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Introduction 
 
Since the start of its economic reforms under Deng Xiaoping in 1978, China has witnessed a unique 
transformation from a socialist system to one of the world's biggest economies. Over the past 
decades, the country has seen unrivalled growth that caught the attention of many analysts.  
At the same time however, this growth has made China one of the world's biggest energy consumers 
which has forced its leadership to face the question of how to fuel it. Until 1993 China was self-
sufficient in terms of its energy needs but almost two decades later, its total primary energy 
consumption has grown to the extent that the country -previously a net exporter of oil and coal- has to 
rely on international markets to meets its demand for oil, gas and coal. The country's appetite for 
energy has now reached a level that makes access to supplies an increasingly important priority 
which its leadership cannot neglect.  
In light of soaring demand and rising ecological problems, the focus of China's leadership regarding 
energy security has now shifted from pure supply expansion to also tackling both domestic demand 
and the country's energy mix towards a more diversified portfolio. These shifts in policy focus are 
visible in the reduction targets for both energy intensity and pollution in the five-year plan currently in 
place aswell as in the implementation of the recent 4-trillion yuan stimulus package following the 
recent international financial crisis.. 
This paper attempts to analyse China's current energy security situation in terms of coal and its 
leadership goals from a domestic point of view. Furthermore it will examine the prospect of policy 
changes to achieve these goals through coal-related policies. The focus of this paper is on coal, 
because it is the country's most prevalent energy resource and domestic demand is not influenced by 
factors like capacity limitations (gas) or international politics (oil). Part 1 will present and examine the 
country's current energy balance, policies and understanding of energy security. Part 2 will assess 
current and prospective domestic measures that may lead to an improvement of China's energy 
situation and examine energy conservation through price by creating a demand scenario for coal 
using an AR(1) type model. In the concluding section the paper will attempt to offer some 
observations and implications about the prospects of future policy or technological shifts. 
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Current Situation 
 
Although demand on a per capita level remains well below the level of developed nations, Chinese 
energy demand has dramatically increased following its economic expansion. The increased hunger 
for energy is believed to have caught the country's leadership aswell as international analysts off-
guard. Both domestic and international forecasts assumed that growth in Chinese GDP and energy 
demands would rise on a moderate level due to a structural adjustment from energy-intensive heavy 
industry towards other areas (Rosen 2007). Recent economic data however has disproved these 
assumptions as total primary energy consumption soared after 2001 far beyond forecasted levels 
driven by energy consumption of an increasingly wealthier population and gigantic infrastructure 
development projects.  
 

 
Fig. 1: Total Primary Energy Consumption 1989-2005 in Mtoe (Source: China Energy Group, China Energy Databook v.7.0) 

 
In light of these developments, the CCP now faces the question of how it can obtain enough energy 
resources to sustain China's economic developments as well as to protect its core objectives. 
 

China's Energy Balance 
Since the beginning of Chinese industrialisation, economic growth in China has been fueled by coal. 
According to data provided by the World Energy Outlook 2009 of the International Energy Agency, 
about two thirds of its total primary energy demand in 2007 was met by coal alone with some 
additional 18  percent stemming from oil. In recent years China has made considerable efforts to 
diversify its energy portfolio; however these sources including gas (3%), nuclear (1%) and renewable 
energies (12%, including hydro, wind, solar and biofuels) as yet only account for 15 percent of the 
country's energy mix. 
 

 
Fig. 2: China Primary Energy Demand in 2007 and 2020, by Type (Source: IEA, World Energy Outlook 2009) 

 
Despite considerable amounts of potentially exploitable hydro, wind and solar energy, the IEA 
projected coal to hold a majority share in China's energy mix for the coming decade.  
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Coal Usage 
Both coal consumption and production have seen a tremendous increase in the recent years with 
main drivers of demand being thermal power generation and industrial use. Considering industrial use 
of electricity, the industrial sector and especially the energy-intensive heavy industries like aluminium, 
cement or steel were accountable for over 70 percent of China's final energy consumption (China 
Energy Group 2008). 
 

 
Fig. 3: China Coal Consumption 2006, by Sector (Source: IEA, World Energy Outlook 2009) 

 

Coal Consumption 
In the years since 2000 China's production in steel, aluminium and cement have jumped 
tremendously. In 2006, China was the world's biggest producer of crude steel, aluminium and cement 
with shares of 36%, 34% and 50% respectively (China Energy Group 2008) whereby most of its 
domestic production in steel and aluminium have been exported. This leads to the conclusion that a 
great share of industrial coal and coal-based power consumption was not led by domestic but 
international demand.  
In the electricity sector, the major coal consumer, coal accounted for 96.9% of electric fuel 
consumption in 2006 while usage of crude oil has almost diminished (China Energy Group 2008). Due 
to heavy investments by the government and improved technologies, efficiencies of thermal power 
have been improving steadily. Nonetheless overall consumption has risen with increases in capacity 
and electricity demand. 
 

Coal Production 
Coal production in China is undertaken by mining operations that can be divided into three types 
based on their ownership structures and size: large centrally state-owned mines, mid-sized locally 
state-owned mines and small locally township and village owned mines (TVOM). In contrast to their 
larger state-owned analogues, setup of TVOM's is relatively easy due to less strict controls and 
simple organisation. Because of this, production numbers of TVOM's are more volatile and have been 
mostly driven by short-term demand. Due to lack of control mechanisms and outdated production 
techniques TVOM's are considered to be largely inefficient in terms of production yield and quality. 
Further disadvantages of TVOM operations include heavier environmental damages and lower safety 
compared to their bigger counterparts (Ni 2009, ). 
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Energy Security in a Chinese Context 
Significant increases in both demand and market prices have moved the issue of energy security into 
the focus of both analysts and politicians. In their series on energy security published by The 
Brookings Institution, Erica Downs identified the three main aspects of the issue to be the adaequacy, 
affordability and reliability of energy supplies (Downs 2006). 
In the past, much emphasis was put on the international acquisition and delivery of oil and gas, both 
resources China itself does not posses or can not produce in sufficient amounts. Due to the current 
lack of substitute fuels for transportation and military power projection, supply expansion and delivery 
security of oil as the only energy source for transportation and military usage still represents a central 
issue in Chinese foreign policy making. 
Nonetheless most of the country's energy demand and especially its power consumption is met by 
coal, which although domestically present in sufficient amounts represents a significant variable in 
China's energy security question. Reformulating the energy security in terms of coal, the challenge is 
how to provide the Chinese society with a steady and sufficient supply of domestic, coal-derived 
energy at an affordable cost taking both economic and ecological aspects into consideration. 
 
The majority of China's easily recoverable and higher quality coal reserves are located in northern and 
northwestern China from where it needs to be transported by rail across the country for either export, 
local conversion, power generation or use. In 2006, the cumulative amount of coal and coal-derived 
coke accounted for over 37% of total railway freights across the country compared to an average of 
less than 33% over the last two decades indicating an increase in share despite growing investments 
and developments in the transportation sector.  
 

 
Fig. 4: Share Energy Freights of Total Freights 1980-2006 (Source: : China Energy Group, China Energy Databook v.7.0) 

 
Railway transportation is considered by many to be a main bottleneck for coal-based energy supply 
(Ni 2009, Downs 2006, EIA 2009). Coupled with inefficient conversion practices currently in place this 
could well endanger China's self-sufficiency in coal energy by seeing demand not exceeding reserves 
but outgrowing national supply chain capabilities. 
 
In the face of having to maintain economic growth while coping with reliability and affordability of 
supplies, demand moderation has moved into the focus of the Chinese leadership. Policies have now 
shifted to also include promoting a more efficient production and better use of existing energy 
supplies. 
 
 
 
 
 
 
 
 
 
 



 6 

Chinese Policies in Place 
Recognising the importance of more efficiency and sustainability in domestic coal usage, Chinese 
policy making in the recent years has taken three major directions: Consolidating supply sources, 
improving conservation policies and controlling export-oriented production of energy-intensive goods 
through taxation. 
 

Production 
Current development policies for producers are mainly guided by strategies set in the 11th Five-Year 
Plan. According to the plan, the government's future focus is on the support of large mining operations 
that can offer higher productivity, safety standards and less environmental damage(Ni 2009, Yan 
2006). A major goal is reducing small TVOM's production share and formation of large state-owned 
enterprise groups through which the government can assert more control over the domestic market by 
forming an oligopoly or a quasi-monopoly as seen today on the example of Chinese oil companies. 
 

Consumption 
At the same time efforts have also been made, by improving the national legal and regulatory 
framework, to promote higher usage efficiency. Examples are the establishment of minimum energy 
efficiency standards for industry sectors and revision of the organisational framework of regulatory 
bodies. Moreover, a taxation on coal resource has been imposed nation-wide. 
 

Import/Export 
Finally, the Chinese government has changed its taxing policies for import and export of coal as well 
as a variety of energy-intensive products and their raw materials in order to reduce the output of 
export-oriented and energy-intensive industries (Ni 2009). While value-added taxes on imports of coal 
and coke have been slashed, rebates on exports have been subsequently eliminated throughout the 
period 2004 - 2006 and finally, in 2006, export taxes were imposed. Furthermore China has nullified 
export tax rebates and imposed taxes on a range of energy-intensive, ressource-rich products in 
2007. 
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Demand Moderation: Analysing possible Mechanisms 
 
In this section, the paper attempts to analyse previously described changes in policies already put into 
place as well as a prospective way to moderate demand of coal-derived energy. Furthermore, actual 
demand is analysed based on historical data from China Energy Databook, Bloomberg and IMF by an 
AR(1) type model. 
 

Ways of Managing Energy Demand 
As a discussion of current Chinese policymaking shows, the government intends to moderate coal 
demand and promote higher usage efficiencies through its taxation policies.  
 

Export taxation on heavy industry products 
From a domestic producer's point of view, elasticity of short-term demand on international markets are 
fairly high. Through tax incidence, the producer will be forced to supply lower quantities of the good. 
 

 
Fig. 5: Export Tax - Tax incidence on producer side 

 

Coal resource taxation 
China abandoned coal guidance prices for most usages in 1994 and in 2005 for power generation. 
Therefore, the domestic coal market can be viewed as competitive in terms of pricing. By imposing a 
resource tax on coal the government intentions are to either lower coal production or amount 
demanded by coal consuming and power generating industries. Both seem in line with the overall 
strategy intended for reducing the number of small-size coal producers as well as moderating demand 
by lowering consumption or -more likely- enforcing more efficient usage. 
 

 
Fig. 6: Coal ressource Tax - Tax incidence on either side 
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Emission quotas & Emission trading scheme 
The Chinese quota-based emission trading as already implemented in Europe and the US is still in its 
infancy. However, by limiting the annual amount of emissions, China would have the possibility to 
regain control over its domestic energy demand. In contrast to the current mostly CO2-based schemes 
in Europe, a Chinese scheme would also have to specifically tackle typical emissions from industrial 
coal usage and thermal power generation e.g. SO2 as implemented in the 1990s under the Acid Rain 
Program in the US. If implemented, energy demand could shift away from demand for simple 
quantities of coal towards demand for higher usage efficiency. 
 

 
Fig. 7: Production Quota on Emissions 

 

Price-Based Energy Conservation - A Scenario Analysis for Coal 
The discussion in previous sections has highlighted the Chinese government's intentions of enforcing 
higher usage efficiency through increases in usage costs. The author believes that this indicates a 
certain dependence between the opportunity costs that arise from efficiency losses and the price of 
the underlying commodity (coal). As can be seen in Figure 8, coal consumption per unit GDP and the 
domestic average annual coal price show a certain degree of inverse linear relationship. In order to 
examine the interdependence between coal price and efficient use of energy for value creation, the 
paper proposes an AR(1) type model. 
 

 
Fig. 8: Energy Intensity and Domestic Average Coal Price Index 

 

Model Equation 
In order to examine the relative demand for coal in GDP creation, the paper proposes following 
model: 
 
(1) EIt = TPECt/GDPt = α + β*EIt-1 + γ*GDPt + δ*Pt 
 
EI:  Energy intensity 
TPEC:  Total primary energy consumption (Coal) 
GDP:  Gross domestic product (inflation-adjusted) 
P:  Coal price index (Annual average price, 1980 = 100) 
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Data and Assumptions 
China's energy balance has shown that coal was and is expected to represent a sizeable and 
relatively stable proportion of China's energy sources. Because of this, value creation measured by 
GDP is believed to be coal-based. Furthermore, it is assumed that efficiency levels, once achieved 
during a period will serve as a starting point for following periods. 
 
Datasets for energy consumption and coal prices have been obtained from the China Energy 
Databook v.7.0. Economic data was provided by the International Monetary Fund's World Economic 
Outlook Database and daily price data for spot coal at Qin Huang Dao port from the Bloomberg 
databases. 
 

Results and Indications 
As can be seen in Table 1, in-sample tests indicate correlations between energy intensity and GDP as 
well as coal price that are significant on a 5% level. Furthermore significant first order autocorrelation 
has also been found. 
 

VARIABLE VALUE SE t-VALUE p VALUE 
α -0.03717667 0.02285995 -1.62627949 0.11813027 
β 1.00363600 0.03173386 31.62665708 0.00000000 
γ 0.01567969 0.00474238 3.30628819 0.00321377 
δ -0.01172292 0.00504595 -2.32323186 0.02980503 

Tab. 1: Regression Results AR(1) model 
 

 
Fig. 9: Energy Intensity, real vs. fitted values (in-sample test) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 10 

Using the regression results, multiple price scenarios have been examined for their influence on the 
development of domestic energy intensity. Prices starting from the last index point have been 
assumed to grow in a constant manner by 10, 12.5, 15 and 17.5 percent annually and IMF forecasts 
for GDP were used. As can be seen in Figure 10, the model forecasts dramatic increases for growth 
rates in price below 15 percent.  
 

 
Fig. 10: Modelled Energy Intensity under Hypothetical Price Scenarios 

 
Another scenario with more modest results was assessed using growth rates of real year-average 
prices at Qin Huang Dao port, the largest coal terminal in China. To increase the model validity, the 
short-lived rally and following fall of commodity prices in 2008 has been replaced by an hypothetical 
average value from 2007 and 2009. Since reference values from 2007 onwards were not published, 
only results from 2001 to 2006 were compared with the actual values.  
 
In both scenarios, with real and hypothetical year-average prices respectively, the previously 
calibrated model shows a decline in energy intensity per unit GDP generated. As expected, by 
averaging down the price bubble of 2008, a more modest value was achieved which is believed to be 
more in line with the actual level as implementation of more efficient technology is not expected to 
jump together with a short-term price peak.  
 

 
Fig. 11: QinHuangDao Spot Price - Year Average (Actual Spot Price adjusted for 2008) 

 

 
Fig. 12: Modelled Energy Intensity with real and corrected average spot prices 
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Conclusion 
 
Despite technological improvements and increasing investments in alternative areas, China will most 
likely continue to be a coal-based society. However, this does not necessarily imply a threat to the 
country's energy security. In the recent years, China's leadership has demonstrated it's awareness of 
the importance of sustainable and efficient ressource usage is for the country's continued raise to 
power through various policy actions and investments. The government seems to have realised that in 
order to provide the country with a continuous stream of low-cost ressources a balance has to be 
found between external expansion of supplies and their dilligent use at home. By tightening controls 
on in- and export of energy-intensive goods and their raw materials, the authorities have made a first 
step towards moderating the country's energy demand. Future developments in regulating the 
country's commercial activities could shift it away from its status of being the workbench of the world 
thereby limiting energy consumption to levels that reflect domestic needs. 
Furthermore, with continued investments and technological progress, technologies like Carbondioxide 
Capture and Storage and Combined Heat and Power Generation will become available on a large 
scale. These new technologies together with an improved infrastructure for energy transmission and 
innovative policies like emission trading could even out the disadvantages of coal-reliance by 
moderating China's hunger for pure ressource quantity.  
Finally, costs related to coal consumption also appear to represent a major driving factor that cannot 
be neglected. Our model indicates that efficiency in energy usage for wealth generation could steadily 
increase over time if the growth rate of coal prices remains on current levels. However, current 
pressure from the US, China's major trading partner to discontinue its currency peg and the following 
appreciation of the RMB may lead to challenges, if it would mean having lower coal prices in the long 
term. 
China still has a long way to go to achieve sustainability. In 2011, the Chinese National Congress and 
the Central Comitee will release the 12th Five-Year Plan that will guide China's economy for years to 
come and it is yet left to see how. 
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