 2047 on an energy basis when world coal in
terms of URR was estimated at between 700 and 1243 Gt. Tao and Li
(2007) used the generic STELLA model to simulate the Hubbert
peak. In Section 5 of this paper, there will be a comparison of the
results of this article and that of the STELLA model.

The existing research on peak coal has mainly used the
Hubbert methodology for prediction, and has mainly focused on
the US or on the world. There is little research conducted on China
with this regard. This article uses both logistic curve fits and
Gaussian curve fits to estimate future coal production. Based on
the estimated coal production, this article will estimate net coal
import of China and discuss its implications on the international
coal market, especially the Asian market, and on China’s economic
development.
2. Background

2.1. Reserves

It is well known that different international energy institutions
have different classifications and definitions of coal reserves. For
instance, the concept of proved reserves used by the International
Energy Agency (IEA) and British Petroleum (BP) is equivalent to
proved recoverable reserves defined by the World Energy Council
(WEC). According to the definition of the WEC, proved recoverable
reserves are the tonnage within the proved amount that can be
recovered in the future under present and expected local
economic conditions, with existing and available technologies. A
full discussion of coal resource and reserve terminologies of IEA,
WEC and BP can be found in EWG (2007). China’s proved coal
reserves, in almost all the international energy institutions
including IEA, WEC and BP, is 114.5 billion tons, which has been
unchanged since 1992. The Ministry of Land and Resources of
China stated this number was actually 188.6 billion tons by the
end of 2002 (www.ChinaCoal.org.cn). It is hard to tell why data of
IEA, WEC and BP have not been updated. One possible reason may
be that the Chinese government might have not submitted the
new figures to these international institutions as yet.

In the new Chinese Classification, resources are classified on the
basis of geological knowledge, project economics and the project
(feasibility) study status. The details of the new Chinese Classifica-
tion could be found in Bucci et al. (2006) and Stoker (2009). The
proved reserves defined by the solid mineral resources/reserves
classification (1999 version) are calculated from ensured coal
reserves, which equal proved mineral reserves (including industrial
and prospective reserves) minus extracted parts and underground
losses. This calculation shows the current condition of the coal
resources of a country multiplied by the mining coefficient. The
mining losses, recovery rate and other factors have been taken into
account in the calculation process, so the proved reserves of 188.6
billion tons could be used directly under present and expected local
economic conditions with existing and available technology.

2.2. Production

From 1999 to 2008, the average growth rate of coal production of
China was 11.37%, which was almost twice as much as that of 5.8%
from 1982 to 1996 (BP, 2008). In 2008, coal production in China rose
to 2716 million tons (40% of global coal production), driven by the
high coal prices and tight domestic supply and demand conditions
(Fig. 1). Coal production in China has been rising since 1981, and is
likely to continue rising, due to increasing demand.

2.3. Consumption

Fig. 1 shows that coal consumption in China had experienced a
rapid and continuous increase with an annual average increase rate
of 5.08% from 1980 to 1996. In 2007, the volume of China’s coal
consumption amounted to 2580 Mt and accounted for 41% of the
global coal consumption (2.28 times that of America, and 6.30
times of that of India). Almost 94.83% of coal of China was
consumed in the industrial sector in 2007, and about 50% was
consumed in the electricity sector alone (China Energy Statistical
Yearbook, 2008). Coal has played a crucial role in China’s economic
growth. More than 80% of China’s power was generated by coal and
55% of China’s freight railway transportation was used in energy
transportation, in which coal transportation took 49% and oil
transportation covered only 6% in 2007 (Lin, 2009).

To predict future coal consumption, the demand of China’s
primary energy and the structure of primary energy will need to
be forecasted. We use the available results from China Center for
Energy Economics Research (CCEER). The demand of China’s
primary energy is predicted using a co-integration model, while
the structure of primary energy is forecasted using a stochastic
process model (Markov probability analysis).

The co-integration model of the demand for primary energy is
as follows:

Log Q ¼ cþb1 Log Yþb2 Log Mþb3 Log Cþb4 Log EFþb5P ð1Þ

where Q is the consumption of the primary energy of China, Y

the GDP and M the percentage of value-added of heavy industry to
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GDP. It is an indicator of industrial structure. C is the percentage of
the urban population to the China’s total population. It stands for
urbanization level; EF is the result of value-added of industry
divided by energy consumption of industry, representing energy
efficiency; P is the coal price index.

From the working paper Lin et al. (2008) at CCEER, the results
are as follows:

Log Q ¼ 0:009 trendþ0:738 Log Yþ0:469 Log Mþ0:769 Log C

�0:976 Log EFþ0:008P ð2Þ

To forecast the consumption of China’s primary energy, we have
to make some assumptions for the abovementioned variables.

The growth rate of GDP: According to Huang and Yang (2006),
China would keep developing at a rapid growth rate, and the
average growth rate would be about 8% in the next 5 years, 7–8%
in the 5 years from 2010 to 2015, and 6–7% in the 5 years from
2016 to 2020. As China’s economy expanded by 6.1% year on year
in the first quarter in 2009, against the background of the global
financial crisis, some economists believe that the month of March
2009 has been a turning point with retail sales and industrial
output both improving markedly. This indicates to some extent
that China may be stepping out of the current economic slump,
and the assumption of average GDP growth rate of 8% is therefore
reasonable and our assumptions of GDP growth rates are made
accordingly, as shown in Table 1.
Table 1
Assumption of Chinese economic development growth rates.

Year High (%) Mid (%) Low (%)

2007–2010 10 9 8

2011–2015 9 8 7

2015–2020 8 7 6

2021–2030 7 6 5

Table 2
Forecasts of Chinese coal demand based on assumption in Table 1.

Year Coal demand (�102 Mt)

Low Mid High

2010 29.40 30.10 31.00

2015 34.70 37.00 39.40

2020 40.10 44.30 48.90

2025 43.50 49.90 57.00

2030 48.40 57.50 68.00

China's export and
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Fig. 2. Trends of coal export and import. Source: General Adm
M, the percentage of the value-added of industry to GDP would
be 51.5%, 50%, 48% and 45% in years 2010, 2020, 2030 and 2040,
respectively (China Macro Economic Information Network, 2001);
C, according to forecasts made by the State Statistical Bureau, the
urbanization level of China would be 48%, 60%, 65% and 70%,
respectively, in the years 2010, 2020, 2030 and 2040, and these
forecasts will be used in the model directly; EF, based on historical
data, we could make assumptions that the EF increases by 3%
annually from 2007 to 2010, 2.5% from 2011 to 2015, 2% from 2016
to 2020 and then decline by 0.5% every 10 years following 2020; P,
influenced by various factors including economics, politics and
climate, the coal price is controlled by the government in China.
Therefore we choose not to take it into account in our forecast.

Applying these assumptions to the model, the demand of
primary energy is forecasted in Eq. (2), and the structure of primary
energy can be predicted by a stochastic process model using
Markov probability analysis. Finally, we can calculate the demand
for coal by multiplying the demand of the primary energy by the
share of coal in the structure of primary energy as shown in Table 2.
2.4. Export and import

Fig. 2 shows that the exports and imports of China’s coal have
fluctuated substantially from 1995 to 2008 (State Bureau Statistics;
General Administration of Customs of People’s Republic of China).
From 1995 to 2003, China had taken favorable measures to boost
coal exports and in 2001 the volume reached 90 Mt which increased
64% over the previous year. However, because of the tight supply
and demand of domestic coal, the export amount decreased
significantly after 2004. Coal imports to China remained nearly
static at a few million tons until 2001, and then rose sharply since.

Factors that influence the trend of coal exports and imports
mainly include the following: the soaring growth of coal demand,
policy changes in coal trade, and a gap between domestic and
overseas coal prices as stated in Sagawa and Koizumi (2008).

From 2003 on, there was a trend of decreasing volumes of coal
exports and increasing coal volumes of coal imports, as shown in
Fig. 2. The Chinese government has taken several effective measures
to discourage coal exports, such as gradually abolishing the value-
added tax refund for coal exports from 2004 and implementing a
‘Coal Export Allotment Control Law’ in July 2004 (www.China.
com.cn). Also, an export tax of 5% was levied on coking coal from
November 1, 2006, and import tax of coal was gradually abolished.

In conclusion, the volume of exported coal tends to decrease
further while the import volume would continue rising as a result
of the increasing domestic coal demand and the present policy
changes that favor this trend.
 import of coal [Mt]

2002 2003 2004 2005 2006 2007 2008

inistration of Customs of the People’s Republic of China.
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Fig. 3. The Coal peak in Shandong China. Source: National Bureau of Statistics of

China. The data after 2007 are estimated with logistic growth model.
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3. The concept of peak coal

Coal is a fossil fuel and a finite resource that would eventually
be exhausted, which also applies to oil and other non-renewable
resources. Peak coal is the point in time when the maximum coal
production is reached, after which the production will enter
irreversible decline. The contemporary concept of peak coal follows
from M. King Hubbert’s peak-oil theory, and was originally raised
by Jevnos (1865). The concept of peak coal is similar to the concept
of peak oil with the only difference being the amount of available
reserves and extraction methods. Some countries have already
passed their ‘peak coal’ stage, such as the United Kingdom, Japan
and Germany. The US, being the second largest coal producer, had
already passed peak production of high-quality coal in 1990 in the
Appalachia and the Illinois basin, and global coal production would
peak around 2025, at 30% above the present production in the best
case (EWG, 2007). In China, there are some provinces that have
passed the peak coal stage. To give an example, Fig. 3 shows that
the Shandong province in China reached its coal peak in 2003.
Fig. 4. The coal peak of China. Source: National Bureau of Statistics of China.
4. Methodology

4.1. Logistic growth model

Logistic growth curves are used to simulate the historical data
of coal production and predict coal production in the future.

Q ¼
URR

1þe�ðt�tmaxÞ=w

where Q is the cumulative coal production, URR the ultimate
recoverable resources, t the year, tmax the year of coal peak and w a
parameter that varies to least the residual sum of squares of fitted
values and observed values.

A disadvantage of using such a model is that it is estimated on
the assumption that economic factors, such as coal price, are non-
relevant in the long term. This model is a purely theoretical
production model that neglects the impact of economic cycles,
policy changes and other factors.

4.2. Gaussian model

Gaussian curves can also be used to simulate the historical
data of coal production and predict coal production in the future:

P¼ � dQ=dt¼ ½Q1=ðSð2pÞ1=2
Þ� exp½�ðtmax � tÞ2=ð2S2Þ�
where P is the annual coal production; Q is the available
reserves unexploited; QN is the cumulative coal production when
t-N, or, ultimate recoverable resources (URR):

W ¼ ½ð8 ln 2Þ0:5S� ¼ 2:355 . . . S

where S is a wideth coefficient commonly used:

The disadvantage of this model is the same as that of the
logistic growth model, in that it ignores economic factors.

The logistic curve has been widely used to model population
growth, and M. King Hubbert used it to model oil production. The
Gaussian curves share a similar theoretical basis and the Central
Limit Theorem states that the sum of a sufficiently large number
of independent random variables, each with finite mean and
variance, will be approximately normally distributed (Rice, 1995).
The huge number of mines and mining operations, making up a
global or national production, may be seen large enough a sample
to justify the use of these models. Bartlett (2000) used both
logistic curves and Gaussian curves to fit historical data on oil
production in the US and the world.

In both models, one of the most important variables is coal
reserve, which is denoted by the URR.
5. Coal peak of China

5.1. The estimated results

Fig. 4 shows the logistic curves and Gaussian curves according
to the models. The detailed results and the comparison with
the STELLA model of Tao and Li (2007) are listed in Table 3.
Using the logistic growth model, the coal peak of China is
estimated to be reached in 2025 and the peak production would
be 3.83 billion tons. However, using the Gaussian model the coal
peak year and peak production would be 2027 and 3.67 billion
tons, respectively. Compared with the STELLA model (Tao and Li,
2007), the results are very similar. As a conclusion, using the
aforementioned models, China’s coal peak would occur between
the late 2020s and the early 2030s. These results are also in
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Table 3
Detailed results and comparison with the STELLA model.

Model Unit Logistic curve Gaussian curve STELLA

Reserves �102 Mt 1886 1886 Scenario 1 Scenario 2 Scenario 3

tmax Year 2025 2027 2033 2029 2027

Pmax �102 Mt 38.30 36.65 33.39 37.84 42.29

Fig. 5. The error bars of the peak production and peak year as a result of URR

changes.

Table 4
Results of sensitivity analysis of changes in the URR.

Model Reserves 2086 1986 1886 1786 1686 1145

Logistic growth curve Peak production (�102 Mt) 41.31 39.85 38.30 37.08 36.35 30.46

Peak year 2027 2026 2025 2024 2023 2016

Gaussian growth curve Peak production (�102 Mt) 38.51 37.58 36.65 35.72 34.79 30.10

Peak year 2029 2028 2027 2026 2025 2017

B.-q. Lin, J.-h. Liu / Energy Policy 38 (2010) 512–519516
agreement with the EWG (2007), that is, China would reach coal
peak in 5–15 years.

The similarity across results is unsurprising. As a matter of fact,
almost all the models used by the previous researchers are
dependent on the sensitivity of the URR. This will be demon-
strated in Section 5.2.
5.2. The sensitivity analysis for the URR

For the URR, sensitivity analysis is necessary for two reasons.
First, different international institutions use different classifica-
tions and data for China’s reserves, and it is difficult to justify
which ones are more useful and/or reliable. Second, the most
important variable in both models is the URR. Thus, the sensitivity
analysis is applied to show how the results of the models will
change with the URR and this will demonstrate the reliability of
the results.

In Table 4, results show that the peak production would change
by 0.1 billion tons and the peak year would change by about 1 year
when the URR varies by 10 billion tons. Furthermore, all the
changes are in the same direction. Table 4 also presents the results
using 114.5 billion tons as the URR (the same used by
international energy institutions). Using the logistic growth
model, a peak year of 2016 and peak production of 3.05 billion
tons are estimated. Using the Gaussian model, these results
become 2017 and 3.01 billion tons for year and quantity,
respectively. In Fig. 5, we obtain the errors between the peak
production and peak year of changed reserves. Fig. 5 could help us
understand how the URR influences the peak production and peak
year directly and visually.
The above analysis indicated that China’s coal production will
continue to increase, arrive at a peak, and then decline, as the
general production pattern for non-renewable energy resources
that Hubbert predicted. The sensitivity analysis implies that,
although the results of this study, like all others, depend heavily
on the assumption of the URR, China’s coal production peak will
not change significantly with additional coal reserves. China’s
long-term energy reliance on coal will be unsustainable, unless
there are dramatic increases in coal reserves. Given the results in
Table 4 and the demand forecast, it is likely that China’s coal
import would increase substantially over time.
6. Trends of China’s net import of coal and the impact

6.1. The trends of China’s net import of coal

Since we have the predictions for coal consumption and
production, the net coal import can be calculated. The coal
consumption data come from Table 2 and the coal production data
from the logistic growth model in Section 5.

Whether the growth rate of coal demand is low, mid or high,
the volume of net coal imports will increase and the coal import
dependence will be high. By 2030, the coal import dependence
will be about 23% under the low growth situation and 45% in the
high growth situation.

Table 5 indicates that the amount of net coal import for China
would be 99 Mt in 2010, accounting for 10% of the global coal
exports in 2007 (909 Mt in 2007), nearly 50% of the total coal
exports of Australia, more than 50% of the total coal exports of
Indonesia, and three times of the total coal exports of Vietnam.

The conclusions coincide with the report of MIT (2007). MIT
estimated that half of the increment of global coal production and
global coal demand would come from China in the next 25 years.
Our results indicated that China’s coal import will be 1.9�102 Mt
in 2010, similar to 1.5�102–2.3�102 Mt forecasted by the Coal
Industry Association of China (www.chinagate.com.cn).
6.2. The impact of China becoming a net coal importer

The transformation of China from being a coal exporter to a
significant coal importer will be inevitable and will have a great
impact on the international coal markets, especially Asian
markets.

As shown in Table 6, by 2015, the volume of net coal imports to
China would account for 11–34% of the world coal trade and by
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2030 that would be 41–54%, as predicted. That means that about
50% of the total world coal would be traded with China. If this is
the case, a slight change in China’s coal market would have a great
impact on international coal markets, especially on international
coal prices.

China’s coal consumption is concentrated on electricity
generation, cokes production and industrial uses. The import
volume of anthracite coal, steaming coal and coking coal in 2007
was 28.41 million tons, 13.30 million tons and 6.22 million tons,
respectively (Beijing WEFore Investment Consulting Co. Ltd,
2008). If China keeps the structure of coal imports unchanged,
the import volume of the abovementioned three types of coal
would double in 2015. In 2004, the price of Chinese coking coal
has doubled compared to 2003 because there was a remarkable
decrease in export volumes. Undoubtedly, the doubling of import
volumes will have substantial impacts on China’s coal market, as
well as the international coal market.

China will likely become the largest coal importers in Asia and
will dominate the Asian coal market. Currently, China’s coal
market is relatively independent of the Australian coal market,
with coal prices mainly subject to domestic supply and demand.
However, if China increases its coal import as predicted, it will
dominate the Australian coal market and, via trade channels, have
greater impacts on other international coal markets.

Regarding its impact on Asian coal markets specifically, the
large increase in China’s coal exports in 2000 and 2001 had led to
an oversupply of coal in Asia and had resulted in a coal price
slump from 2002 to 2003.As China has gradually become a net
importer of coal in the region, price hikes (such as in 2007) have
reflected China’s impact on Asia coal market.

At present, China’s main coal exporters include Australia,
Vietnam, Indonesia, Mongolia, North Korea, Russia and Canada.
Amongst them, coal imports from Vietnam and Indonesia, which
are near the southern coastal areas of China, have been soaring. In
2007, the coal imported from Vietnam accounted for nearly 50% of
coal imports, and from Indonesia, about 28% (Beijing WEFore
Investment Consulting Co. Ltd, 2008). However, Vietnam has
enjoyed high GDP growth, with a growth rate of over 8% in 2008.
With increasing domestic coal demand, the Vietnamese govern-
ment has taken measures to reduce coal exports. This may have
impact on China’s coal import. For example, in January 2008, coal
Table 5
Forecast of China’s coal import (�102 Mt).

Year Coal demand Coal production Net coal import

Low Mid High Low Mid High

2010 29.4 30.1 31 29.17 0.29 0.99 1.89

2015 34.7 37.0 39.4 34.00 1.03 3.33 5.73

2020 40.1 44.3 48.9 37.67 3.14 7.34 11.94

2025 43.5 49.9 57.0 39.47 5.20 11.60 18.7

2030 48.4 57.5 68.0 39.01 11.00 20.10 30.6

Table 6
Amount of net coal imports and its proportion of World coal trade in 2015 and 2030.

Year World coal tradea (�102 Mt) Net coal import of Ch

Low Mid High Low M

2015 9.25 13.74 16.63 1.03 3

2030 27.04 43.14 57.12 11.00 20

a The data of world coal trade are obtained from adjusting the world coal trade of

import of this article.
exporters in Vietnam boosted coal’s price by 40% and Chinese coal
consumers, especially those in Guangdong and Guangxi provinces,
suffered a great deal. Indonesia also faces a similar problem of
increasing domestic coal demand and may reduce the amount of
coal exported to China as well. In Australia, import volumes are
restricted by limited port capacity, which will not change in the
short term. Although Mongolia might prove to be an alternative
source of coal imports, it is geographically far from the coal
consumption sites of China. As coal expert Jim Brock of Cambridge
Energy Research Associates pointed out, Mongolia is not likely to
be a major coal exporter to China in the next two decades
(Coal.IN-En.com). Compared to oil and gas, the cost of coal
transportation is much higher, and could account for up to 50% of
the total coal price.

Two State-Owned Enterprises, China Shenhua Energy Co. and
China State Grid Corp., who are the main implementers of coal
strategy in China, are actively trying to reduce the possible
insecurity surrounding the China’s future coal situation. China
Shenhua Energy Co. is actively looking for acquisition targets in
Asia while China State Grid Corp. actively promotes the construc-
tion of ultra-high voltage in order to import electricity directly
from neighboring countries (www.GOV.cn).

China’s coal resources are mainly located in the northern parts
of China, whereas the demand for coal is concentrated in the
southeastern coastal areas. It is therefore likely that future coal
trade will follow the current pattern, that is, exporting coal in the
north and importing coal in the south. It is also likely that the coal
import volume for the south will be much larger than the number
predicted for China as a whole. According to the results in Table 5,
in 2030 the China coal import dependence could be about 45%. If
one province, or even one company in southern China, has to rely
on imports for more than half of its coal consumption, its
vulnerability to international market fluctuations would be
significant, implying greater risks and substantially less energy
security. Taking important measures to reduce this vulnerability,
such as building sufficient railway capacity to help transport coal
from the north to the south, or investing more in power networks
to help transport electricity from the north to the south, is crucial.

The high coal import dependence threatens not only China’s
energy security but also that of the whole world. When China
found itself compelled to notably increase its consumption of
coking coal in 2004, the availability and prices of coking coal in
other areas of the world were significantly affected. A scenario
whereby China imports 1 billion tons of coal from abroad would
not only have tremendous upward pressures on coal prices but
also pose a difficult question vis-�a-vis the transport logistics of
such quantities.

Furthermore, with high coal import dependence, Chinese
authorities would likely have to increase interventions in the
domestic and international markets, like have been done with oil.
This could lead to an increase in other countries’ energy rivalry,
especially Asian countries like Japan and South Korea. If that
happens, China will face stressed political and economic relations,
and undoubtedly its energy security and even national security
ina (�102 Mt) Coal import’s proportion of world coal trade

id High Low (%) Mid (%) High (%)

.33 5.73 11 24 34

.10 30.60 41 47 54

Energy Information Administration’s IEO 2008 according to the prediction of coal
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may be challenged.
7. Conclusions and policy suggestions

If the Chinese economy and coal consumption continue to
expand the way they have, China’s coal imports would be
unavoidable. With a coal-dominated energy structure, it is clear
that China’s future economic growth would not be sustainable, in
light of coal supply and environmental capacity. Based on the
results of this article, we make the following policy suggestions:
(1)
 China should develop renewable energy to help reduce future
coal consumption. In addition to escalating emission pro-
blems, potential coal shortage could be also a significant
threat to China’s energy security. The Government should
introduce more incentives to promote renewable energy
development. There is a good prospective for renewable
energy development in China as technology costs of renew-
able energies have dropped dramatically in recent years.
Developing nuclear power could be an option to reduce coal
consumption and CO2 emissions in China. China has recently
made great efforts to encourage the development of nuclear
power. According to the long-term development plan of
nuclear power issued by the State Council, China’s nuclear
power capacity will increase from 8.7 GW (currently) to about
80 GW by 2020 (National Development and Reform Commis-
sion, 2007). However, it is unlikely that nuclear power will
significantly change the coal-dominated energy structure.
Even with 80 GW nuclear capacity, it will account only for
about 6% of China’s total power capacity in 2020.
(2)
 Energy conservation is a fundamental solution to China’s
energy problem and should be prioritized. The main policy
options to encourage energy conservation include the follow-
ing. First, removing energy subsidies that depress energy
prices could provide a significant incentive to investments for
energy efficiency improvement. Second, Chinese government
should try to solve energy efficiency problems via market
forces, rather than administrative measures. Because market
forces are much more effective than administrative measures
in improving energy efficiency. Finally, China should invest
more in promoting technologies for energy efficiency im-
provements. With government’s control on energy pricing,
efficiency improvements need to be assessed in light of
possible rebound effects, as in the Jevons paradox and
Khazzoom–Brookes postulate.
(3)
 In addition to strategic oil reserves, China should consider
establishing a strategic coal reserve to ensure energy supply
security. To avoid large reserve costs, the coal reserve could
simply be identified as deposits in the ground and in strategic
locations, as what has been done in other countries.
(4)
 China should try to find ways to improve awareness among
the people towards more effective energy consumption. The
energy and environmental problems are both results of
human behavior in energy consumption and the solutions
should also be rooted in improving human behavior. Seeking
energy-efficient technology, the mainstream path of choice in
China, is an insufficient means to achieving a sustainable
energy future, as consumption bundles must also be altered
accordingly.
(5)
 Taking into consideration the coal production peak forecasted
in this study, China will maintain a coal-dominated energy
structure for a long period of time. To address climate change
brought about by coal consumption, China will need to put
CO2 emission as constraint to its energy structure and
promote clean coal technology. There are many policy tools
available that can be used, such as preferential taxes and
subsidies for clean coal technology.
(6)
 Recently, domestic coal enterprises in China are increasing
their investments globally in coal exploration and production,
as what oil enterprises have been doing. It seems like a
double-edged sword, because if China encourages foreign
exploration and production the coal import dependence
would rise consequently while if China explores domestic
coal the coal depletion problem comes. Of two evils, the least
should be taken. It is a long-term strategic consideration for
China to reserve domestic coal. Although coal reserves in a
foreign country are less reliable than domestic reserves, it is,
however, more reliable than importing coal directly from
international markets, as China’s coal enterprises could have a
greater degree of control on volume and prices.
(7)
 Given the high transportation cost of coal, China should try
establishing closer ties with neighboring countries that
possess large coal resources such as Australia, Mongolia and
Russia. In addition to importing coal from these countries,
China should consider importing electricity, if feasible. This
could reduce the number of additional coal-fired power plants
in China.
In conclusion, at present few people in China are willing to
acknowledge China’s peak coal production and most of them
believe that China’s coal is inexhaustible. China’s peak coal issue
has not been taken seriously, even though in the past few years,
China has had to face a rapid rise in coal prices. The recent coal-
power confrontation in not signing long-term coal supply
contracts highlights the continuing conflicts between coal
enterprises and power plants, and serious coal pricing problems
in China. Overall, the current high coal consumption growth in
China is unsustainable, in terms of both coal resources and
increasing emissions.
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