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Abstract: Moving towards sustainable consumption in China must factor-in the drivers of
production. China’s domestic energy demand is affected not only by domestic demand, but
also by foreign trade. The accounting of energy embodied in China’s international trade has
attracted much attention in recent years. In fact, embodied energy imports/exports are a part of
the normal pattern of economic phenomena occurring through international trade, with
exports of embodied energy contributing significantly to China’s economic development. This
research suggest that China's net embodied energy exports remained relatively stable before
2002, and then increased dramatically from 73 MTOE in 2002 to 502 MTOE by 2007 with an
average annual growth rate of 47.2% over that period. The total employment creation reliant
on these exports is 191.3 million people including direct employment of 44.1 million people
and indirect employment of 147.2 million people in 2007, and the total employment creation
increased quickly between 2002 and 2007, with an average annual growth rate of 9.1%. The
share of employment created by exports in China’s total employment increased from 16.5% in
1997 to 18.6% in 2002, and a more dramatic increase can be observed in 2007 of 28.1%. The

exports-oriented sectors in China are energy-intensive from the perspective of embodied
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energy consumption, and the energy-intensive exports are located in the same sectors as the
labor-intensive exports. China will find it difficult to sustain the trade-off in costs due to
unemployment if it wishes to reduce embodied energy exports. China needs to exercise
patience and long-term reform to change the current development model because of its large
economy and population base.
Keywords: Energy Consumption; International Trade; Embodied Energy; Employment
Creation
1. Introduction

For over a decade China’s current economic development model has privileged
international exports as a primary driver for economic growth especially since accession to
the World Trade Organization in 2001. According to National Bureau of Statistics of China,
China’s international trade surplus reached 259.2 billion US$ in 2013, and yet it was only
22.6 billion US$ in 2001[1]. With the rapid development of international exports, energy
consumption in China has also witnessed a rapid increase, going from 1053 million tonnes of
oil equivalent (MTOE) in 2001 to 2632 MTOE in 2013[2]. Energy is used directly and
indirectly in all goods and services including export goods, and is often described as
embodied energy [3-5]. Therefore, a country’s domestic energy demand is affected not only
by domestic demand, but also by foreign trade as pointed-out by Atkinson and Hamilton[6].
As international trade has developed, researchers have studied the energy embodied in
international exports for a range of countries. Similar studies on embodied emissions (Su et al.
[7]; Xu and Erik [8]) and embodied pollution (Peter and Hertwich [9]; Alcantara and Padilla
[10]) have also brought increasing attention to traded goods/services beyond the value they
represent.

Current studies related to embodied energy, embodied emissions and other similar topics

can be divided primarily into two aspects: one is the accounting of embodied energy and
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embodied emissions; the other aspect is the responsibility for these embodied components
between producers and consumers across trade boundaries. Wiedmann[11], Wiedmann and
Barrett [12] provide an in-depth review of the most recent studies on accounting for embodied
energy and emissions. As China is the world's largest coal importer and second largest oil
importer, accounting for energy embodied in international trade has aroused much research
interest in recent years, and studies have shown that China is a net exporter in terms of
embodied energy and emissions [13-16]. Most of the current studies are based on different
kinds of input—output models, with the main methodological features described by Wiedmann
[11]. There is also much research interest in the sharing of responsibility for embodied energy
and emissions (Rodrigues et al. [17]; Lenzen et al. [18]; Andrew and Forgie [19]; Peters [20];
Rodrigues and Domingos [21]; Serrano and Dietzenbacher [22]). Kander et al. [23] propose
an improvement to consumption-based carbon accounting that takes technology differences in
export sectors into account, which will support a wider range of policy options, available to
consumers as well as producers, and also better align incentives with available policy options
at a national level. With regard to China, Guan et al. [24] have pointed out that China may be
more willing to play an active role in post-Kyoto climate commitments if the net embodied
emissions importers accept partial responsibility.

High energy prices will have negative impacts on China’s national economy, and the
Chinese government generally offers subsidies to mitigate this impact in order to achieve
social goals. Lin and Jiang [25] pointed out that China's energy subsidies amounted to CNY
356.73 billion in 2007, equivalent to 1.43% of GDP, and subsidies for consumption of oil
products are the largest. This amount will be even higher if environmental external costs are
considered (Jiang and Tan[26]). In China's energy consumption structure, coal accounted for
66.0 % of total energy consumption in 2013[2], in turn, corresponding to 50.3% of total

global coal consumption [27]. Since the emission factor of coal is much higher than for other
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types of energy, most air pollution in China results from coal combustion [28]. Therefore,
reducing embodied energy exports is potentially beneficial for China to save both external
costs and direct monetary expenditure for energy.

In fact, much embodied energy is exported as a result of China’s chosen economic
development model. China’s export-oriented development model has generated large amounts
of GDP and, critically for social considerations, job opportunities. Although the accounting
of China’s embodied energy export has attracted considerable attention in recent years, there
are few studies evaluating how China’s embodied energy exports affect the nation’s economic
development and employment. This study seeks to address this research gap on employment
as providing employment opportunities for the nation’s 1.4 billion people has been of central
concern to successive Chinese governments.

Although there is no direct link between embodied energy exports and employment
creation, they indeed have an indirect practical connection. If China wants to reduce the
volume of embodied energy exports, it should reduce the exports of energy-intensive products.
And if the energy-intensive exports are located in the same sectors as the labor-intensive
exports, the reduction of embodied energy exports will ultimately affect the employment in
China. Therefore, whether the growth of China's energy-intensive sectors, partially due to
exports, is responsible for many jobs, and how China could effectively make a trade-off
between employment creation and embodied energy exports will be the focus of this paper,
and what China could do in the best interests of sustainable development and future welfare
will also be discussed.

China’s export industries are currently crucial in the country’s economic and social
development, and the performance of the production-side domestically affects the
sustainability of global consumption. Conversely, global consumption’s impact has acute

implications for China’s domestic environment and employment rates. This can also have a
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significant differentiating effect between affluent job-centres in urban areas and the rural areas
that feed them - for example, China's international exports dropped dramatically during the
global financial crisis in 2009, and about 20 million migrant workers in coastal regions lost
their jobs directly and had to go back to their hometowns in rural regions (according to
Chinese government statistics [42]).
2. Methodology and data

This paper utilises Input-Output models to calculate embodied energy and its employment
creation. In current studies, different types of energy are firstly added together according to
their calorific value before the accounting of embodied energy imports and exports. However,
China's energy consumption structure is obviously different from its major trade partners. For
example, the percentage of oil consumption and coal consumption in China's total energy
consumption are 18.4% and 66.0% respectively in 2013[2], while the average ratios are
37.2% and 19.2% respectively for the world except China [27]. Under such conditions, nearly
all countries import much more embodied coal from China than their embodied coal exports
to China, and this situation is relatively balanced for China’s embodied oil imports and
exports. Therefore, if all kinds of energy are mixed together before embodied energy
accounting, the differences of coal and oil consumption intensity among China and its trade
partners will be missed. In this study, embodied energy is divided into embodied oil and
embodied coal, and the exports and imports of these are calculated separately. At the end,
embodied energy is measured as the sum of embodied oil and embodied coal expressed in the
same unit - tonnes of oil equivalent. Since coal and oil account for nearly 90% of China’s
total energy consumption, other forms of embodied energy aren't considered in this study.

Tang et al.[29] 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 dedicated to the manufacture of these goods. This methodology
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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.

The equations to calculate China’s embodied oil exports EEE_, and embodied oil imports

oil

EEI,, are established as follows:
E il n
EEE, =—°-> EX;xb; (1)
oil j=1
E. &
EEl, = 9" (IM, xby x 2) (2)
oil j=1 Qc
where, E_, is China’s oil consumption; Y, is the output of the oil sector in China;Y,, is

in monetary units, Ear measures the oil content per unit of the oil sector’s output. EX ; is

oil

China’s exports in sector j ; IM ; is China’s imports in sector j: b, is sector j ’s complete

consumption coefficient from oil sector (sector k); Qu is the average oil consumption

intensity in the world apart from China; Qc is China’s oil consumption intensity.

However, the assumption of a world average energy content for imports is an
oversimplification in formula (2). In this study, we chose China’s top 15 trade partners which
accounted for 80.8%, 67.5% and 62.0% of the total imports in 1997, 2002 and 2007
respectively [1], and the remaining smaller trade partners are aggregated as the "rest of the
world" in this study. Taking embodied oil as an example, the new model to calculate China’s

embodied oil imports EEI_;, is established as follows:

oil

E & K. S U V Qn .
EEl,, =—22) (IM xb,) (R x —RL  <RL-ally (3)
B VA e

n
Where, hZ(IMj xb,;) measures China’s oil imports embodied in international trade
oil j=1



145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

assuming that any imports produced elsewhere would require the same amount of oil to be

S
produced in Ching; ZZ(V—RxVixQRL*"“) is the adjustment factor to reflect the

R=1L=1 R CL—oil
difference in oil consumption intensity among China and its main trade partners at the sector

level; V is China’s total imports from other countries; V is China’s total imports from
country R; Vg is China’s total imports from sector L in country R ; Qg ; and Q. are

sector L’s oil consumption intensities in country R and China respectively.A similar model is
used in this paper to calculate embodied coal and embodied gas. For more explanation of this
methodology, refer to Annex |.

China's embodied energy exports support the growth of international trade and its
employment creation. This paper considers that the total employment opportunities provided
by international trade, where foreign demand is inducing local employment, may also be
considered as a part of the embodied energy exports’ contribution, as without the enabling
feedstock of energy, production cannot be undertaken. Although it is the trade itself which
induces both energy usage and employment, when considered together these data present a
useful comparative index for examining trade-offs and assessing strategies. In fact, sector i
consumes intermediate inputs from other sectors during the production process, and direct
employment opportunities are provided in this process. In a similar way, during the
production process of these intermediate inputs, indirect employment opportunities are
provided, and usually Leontief inverse matrix are adopted to measure the indirect employment

[30]. Therefore, the total employment creation of export in sector j , TE;, can be expressed as

follows:

TE, —(Z—x L) xEX; (4)

|1i
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Where, N; is sectori’s direct level of employment; Y, is sectori’s total output; L, is the
corresponding element in the Leontief inverse matrix (I — A)*, and it indicates the direct and
indirect inputs required from sector i to produce one unit of final demand in sector j; EXis
the volume of export in sector j .

And, the average employment creation per unit of embodied energy export in all sectors, ¢,

can be expressed in formula (5).

>TE
_E
? EEE ©)

Where, EEE is the export of China’s embodied energy including embodied coal, oil and
gas. Since sectorial employment data can only be obtained from China’s statistical yearbook,
the sector classifications in this study are mainly based on China’s statistical framework, and
the calculation of China’s embodied energy exports and imports is based on China’s Input-
Output tables published by the National Bureau of Statistics of China. There are five input-
output tables for 1987, 1992, 1997, 2002, and 2007 in China. Among these only 1997, 2002,
and 2007 input-output tables [31-33] are used for this study since the import/export data in
these tables are presented separately. Coal, oil and gas consumption data are obtained from
the China Energy Statistical yearbook [2]. There are two different types of employment data
released by the National Bureau of Statistics of China every year: employed persons in urban
areas by sectors and employed persons by industries. In fact, the data of employed persons by
sector would be more useful for this study, although it cannot be obtained from National
Bureau of Statistics of China directly. Usually employment adjustment coefficients can be
adopted to estimate employed persons by sectors as described by Tang et al.[30], and the
same method is used here to obtain the employment data required for this study. The sector

classifications in the China statistical yearbooks are nearly the same as the classifications in
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the Input-Output tables, since both publications are published by the National Bureau of
Statistics of China. For differences in statistical quality, the data in China’s statistical

yearbook are converted into the same statistical form as the Input-Output table.

K S
The calculation of the adjustment factor ZZ(\i Var QRL) in formula (3) and

R4 Ve Qo

(A.5) requires the data of trade linkages between China and its top 15 trade partners at the
sector level, and oil, gas and coal contents of each sector in China and its main trade partners
are also needed. In this study, these data are from the World Input-Output Database (WI10D),
which includes World Input-Output Tables [34], one of a new generation of global multi-
region input-output (MRI10O) databases that document trade flows between countries, and
energy use data at the sectorial level from Environmental Accounts [35].
3. Results
3.1 Trend of embodied energy exports and imports in China

China’s energy embodied in international trade including embodied coal, embodied oil and
embodied gas are calculated, and the trend of net embodied exports since 1997 is shown in
Fig.1. It can be seen that China's net embodied energy exports remained relatively stable
before 2002, and then increased dramatically from 73 MTOE in 2002 to 502 MTOE by 2007
with an average annual growth rate of 47.2% over that period. There is an interruption
particularly in 2009 following the global economic crisis, and China’s net embodied energy
exports returned to an increasing trend once more from 2010. In 2014, China’s embodied
energy exports reached a volume of 521 MTOE and it remains at a high level. The percentage
of net embodied energy exports in China’s energy consumption was 21.7% on average for the

last 5 years of the period studied - from 2010 to 2014 - following the global economic crisis.
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Fig.1.Trend of China’s net embodied energy export since 1997

At the same time, it can be seen from Fig.1 that China’s net embodied coal exports are
larger than net embodied energy exports. The main reason is that China is a net embodied oil
and gas importer. China has been a net embodied gas importer throughout the period since
1997, and the volumes are becoming larger and larger. In 2014, China’s net embodied gas
imports were 70.8 MTOE. China became a net embodied oil exporter after 2005, and the
volumes of net embodied oil exports were 36.8 Mt in 2014 which is much smaller than net
embodied coal exports. If oil and gas are considered together, China is a net embodied oil and
gas importer.lIt is clear that many countries can benefit from the embodied energy - especially
coal - embodied in China’s exports. Taking the UK as an example, China has been that
nation’s biggest net embodied energy contributor since 2008 and accounts for 43% of the

UK’s total net embodied fossil energy imports (Tang et al. [36]). The situation is similar for
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China’s other main trade partners, such as the United States (Du et al.[37]) and Japan (Liu et
al.[38]; Dong et al.[39]).
3.2 Employment contribution of exports

The total employment creation of exports can be calculated from Eq. (4) and is shown in
Fig. 2. In 2007, the total contribution to employment was 191.3 million people, including

direct employment of 44.1 million people and indirect employment of 147.2 million people.

Million People
160 30%

80

- 20%

- 10%
40

- 0%
1997 2002 2007
== Direct employment

== |ndirect employment

=&—Percentage of Total Employment in China

Fig.2.Employmentcreation of exports

Changes in employment creation are noted in Fig.2. Total employment creation from
exports increased quickly between 2002 and 2007, with an average annual growth rate of
9.1%. The percentage of this employment in China’s total employment increased marginally
from 16.5% in 1997 to 18.6% in 2002, however, it increased dramatically to 28.1% by 2007.
This occurred because indirect employment increased rapidly while direct employment
remained relatively stable. In 1997, indirect employment contribution was about 1.40 times
higher than direct employment. However, this ratio increased to 2.45 in 2002 and 3.34 in 2007.
The main reason is that sector linkages in China grew much closer during this time period, as

Tang et al.[40] demonstrate in their Input-Output analysis. For example, if China exports one
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unit of product (a mixed product from all sectors, with the weights of each sector considered),
1.61 units of intermediate products in total were required to produce that unit of exported
product in 2002 according to the Input-Output analysis in this study, and this increased to 2.14
in 2007. With this as a background, the differences between indirect employment coefficients
and direct employment coefficients in each sector are larger in 2007 compared with that in
2002. Taking manufacture of textiles which is an exports-oriented and labor-intensive sector
for example, its direct and indirect employment coefficients are 0.098 and 0.520
people/10000Y uan respectively, which is 5.3 times the difference in 2002. While the
coefficients changed to 0.040 and 0.301 people/10000Y uan respectively in 2007, which is 7.5
times difference.
3.3 Growth in energy and labor intensive exports between 1997 and 2007

China’s value added on exports, embodied energy exports and employment creation in
1997, 2002 and 2007 are compared in Table 1. It can be seen that the rate of value-added in
exports decreased slightly between 1997 and 2002, but decreased obviously between 2002
and 2007. And the volume of exports, embodied energy exports and employment creation
increased dramatically in the period of 2002-2007 compared with 1997-2002.

Table 1 Comparison of value added in exports, embodied energy exports and employment

creation in 1997, 2002 and 2007

o Value-added in Embodied energy Total employment
Exports (Billion . )
Year Yuan) exports exports (Million tonnes | creation of exports
uan

(Billion Yuan) oil equivalent) (Millions of people)
1997 1654 541 214 111
2002 3094 965 254 124
2007 9554 2296 810 192

Fig. 2 and Table 1 show the employment in all sectors created by exports. The sector-by-

sector distribution of employment for 2007, 2002 and 1997 is indicated in Table 2, Table 3
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and Table 4 respectively in Annex Il. The top 10 sectors for exports in monetary value are
ranked. Although the order of the top 10 sectors are different in 1997, 2002 and 2007, these
top 10 sectors account for about 75% of the total exports in each of the chosen years and the
embodied energy exports, employment creation of the top 10 sectors also account for a similar
percentage in the total respectively. Therefore, the export-oriented sectors in China are
energy-intensive from the perspective of embodied energy consumption, and the energy-
intensive exports are located in nearly the same sectors as the labour-intensive exports.

It can be seen from Table 2 that the manufacture of communication equipment, computers,
and other electronic equipment ranks first in monetary value of exports, embodied energy
exports, employment creation in 2007. The top 10 sectors account for 77.76% of the total
employment created of embodied energy exports in 2007. And it is found that the top 10
sectors are dominated by manufacturing industries.

In Table 2, the total employment creation of exports in the manufacture of electric and
electronic equipment are 34.60 million people, where 28.62 million of them are of an indirect
nature. Taking this sector as an example, the main sector contributors for the indirect effects
are listed in Table 5. It can be seen that the top 10 sectors account for 71.06% of the total
indirect effects, and most of these sectors are energy-intensive sectors such as Smelting and
pressing of metals, Manufacture of metal products, Manufacture of electrical machinery and
equipment, Manufacture of general and special purpose machinery, Chemical industry, and
these 5 sectors account for 47.56% of China’s total embodied energy exports. Besides energy-
intensive sectors, there are also other types of sector contributors for the indirect effects, such
as service sectors like Wholesale and retail trades, Hotels and catering services, Banking and
insurance. Although the exports of embodied energy are not high in these sectors, their
employment rates are indirectly affected by the exports of manufacture of electric and
electronic equipment.
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Table 5 Sectorial distribution of indirect employment creation from manufacture of electric

and electronic equipment

Percentage of Percentage of total
Rank Sector total indirect embodied energy

employment exports

1 Wholesale and Retail Trades 21.76% 1.94%

2 Chemical industry 12.87% 6.06%

3 Transportation 9.30% 6.02%

4 Smelting and Pressing of Metals 5.89% 11.54%
Manufacture of General and Special

5 ) 4.46% 8.26%

Purpose Machinery

6 Hotels and Catering Services 4.29% 0.44%
Manufacture of Electrical Machinery

7 ) 4.03% 10.16%

and Equipment
8 Manufacture of Metal Products 2.91% 11.54%
Manufacture of Paper, Paper Products,

Printing, Reproduction of Recording

9 ) ) _ 2.80% 2.69%

Media, Articles For Culture, Education
and Sport Activities
10 Banking and Insurance 2.76% 0.03%
Total 71.06% 58.67%

If the employment in urban and non-urban areas are distinguished, employment in non-

urban areas accounts for 82.1% of total employment creation of China’s exports in 2007. In
China, some workers from non-urban areas also work in cities as migrant workers who go to

more urban and prosperous coastal regions in search of work from impoverished rural regions.
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According to the National Bureau of Statistics of China [41], the current number of migrant
workers in China was estimated at 269 million in 2013. Therefore, migrant workers will be
affected by embodied energy exports more compared with other types of workers.
3.4 Employment creation per energy consumption in exports

The employment creation in Section 3.2 and 3.3 is induced by exports. The average
employment creation per unit of embodied energy exports will be calculated in this section
according to formula (5) to give an indication of the reliance of employment on the embodied

energy required for exports. Fig. 3 shows the changes in this value.

People/Tonne oil equivalent

0.6

0.45 =

. AN

0.15

1997 2002 2007

Fig.3. Changes of average employment creation per unit of embodied energy export

The average level of employment creation per unit of embodied energy exported decreased
from 0.52 per tonne oil equivalent in 1997 to 0.49 per tonne oil equivalent in 2002. This ratio
dropped further to 0.24 per tonne oil equivalent by 2007. In practice, a number of factors will
be involved in such developments — changes in the use of energy, automation, maturity of
industries and reduction in the human input required per tonne of product could all be factors
influencing this reduction. A structural decomposition can be provided to analyse the
influence of different factors on the reduction of the ratio of people/tonne oil equivalent as

following:
15
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TE TE EX DE TE 1 1 1
=X, x—x— (6)
EEE EX DE EEE EX DE EEE X, X,
EX ‘DE

Where, ¢ is the average employment creation of each unit of embodied energy exports;
TE is the total employment creation of embodied energy exports; EEE is embodied energy
export; EXis China’s exports; DE is China’s direct energy consumption for exports.

TE DE EEE . .
,—and are expressed as X, , X,and X, , which measures employment creation
EX EX DE

per unit of export, direct energy consumption per unit of export, ratio between embodied
energy exports and direct energy consumption for exports respectively. Table 6 shows the
result of the structural decomposition.

Table 6 Structural decomposition of ¢ changes

Year @ Xy X3 X X2 X3
1997 0.52 0.07 0.04 2.92 0.13
2002 0.49 0.04 0.03 2.56 0.08
2007 0.24 0.02 0.02 3.96 0.08

Change Rate
(1997-2002)
Change Rate
(2002-2007)

The first reason for the reduction of ¢ is the decreasing employment creation per unit of

-6.2% -40.6% 27.7% | -12.3% | -36.6%

-51.4% | -49.7% -33.0% | 54.5% 3.5%

export (x,). The second reason is that x, increased dramatically between 2002 and 2007,
which means that indirect energy consumption increased much faster during this period as
analyzed in Fig.2 above. It can also be seen from the change of x,x, (embodied energy
exports per unit of exports), which does not decrease during the period 2002-2007 but

increases slightly.

4. Discussion
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Embodied energy imports and exports are normal economic phenomena brought about by
international trade, and are not unique to China. International exports have been a primary
driver for China's economic growth over the last decade, and large volumes of embodied
energy exports make a tremendous contribution to economic growth and employment stability.
Therefore, embodied energy exports are the inevitable result of China’s current economic
model. China should make the trade-off between reducing embodied energy exports and
changing the current development model of exporting resource-intensive products.

4.1 China should move towards cleaner production of energy

China’s embodied energy exports are closely linked with China’s energy consumption
structure. It can be seen from Fig.1 that China’s net embodied coal exports are larger than net
embodied energy exports since China is a net embodied oil and gas importer. The main reason
for this is that coal accounts for 66.0% of primary energy consumption and serves as a
feedstock for China’s factories — the same factories that churn out so many products for the
world market.

Coal, oil and gas have different emissions factors. The emissions factor of coal is higher,
with most air pollution in China resulting from coal combustion, and coal is the source of
90% of the SO emissions, 70% of the particulate emissions and 67% of the NOy emissions
[28]. Therefore, embodied emissions from embodied coal are much higher than other types of
embodied energy. Diversifying energy consumption could be a viable choice for China since
embodied energy from cleaner sources than coal is less environmentally harmful. Moving
towards cleaner production of energy can be a feasible choice for China to reduce the
environmental cost of embodied energy exports.

Developing non-fossil energy is certainly an option to reduce embodied emissions, in
theory. According to the Chinese government's latest energy development plan [43], non-
fossil energy and natural gas will reach 15% and 10% of total energy consumption, and the
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ratio for coal consumption will be controlled to below 62% by 2020. However, the
development of non-fossil energy will take quite a long time, along with significant
investment to realise any benefits [44]. More specifically, China’s national energy policy has
plunged its renewable industrial development into a fairly passive state [45]. Recent
amendments to this policy have mitigated some of the problems [46], although it is still too
early to fully evaluate the effectiveness of these changes in promoting non-fossil energy
sources. Even if China’s clean energy goal can be achieved successfully, China's energy
consumption structure still will not reach the average clean level in the world. The percentage
of coal consumption in total energy consumption is only 19.2% for the world apart from
China [26]. As a global coal-fired factory, China still has a long way to go in reducing its coal
consumption intensity.

It will be particularly important as a consideration in the upcoming climate change
agreement (to start from 2020), as to whether such embodied emissions exports can be taken
into account. In addition, assuming better performance of China’s trade partners on emissions
reductions, the embodied emissions exported (as a percentage compared with embodied
imported emissions) may grow further. While there are other strategies for China to reduce its
energy-intensity — for example, efficiency gains which are possible and have been estimated
or indicated elsewhere for minerals industries (Price et al.[47], McLellan et al. [48]) - the
current intensity, the rate of development, and the sunk capital may limit the achievement of
this.

4.2 China needs to exercise patience if it wants to reduce embodied energy exports

Net exports of embodied energy and CO> emissions are the inevitable results of China’s
present economic development model, and this model creates many job opportunities for
China, which has been important for successive Chinese governments. For example, China's
international exports decreased significantly during the global economic crises in 2009, and
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many workers lost their jobs according to Chinese government statistics [49]. This would be
exacerbated if the indirect unemployment was considered.

It makes sense for China to rank export sectors by unemployment trade-off costs and
then initiate reform by targeting those sectors with relatively low trade-off costs. Table 2 in
Annex Il shows employment distribution as a result of embodied energy exports. China can
gradually reduce embodied energy exports by starting with sectors with a relatively low trade-
off cost on unemployment (Table 7). By the indicator of total employment creation per unit
of embodied energy exports, it is found from Table 7 that the trade-off costs in Smelting and
Pressing of Metals, Manufacture of Metal Products, Transportation, Chemical industry,
Manufacture of General and Special Purpose Machinery are relatively low in the top 10
sectors, and the trade-off costs in Manufacture of Textile, Wholesale and Retail Trades are
much higher. Considering these intensity factors, many of the energy intensive industries are
seen to be low in their production of employment per unit of energy. This is perhaps
unremarkable, as the higher energy intensity may be the important factor in reducing this ratio.
However, if a strategic use of energy towards the promotion of employment is considered,
then a logical approach would be to restructure industry away from these sectors, thus
diverting resources to sectors more-likely to promote energy-efficient employment generation.
Such a strategy does not account for whether or not sufficient demand for alternative sectors
exists. At the same time, such energy-intensive industries offer the lowest “trade-off” cost, in
that a reduction in the production in these sectors should induce a large reduction in energy

and a relatively low induced employment reduction.
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Table 7 Sector ranking on low trade-off cost on reducing embodied energy exports in 2007

Embodied Total
Rank Sector Exports Creation(Million | (People/Tonne
(Million tonnes People) oil equivalent)

oil equivalent)

Smeltin d Pressi f
1 g and Pressing o 21 89 0.125
Metals
Manufacture of Metal
2 37 6.37 0.170
Products
3 Transportation 37 6.48 0.174
4 Chemical industry 95 18.04 0.189
Manufacture of General and
5 51 9.87 0.193

Special Purpose Machinery

Manufacture of Electrical 0.202
6 . . 63 12.72 :
Machinery and Equipment

Manufacture of
Communication Equi t,
7 quipmen 142 34.6 0.244
Computers and Other

Electronic Equipment

Manufacture of Textile

Wearing Apparel, Footware,
8 INg App W 33 962 0.292
Caps, Leather, Fur, Feather
and Related Products
9 Manufacture of Textile 57 27.98 0.493
10 | Wholesale and Retail Trades 12 8.32 0.693

From the perspective of province, there are more than 30 provinces in China, and the
differences in development levels amongst them are huge. Just as there is embodied energy
transfer at the national level, there is also embodied energy transfer at the provincial level
within China [50], and employment affected by embodied energy transfer aren't the same.
Therefore, further research on this issue from different sectors of different provinces should

be encouraged in the future.
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At the same time, China should continue increasing the share of the labour force
absorbed by the service industry to help offset impacts on employment. Service sector
employment was only 36.2% of total employment in 2012 according to National Bureau of
Statistics of China [1]; this is a far lower percentage than in developed countries. China’s
service sector is mainly concentrated in the eastern coastal areas and large urban areas. The
service industry is developing slowly and absorbing limited numbers from the labour force,
especially in rural areas. It is therefore important that China develops a range of policies to
create incentives and expand job opportunities in small-scale services, especially in small
towns and rural areas. This would be a good way to shift the surplus workforce from
secondary industries, especially in the manufacturing sectors, which can then support China’s
drive to reduce embodied energy exports gradually.

With regards to policy direction, China should understand that it is not a simple
restructuring task to reduce the embodied energy exports. China cannot bear the whole trade-
off cost if it wishes to reduce embodied energy exports at a sweep because of its large
economy and population base, which necessitates long-term reform. China can gradually
reduce embodied energy exports starting from sectors with relative low trade-off costs as
shown in Table 7. At the same time, China should develop policies such as preferential tax
treatment to create incentives and expand job opportunities in small-scale services in rural
areas. It is important for China to find ways to shift the surplus workforce from secondary
industries, especially the manufacturing sectors, which can assist China to bear the trade-off
cost of reducing embodied energy exports gradually.

5. Conclusions

China is bound by its own policies since international exports have been a primary driver
for China's economic growth especially since accession to the World Trade Organization in
2001. China is a net exporter of embodied energy, and the volume of net embodied energy
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exports has increased over time. Research results in this paper show that China’s embodied
energy exports in 2014 reached a volume of 521 MTOE. The net embodied energy exports as
a percentage of China’s energy consumption was 21.7% on average from 2010 to 2014 -
following the global economic crisis. Embodied coal dominates China’s embodied energy
exports. China is a net embodied oil and gas importer. China has been a net embodied gas
importer since 1997, and has just become a net embodied oil exporter since 2005.

At the same time, these embodied energy exports have already made significant
contributions to China’s employment stability. The total employment creation of exports
increases from 123.6 million people in 2002 to 191.3 million people in 2007. The share of
employment created by exports in China’s total employment increased from 18.6% in 2002 to
28.1% in 2007. The exports-oriented sectors in China are energy-intensive from the
perspective of embodied energy consumption, and the energy-intensive exports are located in
the same sectors as the labor-intensive exports. Although the average employment creation
per unit of embodied energy exports are decreasing, the trade-off cost for China to reduce
embodied energy exports is still very high because of the large volume of embodied energy
exported. Reduction in embodied energy exports is not a simple restructuring task for China
with such a large population base, and reform must be undertaken over the long-term.
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Annex |
Standard Input—Output (10) model

Leontief first developed the Input—-Output model in 1936 as a useful tool for analyzing the
economic relationships between and within the various sectors of an economy. In the standard
10 model, X which stands for the total output of an economy can be expressed as the sum of

intermediate consumption (AX) and final consumption(Y) as follows:
AX+Y =X (Al
Where, A is the technical coefficient matrix.

The solution of equation (A.1) can be expressed as follows:

X=(1-A1Y (A2
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Where, | is identity matrix, and the matrix (I — A) ™ is called the Leontief inverse matrix

(the key matrix).

Besides technical coefficient matrix A ,the complete consumption coefficient matrix B is
also widely used in 10 modeling. The element b, in matrix B measures how much direct and
indirect output from sector i will be used given each output increase in sector j . Complete

consumption coefficient matrix B can be calculated as follows:
B=(1-A)"-1 (A.3)
Calculation of coal embodied in China’s exports

Based on standard 10 model, EEE__,, which is coal embodied in the China’s exportscan be

coal

established as follows:

EEE =%zExij,j (A4)

coal j=1

coal

where, E__, is China’s coal consumption; Y_, is the output of coal sector in China;. Y, is

coal coal coal

monetary unit, Eon measuring the coal content of per unit of coal sector’s output. EX ; is

coal

China’s exports in sector j ;, b, is sector j’s complete consumption coefficient from coal

lj

sector (sector 1).
Calculation of coal embodied in China’s imports

The calculation of coal embodied in China's imports is more complicated. In theory, coal
consumption coefficients of different imported commodities from different countries should

be calculated respectively. However, it would prove difficult to calculate coal consumption
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coefficients for each commodity from each country since China has more than one hundred

trade countries.

In fact, by importing commodities from other countries, China can avoid a proportion of
domestic coal consumption in the production process of these commodities, and the method
of “substitution effect” is often used in calculating energy embodied in imported goods. The
“substitution effect” method refers to the calculation of embodied energy in China’s imports
based on the complete energy consumption coefficients of the China’s industrial sectors
because imported commodities avoid domestic energy consumption.However, the implied
basic assumption of this method is that the energy consumption coefficients of commodity
processing in exporting countries are the same as the importing country. It therefore does not
reflect the actual situation since there is a significant difference in energy especially coal
consumption intensity among China and other countries. However, it is difficult to
obtainthese differences for each commodity produced in China and that of its import trade
partners. Limitations in the available data leaves measuring the differences of embodied coal
in unit of China's imported commodities according to the ratio of the world average coal
consumption intensity to China's coal consumption intensity. The model to calculate China’s

coal imports embodied in international trade EEI,, is established as follows:

coal

S
Z (U_R V_ QRL coal ) (A 5)
1L=1 U V QCL coal

EEI

M=

=@Z<|ijb.)

coal I
Y I]

pu)
I

coal j=1

Where, %Z( IM ; xby;) measures China’s coal imports embodied in international

coal j=1

trade assuming that any imports produced elsewhere would require the same amount of coal

to be produced in China; ZZ(V Var M) is the adjustment factor to reflect the

R=1L=1 V V CL—coal

29



618
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difference in coal consumption intensity among China and its main trade partners at the sector

level, which is similar with the factor in Eq.(3).
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620  Annex I
621 Table 2 Sectoral employment creation of exports in 2007
Exports of Direct Indirect Total
International Value-added of XR ! !
. . embodied energy employment employment employment
Rank Sector exports international exports . . . . .
- . (Million tonnes oil (Millions of (Millions of (Millions of
(Billion Yuan) (Billion Yuan) .
equivalent) people) people) people)
Manufacture of Communication
1 Equipment, Computers and Other 2138 353 148 5.98 28.62 34.60
Electronic Equipment
2 Manufacture of Textile 822 160 59 3.27 24.7 27.98
3 Chemical industry 724 147 101 3.61 14.43 18.04
4 Manufacture of Electrical 683 116 66 2.02 10.71 12.72
Machinery and Equipment
5 Manu_facture of Generél and 574 132 53 1.81 8.05 9.87
Special Purpose Machinery
Manufacture of Textile Wearing
6 Apparel, Footware, Caps, Leather, 567 127 35 6.9 2.72 9.62
Fur, Feather and Related Products
7 Smelting and Pressing of Metals 516 101 74 0.5 8.4 8.9
8 Wholesale and Retail Trades 401 241 13 2.11 6.22 8.32
9 Transportation 398 184 41 3.23 3.25 6.48
10 Manufacture of Metal Products 356 74 39 0.6 5.77 6.37
Percentage of top 10 sectors in Total 75.65% 72.46% 77.76% 76.84% 73.07% 73.88%




622 Table 3 Sectoral employment creation of exports in 2002
Exports of Direct Indirect Total
International Value-added of xpor >0 Iee neiree o
. . embodied energy employment employment employment
Rank Sector exports international exports . . . . -
- . (Million tonnes oil (Millions of (Millions of (Millions of
(Billion Yuan) (Billion Yuan) .
equivalent) people) people) people)
Manufacture of Communication
1 Equipment, Computers and Other 497 104 35 2.82 11.58 14.39
Electronic Equipment
Manufacture of Textile Wearing
2 Apparel, Footware, Caps, Leather, 278 68 16 3.50 12.09 15.59
Fur, Feather and Related Products
3 Manufacture of Textile 272 67 20 2.66 14.14 16.80
Wholesale and Retail Trades 253 137 12 6.39 4.08 10.47
Chemical industry 218 59 30 1.38 5.74 7.13
Manufact f Electrical
6 andiactire of =lectrica 203 49 20 1.49 4.42 5.91
Machinery and Equipment
Manufacture of Measuring
7 Instruments and Machinery for 148 38 12 1.58 3.30 4.88
Cultural Activity and Office Work
8 Transportation 142 69 17 2.33 2.13 4.46
Manufacture of General and
9 . . 131 37 13 1.12 2.65 3.77
Special Purpose Machinery
10 Manufacture of Metal Products 107 25 12 0.53 2.12 2.64
Percentage of top 10 sectors in Total 73.77% 69.75% 74.12% 80.18% 72.33% 74.35%




623 Table 4 Sectoral employment creation of exports in 1997
International Value-added of Exports of Direct Indirect Total
Rank Sector exports international exports embodied energy employment employment employment
(Billion Yuan) (Billion Yuan) (Million tonnes oil (Millions of (Millions of (Millions of
equivalent) people) people) people)
Manufacture of Textile Wearing
1 Apparel,Footware,Caps, Leather, 216 67 16 3.43 12.08 15.51
Fur, Feather and Related Products
Manufacture of Communication
2 Equipment,Computers and Other 178 45 20 3.10 7.62 10.72
Electronic Equipment
3 Manufacture of Textile 171 48 15 1.88 11.68 13.56
4 Chemical industry 151 41 32 1.58 7.40 8.98
5 Wholesale and Retail Trades 118 60 9 4.45 3.63 8.07
6 Manufacture of Ele_ctrlcal Machinery 89 20 15 0.97 368 465
and Equipment
7 Social Services 76 30 9 0.88 2.89 3.76
8 Ma”“faCtugﬁ(;’nggggibBe"erages 73 20 5 0.52 8.17 8.69
Manufacture of Paper , Paper
Products, Printing, Reproduction of
9 Recording Media, Articles For 68 21 8 0.78 3.12 3.90
Culture, Education and Sport
Activities
10 Manufacture of Metal Products 65 15 12 0.45 2.45 2.90
Percentage of top 10 sectors in Total 74.66% 71.22% 67.49% 70.97% 80.85% 78.41%
624
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