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h i g h l i g h t s

� The development phase of China’s oil industry is detailed.
� Risk to oil industry in China is identified along the supply chain.
� Policy aimed at improving oil security is examined.

a r t i c l e i n f o

Article history:
Received 11 March 2014
Received in revised form 13 August 2014
Accepted 7 September 2014

Keywords:
Oil security
China
Supply chain

a b s t r a c t

Oil security has become a major issue in China. This paper analyzes China’s oil security from the supply
chain perspective, as the country faces challenges from an increasing reliance on imported oil, a fast-
growing economy, the Malacca dilemma, and volatile international oil prices. To clarify the issue of oil
security, we first review the development phase of China’s oil industry and previous research related
to its energy security. Then a framework from the supply chain perspective is constructed to identify
the current risk from three aspects: energy flow, financial and environmental. Finally, policies aimed
at improving the country’s energy security are examined and potential problems presented. From this
analysis, we conclude that the potential risk arising from China’s oil system is inherently interconnected.
There is still great potential for the country to improve oil security by strengthening its strategic oil
reserves, improving energy efficiency, and developing its domestic oil tanker fleet.

� 2014 Elsevier Ltd. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270
2. Development phase of China’s oil industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270
3. Energy security and oil supply chain in China . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271

3.1. Definition of energy security . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271
3.1.1. Supply-based energy security . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271
3.1.2. Demand-based energy security . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272

3.2. Oil supply chain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
4. Risk identification of oil industry in China . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272

4.1. Energy flow risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
4.1.1. Available oil reserve risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
4.1.2. Geopolitical risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273
4.1.3. Transportation risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273
4.1.4. Refiner technology risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274
4.1.5. Demand risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275

4.2. Financial flow risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
4.2.1. Oil price volatility. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
4.2.2. Economic loss of overseas oil investment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275

4.3. Environmental risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276

http://dx.doi.org/10.1016/j.apenergy.2014.09.016
0306-2619/� 2014 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: State Key Joint Laboratory of Environmental Simulation and Pollution Control, School of Environment, Beijing Normal University,
19 Xinjiekouwai Street, Beijing 100875, PR China. Tel./fax: +86 10 58807368.

E-mail address: chenb@bnu.edu.cn (B. Chen).

Applied Energy 136 (2014) 269–279

Contents lists available at ScienceDirect

Applied Energy

journal homepage: www.elsevier .com/locate /apenergy

http://crossmark.crossref.org/dialog/?doi=10.1016/j.apenergy.2014.09.016&domain=pdf
http://dx.doi.org/10.1016/j.apenergy.2014.09.016
mailto:chenb@bnu.edu.cn
http://dx.doi.org/10.1016/j.apenergy.2014.09.016
http://www.sciencedirect.com/science/journal/03062619
http://www.elsevier.com/locate/apenergy


5. Policy to improve energy security. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276
5.1. Strengthening strategic oil reserves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276
5.2. Investment in oil pipeline construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277
5.3. Improving energy efficiency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277
5.4. China’s oil tanker fleet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277

6. Conclusion and prospects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278

1. Introduction

China’s economy has grown rapidly during the past three dec-
ades. Domestic production (GDP) surged from 189,399 million dol-
lars in 1980 to 7,318,499 million US dollars in 2011 [1]. This has
resulted in China surpassing Japan as the world’s second largest
economy [2]. However, this was achieved by tremendous energy
consumption, because energy has always been considered the
engine and fundamental impetus of social economic development.

According to the U.S. Energy Information Administration [3],
China has become the second largest consumer of oil (close behind
the United States), and the largest global consumer of energy. Its
total energy consumption was 3249.4 million tons of coal equiva-
lent in 2010, of which 68% was derived from coal, 19% from oil,
4.4% from natural gas, and 8.6% from primary electricity (hydro,
nuclear and wind) [4]. Although oil is not dominant in the fuel
mix of these energy types, it has attracted much more attention
in China relative to the other types, for the following reasons. First,
the gap between indigenous oil production and demand has wid-
ened since China became a net oil importing country in 1993. By
the end of 2011, national oil consumption reached 461.8 million
tonnes (Mt), about 54.8% of which was imported [5]. Second,
although the Chinese government has striven to diversify imported
oil sources, its imported oil still originates largely from unstable
regions (e.g., the Middle East, Africa, and South America). Third,
although oil price is relatively stable in recent years since U.S.
energy revolution, the oil price is still mainly manipulated by sup-
pliers. These prices are also sensitive to political issues, natural
events, and currency fluctuations. Fourth, the transportation sector
is less flexible with regard to oil alternatives, with little prospect
for replacement in the short term [6]. Fifth, and related to the sec-
ond reason, imported oil from the Middle East must pass through
the Strait of Malacca, which is considered a chokepoint by the
Chinese government, not only because of pirate attacks in this
region but also because the strait is a strategic vulnerability region
for China. This situation aggravates the risk of international oil
supply disruption for China. For the above reasons, even though
oil as a strategic commodity does not constitute a dominant
proportion of the country’s fuel mix, the debate about national
energy security has been primarily focused on oil security [7].

Various methods have been applied to analyze the issue of
energy security. For example, Wianwiwata and Asafu-Adjaye [8]
applied a computable general equilibrium model to assess the role
of biofuels in Thailand’s energy self-sufficiency and security. Ma
et al. [9] studied Chinese energy security using a Sankey diagram,
which revealed the pattern of the country’s oil flow and identified
the driver of its soaring oil demand. Additionally, energy security
indicators categorized into two types have been proposed to quan-
tify the energy security levels: disaggregated and aggregated
[10,11]. Disaggregated indicators including the reserve to produc-
tion ratio, net energy import dependency, geopolitical market
concentration risk, oil expenditure per GDP, and Hirschman–
Herfindahl–Agiobenebo index have been used to evaluate China’s
energy security [10]. Rather than focusing on one dimension of

security evaluation, an aggregated indicator combines various
disaggregated indicators to construct an integrated index (such
as oil vulnerability index) [12].

Although there has been much effort toward deep understand-
ing of national energy security, most studies have focused on only
one or certain aspects of the oil system. However, oil security as a
holistic issue demands description of the complexity of the entire
oil system. Therefore, an integrated method could give a compre-
hensive assessment for various dimensions of oil system rather
than focus on one or certain aspects must be used to analyze oil
security. Moreover, previous research has highlighted difficulties
in exploring the interaction of each component within the oil sys-
tem because of the fragmented view obtained by concentrating on
an isolated piece of this system [8,10–12]. Given this background, a
framework based on the supply chain has been developed to iden-
tify potential risk to China’s oil industry.

The purposes of this paper are as follows: (1) to review the
development phase of China’s oil industry and papers related to
national oil security, and to clarify the concept of oil security in
Chinese context; (2) to identify the principal factors affecting oil
security from the supply chain perspective; and (3) to examine
China’s current policies regarding improvements in oil security.

2. Development phase of China’s oil industry

We examined the academic literature related to energy security
in China using the Web of Knowledge database, retrieving ‘‘energy
security’’ and ‘‘China’’ as ‘‘topics’’ (the terms appear in the titles,
keywords or abstracts of the papers) (http://apps.webofknowl-
edge.com). We also conducted a search on ‘‘energy security’’ and
‘‘China’’ as ‘‘topics’’ in the Chinese core periodicals database

Fig. 1. Number of papers dealing with Chinese energy security, from both
international and Chinese journals.
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