
 
 

 

 
 

Sino-Russian natural gas cooperation
Structure and situation
Li, Z.; Li, J.; Yang, Y.; Kolosov, V. A.; Ren, Y.; Chen, F.

Published in:
IOP Conference Series: Earth and Environmental Science

Published: 30/10/2018

Document Version:
Final Published version, also known as Publisher’s PDF, Publisher’s Final version or Version of Record

License:
CC BY

Publication record in CityU Scholars:
Go to record

Published version (DOI):
10.1088/1755-1315/190/1/012057

Publication details:
Li, Z., Li, J., Yang, Y., Kolosov, V. A., Ren, Y., & Chen, F. (2018). Sino-Russian natural gas cooperation:
Structure and situation. IOP Conference Series: Earth and Environmental Science, 190(1), [012057].
https://doi.org/10.1088/1755-1315/190/1/012057

Citing this paper
Please note that where the full-text provided on CityU Scholars is the Post-print version (also known as Accepted Author
Manuscript, Peer-reviewed or Author Final version), it may differ from the Final Published version. When citing, ensure that
you check and use the publisher's definitive version for pagination and other details.

General rights
Copyright for the publications made accessible via the CityU Scholars portal is retained by the author(s) and/or other
copyright owners and it is a condition of accessing these publications that users recognise and abide by the legal
requirements associated with these rights. Users may not further distribute the material or use it for any profit-making activity
or commercial gain.
Publisher permission
Permission for previously published items are in accordance with publisher's copyright policies sourced from the SHERPA
RoMEO database. Links to full text versions (either Published or Post-print) are only available if corresponding publishers
allow open access.

Take down policy
Contact lbscholars@cityu.edu.hk if you believe that this document breaches copyright and provide us with details. We will
remove access to the work immediately and investigate your claim.

Download date: 24/05/2023

https://scholars.cityu.edu.hk/en/publications/sinorussian-natural-gas-cooperation(676ab3e9-8bad-4fc1-983b-de2003dcece6).html
https://doi.org/10.1088/1755-1315/190/1/012057
https://scholars.cityu.edu.hk/en/persons/yang-ren(7c17617b-dd79-43a0-ad19-b83053f4370a).html
https://scholars.cityu.edu.hk/en/publications/sinorussian-natural-gas-cooperation(676ab3e9-8bad-4fc1-983b-de2003dcece6).html
https://scholars.cityu.edu.hk/en/publications/sinorussian-natural-gas-cooperation(676ab3e9-8bad-4fc1-983b-de2003dcece6).html
https://scholars.cityu.edu.hk/en/journals/iop-conference-series-earth-and-environmental-science(3124b3d5-81bb-4dbc-89d0-eb3d5513f62f)/publications.html
https://doi.org/10.1088/1755-1315/190/1/012057


IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

Sino-Russian natural gas cooperation: structure
and situation
To cite this article: Z Li et al 2018 IOP Conf. Ser.: Earth Environ. Sci. 190 012057

 

View the article online for updates and enhancements.

You may also like
X-Ray Radiation Characteristics of
Nested-Wire Array Implosion in Sino-
Russian Joint Z-pinch Experiments on
Angara-5-1
Xu Rong-Kun, Li Zheng-Hong, Ning Jia-
Min et al.

-

The Impact of Sino-US Trade Friction on
Car Profits and Countermeasures
Yu Zhang, Zheng Tan and Wenyu Yang

-

Sino-Russian Oil Security: Evolution and
Structure
Y Yang, S Dong, F Li et al.

-

This content was downloaded from IP address 144.214.125.28 on 20/12/2021 at 07:20

https://doi.org/10.1088/1755-1315/190/1/012057
/article/10.1088/0256-307X/22/2/040
/article/10.1088/0256-307X/22/2/040
/article/10.1088/0256-307X/22/2/040
/article/10.1088/0256-307X/22/2/040
/article/10.1088/1757-899X/768/5/052021
/article/10.1088/1757-899X/768/5/052021
/article/10.1088/1755-1315/381/1/012100
/article/10.1088/1755-1315/381/1/012100


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890 ‘’“”

IGCCMR IOP Publishing

IOP Conf. Series: Earth and Environmental Science 190 (2018) 012057  doi :10.1088/1755-1315/190/1/012057

Sino-Russian natural gas cooperation: structure and situation  

Z Li1,2, J Li1,2, Y Yang1,2, V A Kolosov3,4, Y Ren1,2*, F Chen1,2 

1Institute of Geographic Sciences and Natural Resources Research, Chinese Academy 

of Sciences, Beijing, China  
2University of Chinese Academy of Sciences, Beijin, China  
3Institute of Geography, Russian Academy of Sciences, Moscow, Russia  
4Department of Geography, Moscow University, Moscow, Russia 

 

E-mail: *llfsry@sina.cn 

Abstract. Sino-Russian natural gas cooperation has an important impact on natural gas trade in 

both Russia and China. Based on the Herfindahl-Hirschman Index (HHI), this paper has 

established a natural gas import and export security evaluation system to scientifically assess 

Sino-Russian gas cooperation with respect to the Sino-Russian natural gas structure and 

situation under the influence of different factors. The research shows: the diversification of 

natural gas imports in China has gradually increased. China’s natural gas imports from Russia 

are on the rise; When accounting for the export potential of the importing countries, China’s 

HHIC-PE reveals a wavy upward trend after falling to a low in 2008, and then, upon reaching a 

peak in 2013, it presents a stable, albeit slightly declining, trend; After accounting for price, the 

overall HHIC-PE-OP declines, rises and declines again; HHIR shows a sharp decline after it 

increases, and it then rises again; After accounting for the import potential of exporting 

countries, the Russian natural gas export risk exhibits two M-type declines; The drop in natural 

gas prices in recent years has had a significant negative impact on Russian natural gas export 

security; In the next few years, the sharp increase in Sino-Russian natural gas trade volume 

will increase the import concentration of both Russia and China, which should guard against 

the rising natural gas import and export risk. 

1.  Introduction 

With China's energy consumption and demand continuing to increase, China has become the world's 

largest energy consumer [1]. China's natural gas dependence increased to 39% in 2017 and its natural 

gas consumption and foreign dependence will increase rapidly in the future [2]. Russia is a major oil 

and natural gas producer and exporter at the global level. Its oil and natural gas exports to Europe 

account for 65% to 70% of its total exports. Accordingly, Russia must strengthen its energy 

cooperation with the Asia-Pacific region, especially with China, if it wants to eliminate its excessive 

dependence on the European energy market and enhance its position in the international energy 

landscape [3]. In recent years, China and Russia have increased their cooperation in the development 

of natural gas in the Arctic region. On November 1, 2017, during the 22nd regular meeting between 

the Chinese and Russian prime ministers, PetroChina and Russia Novatec signed a strategic 

cooperation agreement, and the two sides will continue to work closely together on the Yamal LNG 

project. By 2019, after the completion of the Yamal LNG project, the three production lines of the 
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project will supply 4 million tons (equivalent to 6 billion cubic meters) of liquefied natural gas to 

China each year. 

Much research has been performed on the progress, situation, significance, problems and 

countermeasures of the Sino-Russian energy cooperation project. Yang et al. [3], Sun et al. [4], Yang 

[5], Xu et al [6] reviewed and summarized the progress of Sino-Russian energy cooperation since the 

collapse of the Soviet Union. Zhang et al. [7], Chen [8], Wang [3], Guo et al. [9] each analyzed the 

problems and constraints of Sino-Russian energy cooperation. In recent years, increasingly more 

studies have begun to use quantitative analysis to evaluate the security of the energy trade [2].  

In 1974, the International Energy Agency (IEA) was established and defined energy security as the 

ability to obtain a sufficient energy supply at a reasonable price [10]. Many scholars started to work on 

energy security from different angles under the leadership of the IEA [11]. In 1975, Willrich first 

mentioned the term “energy security” in his book [12]. Maull [13], Deese [14] considered energy 

security to be the unification of energy economic security and energy ecological security and 

promoted energy economic security as the basic goal of national energy security. The Asia-Pacific 

Energy Research Center contends that energy security refers to a state in which energy is available and 

acceptable [15]. Based on the definition of HHI index and energy security, this paper constructs a 

natural gas import and export security evaluation system for Sino-Russian natural gas cooperation and 

scientifically evaluates the security pattern and situation of Sino-Russian natural gas trade between 

2005 and 2016 under the influence of different factors and providing scientific guidance for promoting 

natural gas cooperation between the two countries. 

2.  Models and Methods 

2.1. Models and Methods 

The most commonly used index for measuring energy import security is the HHI, which is based on 

the measure of diversity. This paper improves the HHI index and builds a natural gas import risk 

assessment index that comprehensively reflects China's natural gas import security and creates a 

natural gas export risk assessment index that reflects the security of Russian natural gas exports. 

𝐻𝐻𝐼𝑖 =∑𝑤𝑖𝑗
2

𝑛

𝑗=1

 (1) 

Natural gas import source country distribution (Wcj), natural gas import source country export 

potential (PEj) and international natural gas price (OP) are key factors that directly affect China's 

natural gas import security. HHIC, HHIC-PE, and HHIC-PE-OP are China's natural gas import risk 

indexes, which, respectively, only consider the distribution, the distribution and the export potential, 

and, comprehensively, the distribution, the export potential and international prices. 

𝐻𝐻𝐼𝐶 =∑𝑤𝐶𝑗
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） × 𝑂𝑃 (4) 

The distribution of natural gas export destinations (WRj), the import potential of natural gas 

exporting countries (PIj) and the international natural gas price (OP) are important factors that affect 

the security of Russian natural gas exports. HHIR, HHIR-PE, and HHIR-PE-OP are Russia's natural 

gas export risk indexes which, respectively, only consider the distribution, the distribution and the 

import potential, and, comprehensively, the distribution, the import potential and international prices. 
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2.2. Data 

The data were obtained from the 2006 to 2017 BP Statistical Yearbook. Since there are different 

dimensions between the indicators, the original data must be standardized. 

3.  Results and Discussion 

3.1. China's natural gas import security 

3.1.1. China's natural gas import risk index that only includes natural gas import sources (HHIC） 

China's HHIC experienced a rapid decline after 2005, reaching its lowest point in 2010 before 

recovering to a relatively high point in 2013, after which it began to decrease again. (figure 1).Prior to 

2009, China's natural gas import sources were clustering. In 2005, China’s natural gas imports from 

Indonesia and Malaysia accounted for 51.51% and 42.66%. Driven by China's energy import 

diversification strategy, China's major natural gas import sources began to expand (figure 2). In 2016, 

the number of countries from which China imports natural gas accounting for more than 5% of its total 

natural gas imports was five. The concentration of China’s natural gas imports has gradually 

decreased. During this same period, the amount of natural gas imported from Russia increased from 

before 2009 to 2.18% in 2016. The increase in the proportion of imported natural gas from Russia and 

other countries plays an important role in reducing the risk of natural gas imports. 

3.1.2. China’s natural gas import risk index that includes natural gas sources and natural gas export 

potential（HHIC-PE） China's HHIC-PE shows a wavy upward trend after hitting a low in 2008 and 

then, after reaching a relatively high value in 2013, it experiences a relatively stable decline (figure 1). 

This is significantly different from HHIC as a whole, thus indicating that the export potential of 

natural gas import sources has an important impact on China's natural gas import security. From 2008 

to 2013, the export potential of China's major natural gas importing countries exhibited either stability 

or a wavy decline. After 2014, the export potential of China's major natural gas importing countries 

showed a steady or slow upward trend. In 2010, the impact of the increase in the import risk index 

caused by the decline in exporting power of importing countries exceeded the impact of the decline in 

the import risk index caused by decentralization. It is further noted that with Russia's emergence and 

its proportion in China's natural gas import market, Russia's increasing natural gas export potential 

will play an important role in improving China's import security. 

3.1.3. China’s natural gas import risk index that includes natural gas import sources, natural gas 

export potential and natural gas price (HHIC-PE-OP). After considering the natural gas import 

source, export potential and price fluctuations, HHIC-PE-OP revealed a downward trend followed by 

an increase and then a decrease (figure 1). From 2005 to 2016, international natural gas prices 

fluctuated drastically, resulting in dramatic fluctuations in China's natural gas import security 

(figure 3). Before 2008, international natural gas prices exhibited an upward trend, but the outbreak of 

the financial crisis caused a serious oversupply in the international natural gas market, which caused 

the price to fall. Since then, with the recovery of the world economy, natural gas demand has gradually 
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recovered, and the huge natural gas supply and demand gap has caused international natural gas prices 

to increase rapidly. However, since 2013, due to the U.S. shale gas revolution, the overcapacity caused 

by increased natural gas imports, a slowdown in global economic growth, international natural gas 

prices have fallen rapidly, which has greatly reduced China's natural gas import risk index in the short 

term. 

 

 

Figure 1. HHIC, HHIC-PE and HHIC-

PE-OP for the period from 2005 to 

2016. 

3.2. Russia’s natural gas export security 

3.2.1. Russia’s natural gas export risk index that only includes oil export markets (HHIR) The HHIR 

expresses an upward trend prior to 2007 and then a wavy downward trend until 2009, after which it 

experiences another upward trend (figure 4). Before 2007, Russia’s natural gas exports exhibited a 

trend of concentration. As the target of natural gas exports diversified, the number of Russian natural 

gas export countries increased from 18 in 2008 to 29 in 2009. As a result, the Russian natural gas 

export risk index plummeted in 2009. The rapid, high concentration of export targets caused the 
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Russian natural gas export risk index to rebound from 2010 to 2011. The HHIR continued to rise 

slowly between 2012 and 2016.  

 

 

Figure 2. The distribution of China's natural gas import sources. 

 

 

Figure 3. OP for the period from 2005 to 2016. 

3.2.2. Russia’s natural gas export risk index that includes natural gas export markets and natural gas 

import potential（HHIR-PI）From 2005 to 2016, the HHIR-PI showed a wave-shaped downward 

trend and two M-type evolutions. It peaked in 2007, 2009, 2012, and 2014 and then experienced a 

downward trend. In 2020, the HHIR-PI was relatively stable (figure 4). Comparing the HHIR and the 

HHIR-PI, the import potential of Russian natural gas export targets has an important impact on 

Russia's natural gas export risk. Before 2007, the HHIR-PI experienced steady growth because the 
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demand for natural gas in Russia’s main export destinations was gradually decreasing. In 2009, 

affected by the financial crisis, the global economy was in trouble and energy demand declined 

substantially. due to factors such as the shale gas revolution from 2010 to 2012, the main export 

destinations of Russian natural gas were still exhibiting a downward trend. Since 2014, international 

gas prices have fallen rapidly, thereby stimulating the consumption of natural gas resources. From 

2005 to 2016, with China maintaining a strong demand for natural gas resources, natural gas 

consumption and natural gas imports continued to rise. 

 

 

Figure 4. HHIR, HHIR-PI and HHIR-PI-

OP for the period from 2005 to 2016. 

3.2.3 Russia’s natural gas export risk index that includes natural gas export market, natural gas 

import potential and natural gas price（HHIR-PI-OP）Before 2008, the HHIR-PI-OP exhibited a 

wavy downward trend, mainly because of the significant increase in international natural gas prices 

between 2005 and 2008. The positive effect of the decline in natural gas export risks strengthened the 

positive effects of the rising import potential of major natural gas exporting countries, while the risk to 

Russian natural gas exports plummeted. However, in 2009, affected by the financial crisis, 

international natural gas prices fell, resulting in a sharp increase in the Russian natural gas export risk 
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index. Since then, international natural gas prices have rebounded. Another sharp decline in 

international natural gas prices greatly increased Russia’s natural gas export risk index in 2014. In 

2015, the positive effect of the rebound in import potential was completely offset by the negative 

effects of the collapse in natural gas prices. In 2013, the HHIR-PI-OP began to increase and this 

continued until 2016. 

 

 

Figure 5. The distribution of Russia's natural gas export markets. 

3.3. Prediction of the impact of Sino-Russian natural gas cooperation on the natural gas trade 

between the two countries under the background of “The Belt and Road” 

In accordance with the natural gas cooperation agreement made by the Chinese and Russian 

governments and the related plans, progress continues with respect to the China-Russia natural gas 

pipeline construction and the China-Russia Arctic natural gas cooperation development project. By 

2020, China will be importing up to 68 billion cubic meters of natural gas and 4 million tons of 

liquefied natural gas per year from Russia, totaling approximately 74 billion cubic meters of natural 

gas. Under the premise that the same amount of natural gas trade continues with other countries, by 

2020, China will become Russia's largest natural gas export market, and Russia will become China's 

largest natural gas import market. 

4.  Conclusion 

China's main natural gas import sources are increasingly widespread, the concentration of natural gas 

imports has gradually decreased and the HHIC is experiencing a downward trend. Among these 

points, the rising proportion of China's imports of natural gas from Russia has had an important impact 

on balancing the sources of natural gas imports in China; China's HHIC-PE exhibited a wavy upward 

trend after hitting a low in 2008. Then, after peaking in 2013, it experienced a slight decline in basic 
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stability; HHIC-PE-OP experienced a decline, then an increase and then another decline, which 

indicates that international natural gas prices have a huge impact on China's natural gas import risks. 

At the end of 2017, an insufficient natural gas supply in China caused prices to soar and the natural 

gas supply to become extremely unstable. In the next few years, China will increase the amount of 

natural gas it imports from Russia. In accordance with the Sino-Russian gas cooperation agreement 

and related plans, by 2020, Russia will become the largest exporter of natural gas to China.  

Russian natural gas export targets experienced trends of concentration, dispersion and 

agglomeration. Among Russia’s export targets, the natural gas exports to China, when considering the 

proportion of total Russian natural gas exports, revealed an initial decline and then a continuous 

increase. To a certain extent, this single trend has an impact on the security of Russian natural gas 

exports; The HHIR-PI presents two M-type drops; In recent years, international natural gas prices 

have fallen, and there are obvious side effects on Russia’s natural gas export risks; Under The Belt and 

Road initiative and the construction of the China-Mongolia-Russia Economic Corridor, the Sino-

Russian gas pipeline was built and ventilated and the Sino-Russian joint development of natural gas 

projects in the Arctic region was implemented. While Russia’s gas exports will be more concentrated 

in China, the export risks will not increase too rapidly because China's strong demand for Russian 

natural gas has an important impact on offsetting the negative effects of rising export risks caused by 

the falling demand for natural gas in other countries. 
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