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Abstract: As the world’s largest coal producer, China is now the world’s largest coal importer. As a
global coal-fired factory, China exports coal embodied in a “Made in China” form through global trade.
It is this phenomenon that is examined in this paper. The research results suggest that China’s net
embodied coal exports remained relatively stable before 2002, and then increased dramatically after
2002 especially during the period from 2002 to 2007. The percentage of net embodied coal exports in
total coal consumed by China remained at 30% on average for the 5 years following the global
economic crisis. The United States, Hong Kong, and Japan are the top three importers of China’s
embodied coal. The percentage of net embodied coal exports in total coal consumption is higher than
the percentage of net embodied oil exports for every year since 1997. China’s net exports of embodied
coal are a product of China’s chosen economic development path. China should make a trade-off
between reducing embodied coal exports and changing the current trade model, in a long-term reform
process.
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Coal production in China has experienced rapid expansion with an annual average growth
rate of 5.7% from 1.08 Gt in 1990 to 3.87 Gt by 2014. In addition to being a major coal producer,
China is also the world’s largest coal consumer. In 2014, coal consumption accounted for 66.0%
of China’s total energy consumed corresponding to 50.3% of the total global coal consumption [1].
In 2003, China was a large coal exporter on the global stage ranked second only to Australia.
However, this situation was reversed in 2009 when China became a net coal importer for the first
time, with China now already the largest global coal importer, and China is expected to import
more coal in the future according to recent studies. Lin et al. [2] used a logistic model to indicate
that China will reach its coal production peak in the 2030s, importing 27% of its total
consumption requirements by 2020. Similar estimates are also made by Wang et al.[3] and Tao and
Li[4].
Chinese demand for coal is not only caused by domestic demand and consumption, but is
also driven by the rapid growth of its international trade due to its role as a “world factory” over
the last decade. Energy is used directly and indirectly in all goods, including export goods, and is
often described as the embodied energy of a product[5-6]. Energy embodied in China's foreign trade
has been widely studied in recent years, and mainstream research shows that China is a net
exporter of embodied energy – as highlighted by Chen et al[7], and Pan et al[8]. Although embodied
coal is not a new concept, it is still important to examine China’s embodied coal exports and
imports. The current research on embodied energy tends to follow the same assumption that the
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amount of energy in different types of fuels, such as oil, gas and coal are combined according to
their calorific value. However, this summation of all energy types removes the ability to trace the
flows and impacts associated with individual fuels – which in turn each have different origins,
emissions and implications for interconnected policy issues such as energy security,
environmental impact, and health and wellbeing. It can be argued that the specific characteristics
of China's energy consumption structure will be missed by the summing of all energy sources. For
example, coal dominates China's energy consumption and it accounts for about 50% of total
global coal consumption, however the energy consumption of China's main trade partners is
dominated by oil. Therefore, China exports more coal embodied in goods than it imports through
international trade when compared with other types of embodied energy. This study will focus on
calculation of the volume of China's embodied coal exports and imports, and their sectorial and
national distribution. The different characteristics between embodied coal and embodied oil will
also be investigated in this study.

1 Methodology and Data
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1.1

Methodology

Wiedmann (2009)[9], Wiedmann and Barrett[10]provide an in-depth review of the most recent
studies on embodied energy accounting, and the Input-Output approach is widely adopted to
calculate energy embodied in international trade. Tang et al[11]developed an Input-Output model
for calculating Chinese embodied oil imports/exports. By importing goods from other countries,
China can avoid a proportion of domestic oil consumption that would have been dedicated to the
manufacture of these goods. In theory, oil consumption coefficients of different imported
commodities from different countries should be calculated respectively. However, it is difficult to
obtain these consumption coefficients and the data limitations mean that measuring the embodied
oil differences in a unit of China's imported commodities is performed according to the ratio of the
world average oil consumption intensity to China's oil consumption intensity. This methodology
partially avoids the assumption that the same energy intensities exist between China’s imported
goods and domestic products that has been adopted in previous studies. For more details of this
methodology, refer to Tang et al[11]. A similar model can be used in this paper to calculate China’s
embodied coal imports/exports. The equations to calculate China’s embodied coal
exports ECE and embodied coal imports ECI are established as follows:
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Where, E coal is China’s coal consumption; Ycoal is the output of the coal sector in
China; Ycoal is in monetary units,
80

Ecoal
measures the coal content per unit of the coal sector’s
Ycoal

output. EX j is China’s exports in sector j ; IM j is China’s imports in sector j ; bkj is sector j ’s
complete consumption coefficient from coal sector (sector k ); QW is the average coal
consumption intensity in the world apart from China; QC is China’s coal consumption intensity.
However, the assumption of world average coal content for imports is an oversimplification
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in Formula (2). In this study, it is improved as follows:
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) is the adjustment factor to reflect the difference in
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coal consumption intensity among China and its main trade partners at the sector level, which
substitutes for

Qw
in Formula (2). V is China’s total imports from other countries; VR is
Qc

China’s total imports from country R ; VRL is China’s total imports from sector L in country
90

R ; Q RL-coal and

Q CL-caol are sector L’s coal consumption intensities in country R and

China respectively.
In this study, we choose China’s top 15 trade partners which accounted for 80.8%, 67.5% and
62.0% of total imports in 1997, 2002 and 2007 respectively[12].
Eq. (1) and (3) can be combined and revised further to calculate the net embodied coal exports
95

from China to country A ( NECE A ) as follows:
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Where, w j is the weight of sector j ’s output in China’s national output; bkj is sector j ’s
complete consumption coefficient from coal sector (sector k ); EX A is China’s exports to country

A ; IM A is China’s imports from country A ; IM AL is China’s total imports from sector L in
100

country A ; Q AL-coal and

Q CL-caol are sector L’s coal consumption intensities in country A

and China respectively.

1.2

105

110

Data

The National Bureau of Statistics of China has published five input-output tables, but only
1997, 2002, and 2007 input-output tables[13-15]are used for this study since the gross
imports/exports are presented separately in these tables. When China’s input-output tables are not
available (for example, 2009), embodied coal exports can be calculated using the adjustment
factors of coal consumption and foreign trade. A similar method was adopted by Tang et al[11,16].
China’s coal consumption data are obtained from the China Energy Statistical yearbook[1].China's
international trade data are taken from Chinese statistical yearbooks[12]. Inflation factors are
considered to adjust the data at a 2014 constant value.
K

The calculation of the adjustment factor

S

R 1 L 1

115
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) in formula (3)
V R Q CL

considers the data encompassing trade links between China and its top 15 trade partners at the
sector level, and furthermore the coal consumption of each sector in China and its main trade
partners will also be required. In this study, these data are from the World Input-Output Database
(WIOD), which includes World Input-Output Tables (Timmer et al.[17]), one of the global
multi-region input-output (MRIO) databases that documents trade flows between countries and
energy use data at the sectoral level from Environmental Accounts (Timmer et al[18]).
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2 Results
120

After calculating coal imports/exports embodied in international trade (see Table 1) it can be
seen that China's embodied coal exports clearly exceed coal imports in every year of the period
covered exposing China’s global position as a net embodied coal exporter. These net coal exports
embodied in China’s international trade remained relatively stable before 2002, and then increased
dramatically after 2002. This was especially evident during the period from 2002 to 2007 with an
annual average increase of 30.7 percent.

125
Table1. Chinese coal imports and exports embodied in international trade
Unit: Million tonnes oil equivalent
Embodied Coal Embodied Coal
Net Embodied
Year
Exports
Imports
Coal Exports
1997
228.2
21.6
206.6
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

130

135

192.5

21.4

171.1

183.9
211.1
206.2
239.5
336.8
470.6
583.0
717.2
826.7
882.2
698.3
870.8
982.3
945.6
931.5
912.5

24.9
35.4
38.1
46.3
59.3
72.2
74.7
81.3
90.0
100.8
77.6
105.7
123.4
119.9
124.9
119.9

159.0
175.7
168.1
193.2
277.5
398.4
508.3
636.0
736.7
781.5
620.7
765.0
858.9
825.7
806.5
792.6

In 2009, following the global economic crisis, there is an interruption in this trend, and
China’s net embodied coal exports return to an increasing trend subsequently from 2010 on. In
2014, China’s net embodied coal exports reached a volume of 792.6 Mt exceeding levels observed
before the global economic crisis.
Fig.1 demonstrates that net exports of embodied coal have increased more rapidly than coal
consumption since 2002. The average annual growth rate of China’s coal consumption was 7.7
percent during the period 2002-2014, while the rate of net exports of embodied coal was 12.5
percent over the same period. The percentage of net embodied coal exports in China’s coal
consumption was 29.9% on average for the last 5 years from 2010 to 2014 following the global
economic crisis, higher than the average level of 25.0% for the entire period covered.
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Fig.1 Percentage of net embodied coal exports in Chinese coal consumption
Table 2 shows the top 10 sectors in China exporting net embodied coal. The manufacture of
communication equipment, computers, and other electronic equipment is the single largest sector
exporting net embodied coal equating to 133.3 Mt and accounting for 18.1% of the total net
embodied coal exported. The top 3 sectors account for 38.5% of the total, and the top 10 sectors
account for nearly 80% of the total. It can also be seen from Table 2 that the top 10 net exporters
of embodied coal are dominated by manufacturing industries.
Table 2.

Top 10 sectors in China exporting net embodied coal in 2007

Rank

Sector

Net embodied coal
exports [Mt]

Percentage

1

Manufacture of communication equipment,
computers, and other electronic equipment

133.3

18.1%

2

Chemical industry

80.3

10.9%

3

Smelting and Processing of Metals

70.0

9.5%

4

Manufacture of electrical machinery and
equipment

61.9

8.4%

5

Manufacture of textiles

58.9

8.0%

6

Manufacture of general and special purpose
machinery

47.1

6.4%

7

Manufacture of metal products

39.0

5.3%

8

Manufacture of textile wearing apparel,
footwear, caps, leather, fur, feathers, and
related products

33.2

4.5%

9

Manufacture of non-metallic mineral
products

29.5

4.0%

10

Transportation

24.3

3.3%

150
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Table 3 shows the intensity of embodied coal exported by the top 10 sectors in 2007
alongside intensities of the imported embodied coal. It is clearly evident that the average intensity
of embodied coal exported is much higher than that of embodied coal imported.
155

160

Table 3.

Intensity of embodied coal exported by sectors in China in 2007
Unit: Tonne per 10000 Yuan

Rank

Sector

Intensity of embodied
coal exported

Intensity of embodied
coal imported

1

Production and Supply of Electric
Power and Heat Power

4.04

0.45

2

Manufacture of Non-metallic
Mineral Products

2.16

0.24

3

Processing of Petroleum

1.89

0.21

4

Smelting and Processing of Metals

1.56

0.17

5

Chemical industry

1.34

0.15

6

Mining and Processing of Metal
Ores

1.20

0.13

7

Manufacture of Metal Products

1.19

0.13

8

Construction

1.11

0.12

9

Manufacture of Electrical
Machinery and Equipment

1.01

0.11

10

Manufacture of General and Special
Purpose Machinery

0.99

0.11

Country-by-country distribution of China’s embodied coal exports are shown in Table 4. The
United States, Hong Kong, and Japan are the top three importers of China’s embodied coal and
account for 39% of the total. Furthermore, the top 15 countries together account for nearly 70% of
the total embodied coal exported by China.
Table 4. Country-by-country distribution of Chinese embodied coal exports in 2007

Rank

Country

Embodied coal imports
From China [Mt]

Percentage

1

United States

141.37

17.1%

2

Hong Kong, China

116.56

14.1%

3

Japan

64.48

7.8%

4

Rep. of Korea

36.37

4.4%

5

Germany

33.07

4.0%

6

Netherlands

25.63

3.1%

7

India

22.32

2.7%

8

United Kingdom

19.01

2.3%

9

Russia

16.53

2.0%
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10

Singapore

15.71

1.9%

11

Taiwan, China

14.88

1.8%

12

Australia

14.88

1.8%

13

Italy

14.88

1.8%

14

Brazil

14.05

1.7%

15

France

13.23

1.6%

Chinese imports of embodied coal from other countries can be calculated in a similar fashion
and if exports and imports are considered together, net embodied coal exports are shown in Fig.2.
If we take the UK as an example, although China’s net embodied coal exports to the UK only
accounted for 2.3% of China’s total embodied coal exports, China has been the UK's biggest net
embodied energy importer as indicated by Tang et.al[18]. The distribution analyses of China’s
embodied coal imports and exports described in this section are of benefit to China and allow
policy makers to better understand the embodied coal flows both at home and abroad.

Fig.2 Country-by-country distribution of China’s net embodied coal exports in 2007
175

3 Discussion
3.1

180

Comparison between China's embodied coal and embodied oil exports

Embodied coal and embodied oil flows will have different characteristics dependent upon the
mix of energy utilized in the trading countries and are compared in this section. The results of
Chinese embodied oil imports/exports were calculated using the same model for embodied coal in
this study. The results show that the percentage of embodied coal exports in coal consumption is a
little higher than the percentage of embodied oil exports in oil consumption, 28.9% and 21.4%
respectively (see Fig.3).
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Fig.3 Comparison between China's exports of embodied coal and embodied oil
However, the percentage of embodied coal imports in coal consumption is significantly lower
than the percentage of embodied oil imports in oil consumption, 3.8% and 21.6% respectively (see
Fig.4).

190
Fig.4 Comparison between China's imports of embodied coal and embodied oil

195

As for the national distribution of net embodied energy exports, the top 3 importers, the
United States, Hong Kong and Japan (see Fig.2), import 38.3% of China’s total net embodied coal
exports, although the ratio for embodied oil is much higher standing at 66.8%. A similar situation
exists for the top 5 and top 10 importers (Fig. 5).
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Fig.5 Importer distribution of China’s net embodied coal and embodied oil exports
200

205

The main reason for this is that percentage of oil consumption and coal consumption in total
energy consumption in China are 17.8% and 66.0% respectively in 2013, while the averages are
37.2% and 19.2% respectively for the rest of the world. Therefore, nearly all countries import
much more embodied coal from China than exports embodied coal to China, whilst the situation
for China’s embodied oil imports and exports appears to be more balanced. This point is verified
in Fig.4.

3.2

It necessitates long-term reform for China to reduce embodied coal exports

It can be argued that the large volume of net embodied coal exports from China reduces the
domestic energy and environmental cost of economic development for others countries. In recent
years, serious air pollution impacting on visibility has become an important issue of concern for
210

215

220

225

[19]

not only the government of China but also its people

. Chen and Xu

[20]

found that most air

pollution in China is as a result of coal combustion and that coal is the source of 70% of
particulate emissions and 90% of the SO2 emissions. In such a context, it is easy to understand the
motivation to expect embodied energy importers to cover some of, if not all of, the costs
associated with improving environmental conditions from China’s perspective[21]. However,
embodied coal imports and exports are normal economic phenomena - a consequence of
international trade - and are not unique to China. These large volumes of embodied energy exports
are not forced on China by other countries, but are a by-product of China’s own economic and
policy choices.
Since international exports have been a primary driver for China's economic growth over the
last decade, these large volumes of embodied coal exports have made tremendous contributions to
economic growth and employment stability. China should understand that it is not a simple
restructuring task to reduce embodied energy exports due to the size of China’s economy and
population base. China cannot bear the costs of the necessary trade-offs if it wishes to reduce
embodied energy export at a stroke, and imposing effective environmental levies will limit its
competitiveness in a global market. Countries inevitably face conflicting policy choices between
economic growth, consumption of natural resources, and environmental degradation when
-9-
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attempting to achieve rapid development goals[22-23]. China needs to explore the implied trade-offs
between reducing embodied coal exports and changing the current trade model and their impacts.

4 Conclusions and Policy Implications
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The net exports of embodied coal have increased faster than coal consumption in China since
2002. Although there was a significant interruption in embodied coal exports during the global
economic crisis, embodied coal exports were still at a high level and returned to a positive trend
from 2010. The percentage of net embodied coal exports of the total coal consumed by China
remains around 30% on average for the last 5 years from 2010 to 2014 following the global
economic crisis. If net embodied coal exports are excluded China remains a net coal exporter. The
United States, Hong Kong, and Japan are the top three importers of China’s embodied coal. The
percentage of net embodied coal exports in coal consumption is higher than the percentage of net
embodied oil exports in oil consumption every year since 1997, and country distribution
concentration of net embodied coal exports is much lower than that of net embodied oil exports.
China’s embodied coal exports are a natural economic phenomena, and it is an inevitable
result of China’s current development model. China should try to reduce the percentage of
embodied coal exports in total coal consumption by adjusting the policy of international trade and
energy consumption. Based on the conclusions above, policy suggestions are as follows:
(1) Coal-intensive manufactured products still occupy a large proportion of China's
international exports at present, and the top 10 net exporters of embodied coal are also dominated
by manufacturing sectors as shown in Table 2. Policy makers in China should not only promote a
more balanced approach to domestic industry mix and international export/import to avoid the
sedulous pursuit of trade surplus, but also gradually improve the product structure of foreign
exports. China should look to adjusting tax breaks for export products, and apply a strict limit on
the large volume of coal-intensive products exported at a relative low cost by raising tariffs. China
should engage in directing economic/energy/environment trade-offs aiming to reduce embodied
coal exports and change their current trade model.
(2) In 2013, the Chinese central government developed a national target for control of total
coal consumption in the 12th five-year plan[24]. Currently, China’s coal consumption control
targets are measured and managed from the perspective of direct coal consumption. The unseen
and embodied coal consumption are always be neglected, and therefore China should pay greater
attention to the large volumes of net embodied coal exports evaluated in this study. China should
also pay attention to those sectors with a relatively low direct coal consumption but high indirect
coal consumption. For example, the intensity of embodied coal exported in ‘Production and
Supply of Electric Power and Heat Power’ is 4.04 tonne per 10000 Yuan and ranks first as shown
in Table 3, and it is only 1.96 times higher than direct coal intensity. However, the intensity of
embodied coal in ‘Manufacture of Communication Equipment, Computers and Other Electronic
Equipment’ is 285.34 times higher than its direct coal intensity, whereas its direct coal intensity is
very low standing at only 0.12% of the intensity for ‘Production and Supply of Electric Power and
Heat Power’. Policy makers can manage the coal consumption comprehensively from a
perspective of embodied coal consumption, not just direct coal consumption and set coal saving
goals for each sector independently.
(3) China should move towards cleaner consumption of energy. The calculation results in
section 3.2.1 shows that the average percentage of net embodied coal exports in coal consumption
is higher than the same ratio for net embodied oil exports. It is mainly due to the differing mix in
energy form utilized among China and its trade partners. Embodied emissions from embodied coal
- 10 -
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are much higher than other types of embodied energy. China should enforce a strict policy to
change its coal-dominated energy structure gradually. Diversifying energy consumption is a viable
choice for China since embodied energy from cleaner sources is less environmentally harmful.
Developing nature gas and renewable energy sources should be a feasible option for China, a
country still in the urbanization stage. National development planning strategies and national
support policies for nature gas (including unconventional gas) and renewable energy are still
necessary at present since development will take quite some time along with significant
investments [25].
(4) There are more than 30 provinces in China, and the differences in development levels
amongst them are vast alongside embodied coal transfer at the provincial level within China. In
fact, the eastern provinces benefit substantially from the middle and western provinces in terms of
coal consumption, determined by each province’s position and degree of participation in domestic
supply chains. China should consider unseen embodied coal transfer among provinces and assign
coal reduction tasks to each province effectively and equitably, so that the coal reduction targets
can be achieved effectively throughout the country.
(5) Since coal will remain a major component of China’s energy consumption in the
foreseeable future, China should accelerate clean coal developments to utilize current coal
resources in an environmentally acceptable manner. Policies for the development of clean coal
technologies are in their early stages in China, and the lack of regulation and detailed
implementation requirements for clean coal need speedy resolution. China should revise related
laws and environmental policies such as developing stricter emission standards for those industries
consuming coal, imposition of penalties on emissions exceeding regulatory limits, development of
an emission trading scheme, and the collection of environmental taxes.
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中国对外贸易中的隐含煤炭进出口研究
唐旭1，本杰明·麦克莱伦2，王建良1，西蒙·斯诺登3，迈克尔·霍克4
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（1. 中国石油大学（北京）工商管理学院，北京 102249；
2. 京都大学能源科学研究院，京都 606-8501；
3. 利物浦大学管理学院，利物浦 L69 7ZH；
4. 乌普萨拉大学地球科学学院，乌普萨拉 SE-752 36）
摘要：作为世界最大的煤炭生产国，中国的煤炭进口量目前也位居世界第一。煤炭占据中国
一次能源消费的主导地位，与此同时，中国在“中国制造”产品国际贸易中也出口了大量的
隐含煤炭。本文研究结果表明：2002 年前，中国的隐含煤炭净出口一直保持相对稳定的趋
势；2002 年后，尤其是在 2002-2007 年间，隐含煤炭净出口量大幅增加。全球金融危机后
的五年中，中国隐含煤炭的净出口占煤炭消费总量的 30%左右，其中美国，香港和日本是
进口中国隐含煤的前三位国家和地区。1997 年以来，中国隐含煤净出口占煤炭消费总量的
比重每年都高于隐含石油占石油消费总量的比重。隐含煤炭出口是中国经济发展途径的自然
产物，中国应该在长期改革的视角下决策隐含煤炭出口和贸易模式改变之间的利弊权衡。
关键词：能源经济管理；煤炭消费；煤炭出口；隐含煤炭
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