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China’s Coal Industry: Resources, Constraints, andExternalities

Contents
EXECULIVE SUMIMEIY ...ttt s e e e e e e e e e e e e et e eeettbbbba e a e e e e e e eeeeeeeeeeeeensnnnnnnnns 4
T O 1Y 4= PP PPPPPPPPPPPPP 5
Il. China Coal Resources and ProdUCTION ...........oouiiiiiiiiiiiiaae e 5
2.1, RESEIVE ESHIMALES .....cciiiiiiiiiiit ettt e e e e e e e bbbt r e e e e e e e e e e eaeeaesaenaaannnes 5
2.2. Reserves by location, quality, and depth ... 7
ARG T o (oo [N Tox 1 o] 0 I o) VA oo Y= LN 1Y/ 1= 00 9
2.4. Production by mine OWNEISHIP ....coooiiiiiiieee e e e e 10
2.5. Water resources and reqUIrEMENTS........cooiiiiieeuiriiiiiieas e ee e e e e e e e eeeeeeeearrranna e e e eaeaaaeeees 12
2.6. International coal prices and trade.........ccoooe i 12
[, Chinese Coal DeMANG ..........uuuuiiiiiiiiiiiiiiii e e e e e e e e e e e e e e e e e s e s s aaannanes 14
3.1. Actual and forecasted COAl USE .........cooiiiiiiiiiiiiii e 16
3.2. Drivers of demand: urbanization, heavy industry, and rising income........................ 17
G0 T =0 1V /=T o =T =T VT PSPPSR 19
3.4. Coking coal for iron & steel ProdUCTION .........cooiiiiiiiiiiiii e 26
3.5. Cement and building MaterialS .............uuuuiiiiiiiii e e e 26
3.6. Coal-to-liquids and coal-to-chemicals...............uuuiiiii e 27
3.7. Demand OULIOOK SCENAIIO. .....uuuuiiiiiiiiiiiiiieee et e e e e e e e e e e e e e e e e 27
IV.  Coal Supply Constraints, Substitution Options, and Externalities................ccccvvviinnnnns 28
4.1. Constraints to eXpanded SUPPIY .....uue e e e e 28
4.2. Demand-supply gap under three SCENArioS ..........cooiiviiiiiiiiiiiiiiieeee e 33
G T e U= I 1L o 1] o PP 34
4.4. Environmental @XIerNalitieS ........cooooii oo 36
V. CONCIUSIONS ...ttt e e oo ettt ettt ettt e e e e e e e e e e e e e e e e e e e a i babbbbbnesee e 39
] (=] =T o =T PSS RRRPPPPPP 40



Executive Summary

China has been, is, and will continue to be a coal-powered economy. In 2007 Chinese
coal production contained more energy than total Middle Eastern oil production. The
rapid growth of coal demand after 2001 created supply strains and bottleneckise¢hat ra
guestions about sustainability.

Urbanization, heavy industrial growth, and increasing per-capita incontieespemary
interrelated drivers of rising coal usage.

e In 2007, the power sector, iron and steel, and cement production accounted for 66%
of coal consumption.

e Power generation is becoming more efficient, but even extensive roll-out of the
highest efficiency units would save only 14% of projected 2025 coal demand for the
power sector.

e A new wedge of future coal consumption is likely to come from the burgeoning coal-
liguefaction and chemicals industries. If coal to chemicals capaeithes 70
million tonnes and coal-to-liquids capacity reaches 60 million tonnes, coal fdedstoc
requirements would add an additional 450 million tonnes by 2025.

e Even with more efficient growth among these drivers, China’s annuatleoand is
expected to reach 3.9 to 4.3 billion tonnes by 2025.

Central government support for nuclear and renewable energy has not reverséd China
growing dependence on coal for primary energy. Substitution is a mattedef s

offsetting one year of recent coal demand growth of 200 million tonnes would require
107 billion cubic meters of natural gas (compared to 2007 growth of 13 BCM), 48 GW of
nuclear (compared to 2007 growth of 2 GW), or 86 GW of hydropower capacity
(compared to 2007 growth of 16 GW).

Ongoing dependence on coal reduces China’s ability to mitigate carbon dioxide
emissions growth. If coal demand remains on a high growth path, carbon dioxide
emissions from coal combustion alone would exceed total US energy-related carbon
emissions by 2010.

Within China’s coal-dominated energy system, domestic transportation hegedmns

the largest bottleneck for coal industry growth and is likely to remain d@raormgo

further expansion. China has a low proportion of high-quality reserves, but is producing
its best coal first. Declining quality will further strain production and fprariscapacity.
Furthermore, transporting coal to users has overloaded the train systeraraataly
increased truck use, raising transportation oil demand.

Growing international imports have helped to offset domestic transport bottlerecks.
the long term, import demand is likely to exceed 200 million tonnes by 2025,
significantly impacting regional markets.



I. Overview

This study analyzes China’s coal industry by focusing on four related dfeat data are
reviewed to identify the major drivers of historical and future coal demandn&e®esource
constraints and transport bottlenecks are analyzed to evaluate demand ahdgeoarios. The
third area assesses the physical requirements of substituting coaddgroath with other
primary energy forms. Finally, the study examines the carbon- and envir@ahimgpltcations

of China’s past and future coal consumption.

The following three sections address these areas by identifying partbalracteristics of

China’s coal industry, quantifying factors driving demand, and analyzing ssqggharios.

Section two reviews the range of Chinese and international estimates of ngntaial reserves

and resources as well as key characteristics of China’s coal industidimgchistorical

production, resource requirements, and prices. Section three quantifies thedlargesof coal

usage to produce a bottom-up reference projection of 2025 coal demand. Section four analyzes
coal supply constraints, substitution options, and environmental externalitiety, Fivealast

section presents conclusions on the role of coal in China’s ongoing energy and economic
development.

II. China Coal Resources and Production

It is widely agreed that China possesses the third largest coal resoutoesvorld, behind the
United States and RussiaHowever, there is no such consensus on the precise extent or
availability of China’s coal resources. Estimates vary among Chindsetarnational sources,
in reference to differing types of coal, and due to confusion of reserve and restagmies.

2.1. Reserve estimates

China’s reserve estimates have declined significantly from eadPhz@6tury estimates of as high
as 1 trillion tonnes in the 1920s. Reserves estimates fell from 700 billion tonnes in the 1950s to
300 billion tonnes in the 1970s. After a series of extensive national resource sGhiags,
reported their reserves to the World Energy Council (WEC) as 114.5 billion tonnes in 1892. T
WEC has continued to use this number in spite of more than 25 billion tonnes of Chinese
domestic coal consumption in subsequent years. The implication of the WEC'’s &seprer
estimate is that resources have been converted into reserves at a raie auuahl|
consumption—or that the central government has not formally reported revisedrswuifibe

WEC reserve estimate is commonly cited in other references, includiagrioal BP Statistical
Review of World Energy. In 2003, based on a new national survey of resources, China’s
Ministry of Land and Resources released an updated estimate of 189 billion tonrasatota
reserves. Figure 1 displays China’s coal resource and reserve estimates, fronilib83drines

of indicated economically-viable coal, 326 billion tonnes of reserve base, on to a 1,021 billion-
tonne estimate of total resourcehe reserve base encompasses all identified resources that
meet the physical and economic criteria for extraction as well as treidgaive potential for

! World Energy Council. 2007 Survey of Energy Resear London: WEC Press.

2 MLR. 2003.National Coal Resources and Reserves Circubaijing: MLR, cited in IEA. 2009Cleaner Coal in
China Paris: IEA.

% Ghee Peh, Wei Ouyang. (2007BS Investment Research: China Coal Se¢tot January 2007;
www.ubs.com/investmentreseayGiNBS. 2007 China Statistical Yearbook 200Beijing: NBS Press.
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becoming extractable in a time horizon beyond proven technology and current economic

conditions.

Figure 1: China Coal Resources and

Reserves, 2008
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According to the National Bureau of Statistics (NBS), coal completelyrdaes China’s fossil

fuel reserve base. Figure 2 illustrates the energy content of the rease& il & ;

translated in Chinese sources as “ensured reserves”) of coal, oil and regypabtished in the
2008 China Statistical Yearbook. Here NBS reports a reserve base of 2.8 billiondbnnes
petroleum and 3 trillion cubic meters of natural gas, along with the coaledsase of 326

billion tonnes raw coal. For China, coal constitutes 97% of the fossil fuel résesgdy energy
content; in contrast, in 2007, the WEC estimated that 62% of world conventional fossil fuel
reserves were coal by energy content; 19% were oil, and 19% natural gas.

* Data are sourced from the Ministry of Land anduxetResources and NBS. Display sourced from
http://fti.neep.wisc.edu/neep533/SPRING2004/le &upéf.
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Figure 2: Energy Content of China’s Fossil Fuel Resve Base, 2007
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2.2. Reserves by location, quality, and depth

Most of China’s coal reserves are concentrated in the northern provinces of Shdnkieand
Mongolia. Southern coastal areas with the highest GDP growth, such as Guaagddngjian,
are among China’s least coal-abundant provinces. Map 1 illustrates thecpabdistribution of
indicated economic reserves according to the Ministry of Land and ResourcesuP@®3 S

Three provinces were estimated to have indicated economic coal reseavésast 15 billion
tonnes. Shanxi province has the richest coal endowment in China—almost 59 billion tonnes.
Inner Mongolia trails Shanxi with an estimated 47 billion tonnes. Shanxi’snwestghbor
province, Shaanxi comes in a distant third place with an estimated 16 billion tonnesateohdic
economic coal reserves.



Map 1: China Provincial Coal Reserves (Mt), 2003
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The quality of China’s coal production ranges from 3,446 kcal/kg in Guangxi to 6,245 kcal/kg
for Ningxia coal> China’s highest quality coal reserves are concentrated in the four provinces of
Gansu, Ningxia, Shaanxi, and Shanxi. On a national level, 54% of China’s coal reserves ar
classified as bituminous coal by volume, versus 29% sub-bituminous and 16%’ligtiszxi
province in Northern China accounts for 31% of China’s indicated economic reserves. In
addition to being the most plentiful, Shanxi coal is among the country’s highest qualitagave
provincial calorific values are 6,242 kcal/kg, versus the national average of 5,3%Q.KCh#

average heating value for American coal is 5,600 kcal/kg.

The average depth of China’s coal mines is 456 meters. Whereas northern China log$ the m
abundant and highest quality coal, Xinjiang province (in far western China) hashaotealf of
coal reserves located less than 1,000 meters below the surface. Only 27% of nortiesa Chi
coal is located less than 1,000 meters below the surface, compared to 40% of toss Gulfie
Mines in eastern China are particularly deep, with an average depth of 60Q Métessgh the

®> Ghee Peh, Wei Ouyang. (2007BS Investment Research: China Coal Sedtf January 2007;
www.ubs.com/investmentreseaych

® World Energy Council. 2007 Survey of Energy Resesar London: WEC Press.

"IEA. (2007)World Energy Outlook 2007

8 Pan Kexi. (2005) “The Depth Distribution of ChieeBoal Resource,” Fudan University, School of Socia
Development and Public Policy. August 22, 2005.




average sulfur content of Chinese coal ranges up to 5%, it increases with depth irhmath C
suggesting that sulfur content will rise over tilm@ue to deep coal resources, more than 90% of
Chinese mines are pithead mines, compared with less than 40% in the United Statal&g Aust
and India. The dominance of pithead mines in China lowers the coal recovenydrateraases
extraction costs relative to open-pit mining.

2.3. Production by coal type

Since 1980, China maximized its high-quality coal production by primarily iiog s
extraction of bituminous coal, with lower production growth of anthracite, lignite awvehbroal.
While bituminous coal is estimated to comprise 54% of China’s coal reservegutheous
share of total production varied from 73% to 78% between 1980 and 2®0éure 3 illustrates
the growth of bituminous, anthracite, and lignite production.

Figure 3: Raw Coal Production by Type of Coal, 198@006
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Note: production data are reported by coal quadither than end use; 1998-2002 production data €bma Coal
Industry Yearbook have not been revised to accattal nevised aggregate production numbers (as shywhe
dotted line, for which coal quality is unknown).

As illustrated in the figure above, China’s production of bituminous coal has risenysteéti
comparable increases in both coking-grade bituminous coking and lesBsrgjttaninous coal.
As the largest share of total coal production, bituminous coal consisted of 76% of @itala’s

° [EA. (2007)World Energy Outlook 2007
1% World Energy Council. 2007 Survey of Energy Resesr London: WEC Press.
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coal production in 2006. With the exception of the late 1990s contraction, bituminous coal
production has increased each year, rising from 467 million tonnes in 1980 to 1,785 million
tonnes in 2006. During this period, an average of 47% of China’s total coal production was
composed of coking-quality coal while 30% composed of other general bituminous coa. Ther
were no major fluctuations in the relative proportions of coking and other generahioitism

coal until 2004 when the coking-quality share of total production began to diminish.

Anthracite coal production follows bituminous coal production with an approximately 2% sh
of total production throughout the same time period. Its production volume increased nearly
four-fold from 129 million tonnes in 1980 to 442 million tonnes in 2006. This was followed by
the production of lignite and brown coal, which also increased four-fold in production volume
from 24 to 105 million tonnes. Whereas lignite and brown coal accounted for 4% of tdtal coa
production in 2006, China’s coal reserves are estimated to be 16% lignite by ¥blume

2.4. Production by mine ownership

Unlike the relatively steady trends in the production shares of coal types, tee shdifferent
types of coal production ownership in China has changed drastically since 1980. Oweerall, t
production share of centrally administered state-owned mines has decreanesfrare of
56% in 1980 to 47% in 2005, while the shares of collective and private mines have both
increased. In parallel with centrally-administered mines, sharesabfsiate-owned mines have
decreased, falling from its highest share of 26% in 1980 to its lowest share of 14% in 2005.
Among different types of local state-owned mines, provincial mine ownership ¢tr@éssied the
most, followed by prefectural and county ownership. Government policy influences the
collective and private mines’ share of production through regulation of mirtg,gaf@duction
volume, and coal quality. The ongoing lack of coordination among smaller private mines
accounts for China’s relatively low resource extraction rates.

" World Energy Council. 2007 Survey of Energy Resear London: WEC Press.
10



Figure 4: Coal Production by Mine Ownership, 1980-206
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Source: Coal Industry Yearbook, various years; €l8tatistical Yearbook, various years.
Note: mine ownership data are from the Coal Inguggarbook, which has not published any revisi@usglitional
production is likely to have come from collectivadgprivate mines.

In terms of output production growth, the average annual growth between 1980 and 1995 was
low for centrally administered state-owned mines and even lower fordtatalowned mines.

Local state-owned mines’ coal production, in particular, often undemegyative annual growth.

In contrast, average production growth for collective and private mines wakigkryefore

1996 and almost all of the gains in national coal production can be attributed to thesd henes
growth in production output from collective and private mines during this period resarigedyl
from many households responding to the government’s encouragement for small mines

China’s 11" Five-Year Plan presented targets for coal industry restructuringforchrby 2010.

Most of these targets are oriented towards industry consolidation and incrémsencgf Lack

of technology among small Township and Village Coal Mines (TVCM) partialijaens their

very low average extraction rate of approximately $5%IDRC-mandated mine closures were
expected to reduce production by 200 million tonnes—perhaps a reason that mines were re-
opened in 2008 as national supply tightened. Industry consolidation and mechanization are
central efforts in the NDRC'’s target of raising average recovéeg feom the 2005 official

national average of 46% to 50% by 2010Closure of smaller mines is a key component of the
Eleventh Five Year Plan. In 2006, the National Development Reform Commission (NDRC)
announced that only mines producing at least 300,000 tonnes per year would be considered for

12 |nternational Energy Agency (IEA). 200/orld Energy Outlook 200Paris: IEA.

13 National Development Reform Commission (NDRC). 200" Five Year Plan on Energy DevelopmeibRC,
Beijing. Separate media reports indicate that tteah recovery rate may be lower. One reportgf@mple, says
that China’s average coal recovery rate is 30%onatly and 40% in Shanxi province
(http://www.cnmn.com.cn/Show_26346.a$px
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approval; the NDRC has also announced that it intends to reduce the number of smat mines
10,000 by 2018% However, local officials are more severely punished for mining accidents and
safety violations than low recovery ratéghis dynamic has limited the government’s control of
small mines and highlighted tradeoffs between improved aggregate anadmerates and local-
scale investment and regulatory costs.

2.5. Water resources and requirements

China’s average per-capita water availability is 2,360which is approximately one-third

world average. While coal reserves and production are concentrated in the nagl iater
resources have posed problems for increased production and coal washing. North Chima contai
the vast majority of domestic coal reserves and more than half the population; hakever

region has access to only 20% of national water resources. Average per-ctgia/aitability

in North China is 271 fh—one eighth the national average and 1/2& world averagt® As a

result of imbalanced rainfall distribution, North China has an arid climaésents naturally dry
conditions were worsened by repeated droughts in the 1990s. The water shortage psoblem ha
been exacerbated with increased coal mining as well as increased demnaadyfiowing

population in the north. In contrast, southern China has ample water resources and often faces
the threat of annual flooding.

As for China’s mining industry, it has been estimated that the extraction of 1 torwed of ¢
requires 53 — 120 liters of water, depending on the location and depth of tfé aal.
additional 4 tonnes of water is needed for coal washing, which can reduce sulfur andigperti
content while increasing energy content of raw coal. As a result of highnegterements, the
portion of washed coal production has remained low. Finally, water is also neededlifuy,c
beneficiation, and other plant operations within thermal electric powesplahe unit water
requirement of coal-fired electricity generation is estimatéd164 ni/GJ, compared to 0.109
m?/GJ for natural gas fired electricity generattdn.

2.6. International coal prices and trade

In parallel with the surge of energy consumption after 2001, domestic Chinese cesinpoved

from stable levels under $40 per tonne to more than $70 per tonne for coking coal in 2006. From
1998 to 2002, domestic prices for steam and coking coal varied between $26 and $38 per tonne.
As illustrated in Figure 5, domestic steam and coking prices have riseadilyssence 2002,

with steam prices converging with coke prices three times before resuowieglévels.

14 National Development Reform Commission (NDRC). 200" Five Year Plan on Energy DevelopmedDRC,
Beijing.

15 See for examplhttp://www.guardian.co.uk/business/feedarticle/ 50

' Guan Dabo, Klaus Hubacek. (2007) “Assessmentgibnal trade and virtual water flows in Chin&gological
Economic$1:159-170.

" Elspeth Thomson. (2003Jhe Chinese Coal Industriew York: RoutledgeCurzon, 192.

18 Gerbens-Leenes, Winnie and Hoekstra, Arjen andr Mae der, Theo (2007he Water Footprint of Energy
Consumption : an Assessment of Water Requireme&Rtsnoary Energy CarrierslISESCO Science and
Technology Vision, 4 (5). pp. 38-42.
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Figure 5: Nominal Domestic Prices for Steam and Caokg Coal, 1998 - 2006
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Data Source: Beijing Energy Efficiency Center, &lale at:http://www.beconchina.org/energy_price.htm

Overall, domestic coal prices increased when electricity demand and pleweconstruction

soared. Prices reached historical highs in 2008. At Qinhuangdao, China’s mairiaog!

terminal, coking coal prices have risen to $137/tonne in 2008, and steam coal prices have
strengthened as wéfl. Datong premium blend (6,000 kcal/kg) traded in May 2008 at 655-670
RMB per tonne FOB ($94-96/tonn®).By early 2009, prices dropped back in the face of
economic slowdown, bringing Datong premium blend back to 590 RMB per tonne ($86/tonne)—
still more than double prices earlier in the decdde.

From an international perspective, China’s domestic coal prices after 2000 hawedoeasing
more consistently than other countries, such as Australia. In contrast to Glonesstic prices,
Australia’s FOB export value for coking coal was relatively stable b&f004, as was the value
for its steam coal before 2003. After 2004, however, Australia’s FOB export valceking

coal significantly increased by $40 per tonne while its steam coal exportatstuiemcreased by
$20 per tonne. The two price trends have become increasingly interrelatednas Chal
exports have declined and imports increased because of a tighter domesticimpdte
demand from China’s former customers has shifted to other Asia-Pacificieswagrhas
China’s import demand, pushing up benchmark prices in Australia.

19 See for examplttp:/news2.eastmoney.com/080527,1025,848560.html
2 |nterfax. 2008China Energy Report Weeklyol. 8 (18):23.
2 Interfax. 2009China Energy Report Weeklyol. 8 (6):18.
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II1. Chinese Coal Demand

Although China has a smaller coal resource endowment than the United States adtiuss
more dependent on coal as a primary source of efiergpal’s dominant share of primary
energy ultimately derives from its 97% share of total fossil fuel endownfagtg€ 2). Figure

6 shows that coal comprised 70 percent of China’s 2006 total primary energy consumption,
compared to 24 percent in the United States and 16 percent in Russia.

Figure 6: Comparative Coal Dependence of Primary Eargy Consumption, 2007
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Source: BP Statistical Review of World Energy 2008.

The high level of domestic coal dependency in China is partly a result of thecgige df
resource self-sufficiency (Figure 7). Given China’s unbalanced fessiurce distribution, self
sufficiency and energy security lead to high levels of coal usage. Althoughieswuich as
Indonesia and the US are completely self-sufficient in coal supply andtanepoeters, coal is a
much smaller percentage of their total primary energy consumption becausewaildialay of
other fossil fuel resources in large volumes.

22 \World Energy Council. 2007 Survey of Energy Resear London: WEC Press.
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Figure 7: Ratio of Domestic Coal Production to Consmption, 2007
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Source: BP Statistical Review of World Energy 2008.

While China’s dependence on coal as a primary energy source declined between 1980 and 2000,
coal’s share rebounded from 68% in 2000 to 70% in 2006. In the face of oil and natural gas

price rises, coal’s share may be further enhanced as coal-baseudffetdstock substitution
programs are implemented. In this sense, China’s coal crunch is not merely dkmeaed, but

is part of a larger energy crisis rooted in supply concerns in the oil and natunadigstries.
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Figure 8: China Primary Energy Consumption, 1980-207
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3.1. Actual and forecasted coal use

Since 2003 actual Chinese coal consumption has exceeded forecasts from the IEA#Rd the

as well as from China’s own National Development and Reform Commission (NDRC)

shown in Figure 8, the average annual growth rate of coal consumption hedeekt8% since

2001. China’s reported 2007 coal consumption of 2,580 million tonnes exceeded the IEA’s
WEO 2000 forecast for 2020 coal consumption of 2,473 million tonnes. In"itidd-Year

Plan for Coal Industry Development, the NDRC forecast that China’s coal praduaiuld

reach 2.6 billion tonnes in 2010—a level that was exceeded in 2008. In their 2008 forecasts, the
IEA and US EIA estimate China 2025 coal consumption at 4.7 and 4.6 billion tonnes,
respectively (Figure 9).
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Figure 9: Historical and Forecast Chinese Coal Consnption, 1980-2025
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Note: Actual NBS data are displayed for consumptiom 1980 to 2008.

3.2. Drivers of demand: urbanization, heavy industry, and rising income

The long-term trend in China’s coal usage is a monotonic shift from direct end use to
transformation, primarily through thermal electricity generationwBeh 2000 and 2006, total
direct end use of coal dropped from 35% to 26% of annual coal consumption. Over the same
period, power generation increased from 42% to 50% of the total. Industry end use of coal
increased on an absolute basis, but declined from 26% to 20% of total consumption. The shift
from end use to transformation of coal is driven by inter-related processes otatioaniheavy
industry growth, and rising per-capita consumption.

Between 1990 and 2007 the urban share of China’s population surged from 26% to 45% of total.
The addition of 290 million urban residents had three direct effects on China’s engggy:sy
cement and steel had to be produced for building and infrastructure constructioicjtglect

demand rose with home appliance ownership, and overall demand was stimulated by the
replacement of rural non-commercial (largely biomass) energy wedmwommercial energy
services—principally electricity. This study examines the coal ddrmaplications of 66%
urbanization in 2025.

17



Figure 10: Chinese Coal Consumption by End Use antransformation, 1980-2007
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As shown in Figure 10, the surge of coal consumption between 2000 and 2007 was largely
driven by the rapid rise in electricity demand. Coal-fired power gener@tmounted for 56% of
the marginal increase in coal use between 2000 and 2005 (Figure 11). Over thergaine pe
growth in coal use for power generation was followed by the growth in cofdruseke
production (18%), the end-use of coal for production of building materials (6%), delivered
heating (district heating) (6%), and chemicals production (3%) as thestapgpwth drivers.
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Figure 11: Drivers of Growing Chinese Coal Use, 2@32005
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Under the assumption that China will maintain its planned growth trajectory, batbsgrand
international assessments indicate that urbanization will continue to be ayptnwar of
energy consumption. In its Y Five-Year Plan, the NDRC forecast China’s population will
expand from 1.31 billion in 2006 to 1.36 billion in 2010, of which 47% are expected to be urban
residents. By 2025, the UN expects 57% urbanization and the McKinsey Global Ifistiotest
66%, out of a total population of 1.403 billidh.China’s urbanization is characterized by a
combination of economically-motivated rural-urban migration and estaldisthoh new urban
centers in formerly rural areas. The requirements of urbanization-stinfcéure, housing,
services, transportation, and a shift to commercial energy use by residents growth in the
heavy industries that supply the materials, products and energy for urbancansand
residential services.

3.3. Power generation

Coal increasingly dominates China’s electricity generation systente $P80 coal’s share of
electricity generation capacity has grown steadily, from 69% to 78% in 288 shown in

Figure 12, the absolute amount of coal-fired capacity grew at an awmagal growth rate of

more than 12% between 2000 and 2007, from 238 to 554 GW. In spite of this rapid growth,
China’s per-capita electricity generation capacity is compargtioel (0.5 kilowatts per person

in 2007). Japan’s per capita generation capacity, for example, was 1.9 kw per person in 2007.

% United Nations. 2007. World Urbanization Prospette 2007 Revision Population Database
(http://esa.un.org/unup/index.asp?pane®essed May 5, 2008)

McKinsey Global Institute. 2008. “Preparing for @ais Urban Billion: Summary of Findings,” Shanghai:
McKinsey Global Institute, March 2008.
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Figure 12: Electricity Generation Capacity by Fuel,1980-2007
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Note: nuclear, natural gas, and renewable-basettielty capacity displayed above hydropower irstfigure.

3.3.1. Electricity pricing

In the beginning of 2008, 42% of China’s statistically-sampled thermal powes fdahimoney
due to the convergence of government caps on retail electricity prices, idoreasie and
maintenance costs related to severe snowstorms, and rapidly rising cestl‘phitile

electricity pricing reform policies were initiated in the last degulices are still set and
controlled at the central, provincial and even municipal and county levels. Spgifioaer
producers’ prices for selling electricity to the provincial power compamddo the State Power
Corporation must be reviewed and approved by provincial bureaus and the State Development
and Planning Commission and the State Pricing Bureau, respeétitel004, the National
Electricity Regulatory Commission established a policy stipulatingdhestent of electricity
prices if average coal prices fluctuate more than 5% within 6 m&hihgqractice, however,
electricity prices were not allowed to rise in spite of rapidly incrgasial prices in 2007. To
avoid exacerbating inflation and its social and economic impacts, a cap oitigjgmtices was
implemented to control the consumer price index.

% |nterfax China Energy Report WeekBpril 3, 2008, Vol. 7:14, p. 5.

% Lam, P., 2004, “Pricing of electricity in Chin&Ehergy29 (2): 287-300.

% Wang, B., 2007, “An imbalanced development of @ral electricity industries in ChinaEnergy Policy35 (10):
4959-4968.
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Figure 13: Price Indices of Coal and Electricity, 290-2006
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In conjunction with national government price caps, provincial governments adpistiie
tariffs among end-use sectors. Retail electricity prices are pebvincial catalogues for eight
categories of users, including the introduction of a “commercial’ categahgi1990s for
profitable enterprises in the commercial sector. While relative taviél$ vary by region, a
prevailing trend is relatively low catalogue tariffs for residentradustrial, chemical,
agricultural and irrigation users and higher tariffs for non-residenttaitig and commercial
users>’ Additionally, time-of-day tariffs also vary between different user elssBor example,
residential and irrigation users are exempt from the time-of-day tahife Wweavy industry,
chemical plants and agriculture users face significantly lowerdariff

The disparity between controlled electricity prices and more marlaited coal prices has
created cost incentives for generators to maintain low coal inventories ythenelering them
vulnerable to supply disruptions, as illustrated in extensive power outages duripgrige s
festival holiday in 2008. Controlled electricity prices have also provided a prodiiive for
coal producers to export rather than taking a lower power plant price on the donaek&t in
June 2008, the government acknowledged that the disparity between coal and glpctast
was unsustainable and increased tariffs modestly by ¥0.025 per kWh. This increass have
covered the increased coal costs to generators, but traditionally suechhaigges have been
undertaken in “stairstep” fashion over time in an attempt to minimize the amidai impact of
the adjustments—i.e., further adjustments are likely. Sustained high prices bothichiyes
and internationally may stimulate a return to Chinese domestic coal pricelsamorder to
stem electricity generators’ financial losses if inflation is comsi&oo serious to allow large
increases in electricity pricing.

27 Andrews-Speed, et. al, 1999, “Do the Power SeReforms in China Reflect the Interests of Consufiefae
China Quarterlyl58: 430 — 446.
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3.3.2. Thermal technology: efficiencies and costs

The average efficiency of thermal electricity generation is caoatipaty low in China due to the
prevalence of small, outdated coal-fired power plants. According to the Chiiadiiec

Council, average capacity of coal-fired power plants was 58 MW in 2006, and only 45% of
plants had a capacity of at least 300 MW. Larger-scale plants are madat icégnsive but

require less coal per unit of output—600 MW plants, for example, are on average 1&% mor
energy efficient than 100 MW plarfs.Thermal coal electricity generation efficiency also varies
by plant technology type. This study examines four coal-thermal gemetatianology types
currently or planned to be deployed in China; Table 1 shows the average haatratiéciency

for each type.

Table 1: Average Heat Rates & Efficiencies for NewCoal Thermal Power®

Technology Sub-critical Supercritical Ultra-supercritica Gac

Heat rate

(gce/kwh) 324 300 256 223
Efficiency 38% 41% 48% 55%

Note: IGCC refers to integrated gasification coreliicycle technology.

The vast majority of China’s thermal power generators use sub-criicddustion technology.
Supercritical and ultra-supercritical technology attains higher flielezfcy by operating at high
temperatures and pressures where the boundary between water’s liquid and vapor state
disappears. According to the World Coal Institute, there were more than 240isupkuorits
worldwide in 20086, of which 22 were operated in ChthaChina added 18 GW of supercritical
capacity in 2006, bringing the supercritical share of total coal capad@Bpbt up from the China
Electricity Council’s previous estimate of 4.3% in 2666The China Huaneng Group began
commercial operation of China’s first commercial ultra-supercligiznt in November 2006. In
2007, domestic Chinese manufacturers were reported to have orders for 30 new umés of ul
supercritical power generation equipmént.

Four scenarios were developed to quantify the effect of new technology adoptionageaver

power plant fleet efficiency. In all of the scenarios total electrggtyeration capacity grows to
1,576 GW in 2025, of which 1,060 GW are coal-thermal. The scenarios also include 10 GW per
year of retired coal-fired capacity between 2009 and 2015, and 5 GW per yeatténerehe

2 Mi Jianhua. 2006. “Analysis of Energy Efficienctasiis of Power Generation Industry in Chiralgctrical
Equipment7(5): 9-12. ih Chinesg
2 Li Zhenzhong, et al. 2004. “Ultra-Supercriticalal€ombustion for Electricity Generation: Technaldghoice

and Industrial Development,” China Association $mience and Technology, 200 Chinese "B Iff R %

BHENFERERSL{CKRE"); IEA, WEO 2007; IEA Greenhouse Gas Program. epefficiency levels

have also been estimated for some of these teafiesladepending on the specific circumstances plogenent.
30 China Daily (July 2, 2007) “Being Supercriticaftittp://www.zoomchina.com.cn/new/content/view/26 G&H
accessed May 2008).

31 Sun Guodong. (200&)oal in China: Resources, Use, and Advanced-Coehii@ogies Pew Center on Global
Climate Change. Mi (2006).

32 China Daily (July 2, 2007) “Being Supercriticalittp://www.zoomchina.com.cn/new/content/view/26 GBH
accessed May 2008).
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efficiency of the retired capacity is estimated at the avetagetfeat rate from fifteen years
prior to retirement.

The baseline scenario simulates current trends in thermal eleajecigyation efficiency
improvements. Between 2008 and 2015, the baseline scenario assumes 40% of new capacity
will use supercritical technology, one gigawatt of ultra-supercrit@phcity will be added per
year, and the remaining new build will use sub-critical technology. From 2016 to 2025, the
baseline scenario assumes 60% of new capacity will use supercritiuablegy with five
gigawatts per year of ultra-supercritical capacity, with the neimgubuild using sub-critical
technology. Average fleet efficiency in the baseline scenario improves357 kilograms coal
equivalent per kilowatt-hour (kgce/kWh) in 2007 to 323 kgce/kWh (38% efficiency) in*3025.
The second scenario assumes that half of all new capacity will use sugarethnology
between 2008 and 2025 and the other half will use ultra-supercritical technology. @he thir
scenario assumes that all new build between 2008 and 2025 will use ultra-suplercritica
technology. The fourth scenario, IGCC, is a hypothetical, most technologacagligssive
scenario—it assumes all build between 2008 and 2010 will use ultra-supercrificedltgy and
all plants thereafter will use IGCC technology.

Figure 14: Historical and Hypothetical Efficiency d China's Coal-Fired Electricity Generation, 1990-225
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Figure 14 shows that the most aggressive adoption of the highest-efficcat@pmbustion
technology will only improve total fleet efficiency by 14%, from 323 kgce/kWh to 278
kgce/kWh in 2025. Aside from their different levels of thermal efficiencsh ed the scenario
technologies has varying costs and requirements. In comparison with regulazpdleeal
combustion, Chinese researchers found that IGCC plants offer higher input andlexiipilityf,
lower cost CCS possibilities, and require less water—all at higher cepstadnd lower
reliability.3* At a coal price of 300 RMB/tonne, Chinese researchers estimate the cost of

#Average efficiency data for 2007 quoteddrE & 1 Tl £5it1R$§ (2007) CEC.

3 Liu Hengwei; Ni Weidou; Li Zheng; Ma Linwei. (20P8Strategic thinking on IGCC development in China,
Energy Policy36 (2008)1-11.
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electricity for an ultra-supercritical plant at 280 RMB/MWh (4 cents péhk versus 350
RMB/MWh (5 cents per kWh) for IGCC technolot)y Without government regulation or
financial support, IGCC may have difficulty competing with ultra-suptszal or—if it develops
beyond lab-scale—oxy-fuel technology.

3.3.3 Carbon capture and storage: efficiency penalties and emissions mitigation

Carbon capture and storage (CCS) refers to a range of technologies beingeatet@kenable
carbon dioxide from fossil fuel combustion to be sequestered in geological sierstian being
emitted to the atmosphere. Carbon dioxide is an innate product of fossil fuel combustion;
however, there is a growing consensus that carbon emissions need to be mitigat@olverhe
requirement to operate CCS results in an effective reduction of power plamnefjiciModel-
based estimates for the efficiency penalty of CCS technology varylf#émto 28%° This
study uses a 25% efficiency penalty to examine the implications of Ci$tegy
implementation. In addition to its efficiency penalty, published researichagss that IGCC
deployment would diminish a 500 MW plant’s net capacity by 8% and increase the cost of
electricity by 45%, while decreasing the related carbon emissions (kg CORHV89%>’ The
lack of commercial-scale CCS deployment limits the reliability ofe¢hdata; however, current
research makes it clear that CCS technology will not provide a simple qr sbledion to
China’s coal-carbon quandary.

3.3.4. Coal-bed and coal-mine methane

Effective capture of coal-bed and coal-mine methane presents an oppodumtydéased
energy productivity and safety in China’s coal industry. However, methane chasunet been
extensively developed in China due to lack of transparency regarding regmypesy rights
and lack of available technology. These constraints are directly relatexldortsolidation of
mine ownership and available capital in China.

On March 28, 2008, Shanxi Electric Power Corp. officially commenced operation of tltsworl
largest CBM (coal-bed methane) power plant. In order to fire the plant's 12@&p¥city, the

plant will consume 178.7 million cubic meters of methane and produce 840 GWh of ejectricit

per year. In 2007, the Shanxi Jincheng Anthracite Coal Mining Group, the proje@lspbv

and one of the provinces largest CBM companies, produced 208.38 million cubic meters of CBM
aboveground and 330.42 million cubic meters undergrétind.

CBM development was historically under the China United Coal-bed Methane Canporat
(CUCBM) established in 1996. Because of the slow pace of development and consistent
undershooting of production targets, CUCBM lost its monopoly rights in late 2007 as the
government moved to open up the sector to further foreign investment. Indeed, CBM

% Sun Guodong. (200&)oal in China: Resources, Use, and Advanced-Coeahii@ogies Pew Center on Global
Climate Change. Mi (2006).

% Gibbins, Jon; Chalmers, Hannah. 2008. “Carbon @emind StorageEnergy Policy36: 4317-4322.

Chen, Chao; Rubin, Edward S. 2009. “CO2 contrdinetogy effects on IGCC plant performance and tost,
Energy Policy37: 915-924.

%7 bid.

3 Interfax China Energy Report Weekigarch 27, 2008, Vol. 7:13, p. 13.
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development is now the main focus of China’s Clean Development Mechanism (Ca)&tipr
attracting 63% of the total UN-certified carbon credits in 28506.

3.3.5. Mandatory closure of small-scale power plants

In 2007, China shut down 553 small-scale generators with a total capacity of 14,380 MW—
exceeding the central government’s target by 43 percent. Companiesskedtsinall

generators in 2007 were promised government compensation equal to threroytacs

revenue. Closures have also been facilitated by an expanded power generation qugta tradi
program whereby small power plants are allowed to sell their production quotegetgiawer

plants and raise cash to manage shutdowns. Quota trading amounted to 53.6 billion kwh in 2007,
which is estimated to have saved 6.16 mtce and 143,000 tonnes of sulfur dioxide efffissions.

3.3.6. Demand scenarios

In order to quantify the potential savings of high-efficiency thermal pgeeeration, this
section examines coal requirements for the technology scenarios discussetbm35a.2
above. At 2007 heat rates, China would require 2.8 billion tonnes of coal for electricity
generation in 2025 (as illustrated by the dotted line in Figure 15). If Chireaalks to improve
its fleet efficiency from the baseline path to the hypothetical IGGK; pd% less coal (349
million tonnes) would be required for electricity generation in 2025. Figure 15 shattbé
baseline development path includes efficiency improvements that would requirell2§® m
tonnes less coal in 2025 than generation requirements at the frozenv2eyeaefficiency level.

Figure 15: Coal Demand for Electricity Generation h Four Technology Scenarios, 1980-2025
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The improvement between the baseline and IGCC scenarios demonstratesehdy curr
available thermal power generation technology does not offer a silver loulhattigating, much

% Fridley, David, “Natural Gas in China”, in Jonath@tern, edNatural Gas in AsiaOxford: Oxford University
Press, 2008
“0Interfax China Energy Report Weekigtarch 27, 2008, Vol. 7:13, p. 8.
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less reversing, rapidly growing thermal coal demand. The rapid build of poweragien
capacity between 2000 and 2007 will influence China’s coal consumption path for naasy ye

3.4. Coking coal for iron & steel production

China has emerged as the largest producer and consumer of steel in the world. Hmesever
capita consumption remains below other industrialized countries. Table 2 showsgthefra
aggregate and per-capita steel consumption among a range of developing and developed
countries. In 2008, China’s per-capita steel consumption is expected to have reachgd 390 k
thereby surpassing the US level in 2005.

Table 2: Aggregate and Per-Capita Steel Consumption (2005)

Country Million tonnes Kg per capita
China 350 mt 270 kg
United States 113 mt 382 kg
United Arab Emirates - 1,314 kg
Taiwan - 1,044 kg
Japan 83 mt 649 kg
India 41 mt 38 kg

World 1,013 mt 189 kg

Projections of future structural steel production are scaled off of buildimgfrtiction growth;
historically, half of Chinese steel use was structural and the otherdmffnished productt.
Product steel projections are based on the growth of other industrial sub-sébti=al
requirement for steel production is based on assumptions regarding the shianaigf (basic
oxygen furnace) steel to secondary (electric arc furnace) sigt@l eonstant share of steel
exports. Based on urban population growth, building construction, and demand for finished
products, Chinese crude steel production would grow from 489 million tonnes in 2007 to 588
million tonnes in 2025% Increased recycling and more efficient primary production would
reduce coking coal requirement from 416 million tonnes in 2007 to 291 million tonnes in 2025.

3.5. Cement and building materials

In this analysis, future cement production levels are derived based on the amourdrdf cem
consumed to construct China’s urban and rural buildings and infrastructure (roads, highways
bridges, airports, etc.). This methodology takes into account changes in the sithsmof
construction in total construction over time as well as changes in the average afroaumnént
used per square meter of construction. Cement production is driven by urbanizatios landlt

of exports. The energy intensity of cement production varies by the assumeafsheffecient
vertical shaft kilns as well as the timing of China reaching world bediqeafficiency.

Annual urban construction and cement use data are combined with cement intenfstyldteca
total cement demand (total cement = (annual urban construction * cement intemdig) share

1 Source: World Coal Institute. Coal & Steel Fad¥®?2, International Iron & Steel Institute.

*2 Urandaline Investments. 2009. “China’s InfrastimetBoost and Its Impact on 2009 Metal Demand”iBgij
Access China Conference.

“3NBS 2008 reported 2007 crude steel productior88frillion tonnes; personal communication with Gisie
steel specialists suggests that China’s 2007 csteg® production was actually 449 million tonnes.
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of total cement). With reference to the growing average height of @mkean buildings,

cement intensity of construction is assumed to grow from 220 kilograms of cemequpes

meter of new construction in 2007 to 260 k§im2025. Based on the assumptions and
methodology described above, cement production is expected to decline from 1.36 billion tonnes
in 2007 to 1.15 billion tonnes in 2015 and 1.04 billion tonnes in 2025; the coal requirement for
non-metal mineral product manufacturing is also expected to drop from 170 millios fanne

2007 to 120 million tonnes in 2025.

3.6. Coal-to-liquids and coal-to-chemicals

Coal liquefaction and chemicals production present a potential fourth wedge obalesemand
between 2008 and 2025. To examine the potential impact of this burgeoning industry, this study
calculates the coal feedstock requirements for 60 million tonnes of CTL tyaadi70 million

tonnes per annum of coal-to-chemicals capacity in 2025.

In 2008, Shenhua coal company commissioned a 1 million-tonne direct coal licqurefaatit in

Inner Mongolia** China has reviewed plans for total coal-to-liquids capacity development of up
to sixty million tonnes by 2020. At present, coal liquefaction requires 4.5 to 5 tonnes ahdoal
10 tonnes of water per tonne of prodtret.

Regarding coal-to-chemicals, methanol production has displaced a growiagghthanol

production from grains and other feedstocks. Coal is increasingly viewed as aathemi

feedstock. In 2007 China consumed 9 mt of methanol, of which 2.7 mt was blended with
gasoline. Methanol is a feedstock for the production of dimethyl ether (DME) wibeimig

piloted as a diesel fuel substitute in buses in Shanghai. By 2010 production capapiégisdex

to reach 39 mt of methanol. According to current technology, coal-to-cheiprodisction

requires 1.5 to 1.7 tonnes of coal per tonne of methanol and 2 to 2.5 tonnes coal per tonne DME.

Based on current process efficiencies, growth to 60 million tonnes of CTtitgagad 70
million tonnes per annum of coal-to-chemicals capacity would require up to araalitb0
million tonnes of coal in 2025.

3.7. Demand Outlook Scenario

According to the development outlook of the basic drivers described above, Chialate &bt
demand would grow to 4.26 billion tonnes in 2025 including coal-to-chemicals and coal
liquefaction development, or 3.81 billion tonnes without CTL and CTC. In either case,
electricity generation remains the largest driver of new coal dém&he growth of coal-to-
chemicals and coal liquefaction to 450 million tonnes of annual coal use in 2025 does hot offse
the growth of electricity generation from 50% of total use in 2006 to 59% in 2025. Efgure
illustrates the dominant role of electricity generation (baseline sognadriving Chinese coal
demand.

*4 Media reports conflict as to whether the plardb&ated in Shanxi or Inner Mongolia. See
http://www.platts.com/weblog/oilblog/2009/01/chifains_south_africa_as_a.htauhd
http://www.bloomberg.com/apps/news?pid=20601072&aR51XbVZ8JIiE&refer=energy#

“>Nolan, P., Shipman, A., Rui, H. (2004) ‘Coal Lidaetion, Shenhua Group, and China’s Energy Security
European Management Journ2®(2): 150-164.
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Figure 16: Historical and Forecast Coal Demand, 1982025
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Growth in the “other uses” category of Figure 16 is primarily driven by émergy trends in

China. Residential final coal consumption declined from 1996 to 2006, but rebounded in 2006;
unless residential natural gas prices rise dramatically, expandeentesi gas use is expected to
limit further coal growth. As district heating expands with urbanizationamtrthern heating

zone, coal use for district heating will depend on the availability of naturalsgapreferential

fuel. Fertilizer production will also drive coal demand growth as coal rentenzimary

Chinese feedstock and self-sufficiency in domestic food production remains tateeyaicy

goal. Likewise other industry is expected to drive coal demand growth as fewsogxist for
substitution; efficiency improvements are expected to moderate, but not relersand growth.

IV. Coal Supply Constraints, Substitution Options, and Externalities

The number of published forecasts for Chinese coal production is limited. On therneand
of the spectrum, coal production targets of the Tenth and Eleventh Five-Year Plans wer
exceeded shortly after their publication. In the long term, the China Acanfedtyences has
targeted zero growth of energy consumption after 204Between China’s official short and
long-term projections, this study uses modified logistics curve analysis ntifgjuextraction
scenarios in accord with published reserve data; these scenarios provide adodada
analyzing coal gap potential between 2008 and 2025.

4.1. Constraints to expanded supply

In order to minimize the negative impacts of its potential coal gap, China is seekmagimize
domestic coal production. However, the rapid depletion of China’s accessible, hiigj-ape

¢ People’s Daily Online. 2007. “What will China bikd in 2050?”
(http://english.people.com.cn/200702/13/eng200702438784.html accessed May 2008)
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reserves is likely to hasten the arrival of peak production and accelerapepkstecline. Aside
from the larger resource depletion and strategy issues, China faces atenpedctical
constraints to further expanding its coal supply. Three key constraints to raqudhded
Chinese coal production are freight transport bottlenecks, limits on elguatyicitcapacity to
transmit coal by wire, and the diminishing quality of China’s remainingresarves.

4.1.1. Transport bottlenecks

As illustrated in Map 1, most of China’s coal resources are located in the inlahérnort

provinces of Shanxi, Shaanxi, and Inner Mongolia—away from coastal demand centersg Movin
coal around the country utilizes a large and growing share of domestic trargamityc In

2006 it is estimated that 80% of consumed coal was transported by rail, road, orFigies

17 shows that the estimated rail share of total transported coal surged to 75% in 2002 before
receding to 60% in 2006.

Figure 17: Coal Transport by Mode, 1986-2006
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In 2006, 1.1 billion tonnes of coal were transported by rail, an estimated 407 million tonnes by
road, and 385 million tonnes by inland and coastal waterways. Although rail is the dominant
mode of coal transport in China, it is more expensive and complicated than rail tramsploet
countries. National west-east rail freight costs for coal, for exampl®.B52 RMB/tonne-km
($0.017/tonne-kmj’ Furthermore, the scarcity of dedicated local rail lines means thancsél
often be shipped on local rail links from mines to the national network at roughly double the
national per tonne-kilometer rate. Because China lacks an equivalent to thetetmsimerce
clause of the U.S. constitution, trans-provincial shipments can be taxed sievesdbefore
reaching their destination. Water provides an efficient mode of coal transport.vétpvegid
expansion of water transport capacity is limited by use of small and handgsssds for

domestic transport, lack of dedicated domestic coal port facilities, and—medkt-tiy lack of

4T1JEA. 2007. WEO 2007. Paris: IEA.
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adequate rail capacity to bring coal to ports. When rail and water trangpoisatpossible,

coal is transported by road. Road is the most expensive mode of coal transport in Gésna. Fe
range from 0.5 to 0.8 RMB per tonne-kilometer, but still do not curb demand for journeys of up
to 300 km by truck® To maximize transport volume and minimize costs, coal trucks—usually in
the 20-tonne scale--are often overloaded, exceeding the design capaudysoand highways

and accelerating road deterioration. As with local rail freight, roadpoainfees are driven up by
local and provincial taxes in China. Road, water, and particularly rail transpaaladlready
constrains current coal production and is likely to limit the rapid expansion of dosgstilies.

Coal transport comprised 46% of total rail freight in 2006. In anticipation of fudhdreight

transport growth, the government has announced a plan to expand the total comengpttiafl

the national rail network from 77,000 kilometers in 2006 to 100,000 kilometers ir'202e

national government’s ambitious rail expansion targets appear to be instifficgipport the

rapid growth of coal demand without further displacing other freight from theystdrs.

Figure 18 shows that growth of total rail freight and coal freight by raihloa kept up with coal
consumption growth since 2004. Whereas coal use expanded 81% between 2000 and 2006, coal
by rail and total rail freight only grew 63% and 47% respectively.

Figure 18: Index of China Coal Use, Coal Transporby Rail, and Total Rail Freight, 2000-2006
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Aside from bottlenecks within China’s rail freight sector, coal transpaednsplicated by the
geography and economic structure of the coal mining industry. While most of thiateey s

owned mines are served by rail lines, less than half the volume of 2006 coal was pneduced i
rail-connected mines. Short-haul trucks are likely to have been used to move the 770 million
tonnes of coal produced in near-to-rail mines in 2006. Road transport is likely to have been the
only option for outside-of-the-system and difficult-transport mines, which condgtig® of

“1EA. 2007. WEO 2007. Paris: IEA.
9 Target announced in the 'Mid and Long-Term Raileyelopment Plan,' quoted in WB China Quarterlylate
2.2008.
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production in 2006. The prevalence of small coal mines distributed in mountainous terrai
complicates efforts to efficiently transport more Chinese coal to nsarket

Figure 19: Actual and Hypothetical Bi-Modal China Coal Transport, 2006
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Strong demand for coal ensures that mined reserves are moved to market.gvgmhatle is
available. In many cases in China, this means that insufficient or unavaddlteight capacity

is supplemented by overloaded trucks. Not only are road fees on average fevBigjihes per
tonne-kilometer than rail fees, but China’s trucks are hugely energy iaeffin contrast to the

rail system, which rivals Japan’s in terms of energy efficiency. Eifj@rshows the estimated
energy consumption (in thousand barrels diesel per day, hereafter abbreviated asrkiodd b
from transporting coal in 2006 on the left and hypothetical consumption on the right|vaére a
the all coal transported by road actually transported by rail. Whereas@0@baal transport
consumed an estimated 116 kb/d (of which 67 kb/d was used for road transport), rail and water
transport of the same amount of coal would have required just 54 kb/d. Indeed, the increasing
growth of truck-transported, in addition to the shift to truck transport of other goodsatreat

been displaced by the growing proportion of coal on the rail system, has beenw drmaaj for

the increase in transport fuels in recent years

4.1.2. Grid options

China’s divergent distribution of coal resources presents attractive policytipbter increasing
the use of coal by wire, whereby energy from coal is extractedrbipustion at mine-mouth
thermal power plants and then delivered long-distance to demand centers. Ghega Ghrent
electricity grid and resource endowments, coal by wire presentiagnishort-term costs for a
potential long-term solution.

The major benefit of “coal by wire” is the potential reduction of China’s caabkport

requirements. In addition to allowing other freight to be moved by rail, coalrbycauld

reduce oil demand by stemming coal road transport. However, coal by wire alsettps e

losses associated with transmission line losses in delivering theo#iedin China’s case, these
transmission and distribution losses were reported at 7.04% in 2006, compared to 5.85% for the
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US in 2006>° Another major challenge to coal by wire in China is the high water recgritesh
mine-mouth thermal power plants, which can reach 300 million gallons of water per day for
thermal power plant with 500 MW installed capacityThis is a particularly significant
disadvantage for China given the existing water shortage concerns in the INarttiéVestern
regions.

4.1.3. Coal quality: lignite substitution scenario

Due to its low energy content, lignite is not as widely used as bituminous or aetlocsdi

Although lignite composes 16% of China’s coal reserves by mass, only 5% of the volume of
China’s 2005 coal production was lignite (see Figure 3). As more energy-rich dpd eas
accessible forms of coal are exhausted, lignite is likely to gain arggakiare of national
production. However, because the energy density of lignite is lower than thatroinmus or
anthracite coal, a greater volume of lignite must be produced in order to dediveamhe amount

of energy contained in a lower volume of bituminous coal. Under conditions whereby e shar
of lignite production rises from its current 5% of total production to 12% of the total by @025,
additional 220 million tonnes of additional coal would have to be mined to compensate for the
lower energy content of the lignite (Figure 20). The energy content of U.Srodaiction has

also been declining: if 2006 coal had the same unit energy content as coal in 2000, the U.S. could
have produced and transported 32 million tonnes less coal ir2006.

Figure 20: Additional Production Requirements with12% Lignite, 2005-2025
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*0 China State Electricity Regulatory Commission (§5R2009.
http://www.serc.gov.cn/jgyj/ztbg/200903/W0200903235821835268. pdf

>l Feeley, T. et. al. 2005. "Department of Energyit@fbf Fossil Energy's Power Plant Water ManageR&id
Program."www.netl.doe.gov/technologies/coalpower/ewr/pubB/IPower Plant Water R&D Final_1.pdf
2U.S. EIA. 2008. 2007 Annual Energy Revidwtp://www.eia.doe.gov/aer/coal.html
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The transition to lower energy density coal types will put further stressldrarsport and
power generation systems. Coal energy density could be increased by 20%éektivirsgrthe
transport pressures—with more extensive coal washing. However, the high watemeqtir
for coal washing, at 4 tonnes per tonne of raw coal, has constrained expansion of washing
capacity in the water-deficit regions of North China.

4.2. Demand-supply gap under three scenarios

The mid-term future of Chinese coal production serves as the physical foundagoonrfomic
growth, political stability, and ballooning carbon emissions. Given the Mire$ttgnd and
Resources estimate of 189 billion tonnes remaining domestic coal reapdvéé®e historical
production trajectory of other coal-intensive countries such as the Uniteddfmgdapan, and
Germany, Chinese production is likely to peak in the foreseeable future. Teesstthtiming
of China’s coal production peak will depend on technology, investment, and the water
availability and geology of new discoveries. This analysis uses modifietidegiarve analysis
to indicate future production levels according to the Ministry of Land and Resaudcested
economic reserve estimate of 189 billion tonnes coal. Three production scenadiescdoped:
a sharp peak whereby growth and decline are accelerated by aggresstraentvecffective
technology, and available reserves; a broad peak with more gradual extauati@tater peak
as an additional 30% of the resource base is converted into economically explosaiese
Figure 21 juxtaposes these three coal production scenarios with the totabddateillustrated
in Figure 16.

Figure 21: China Coal Production Scenarios, 1980-28
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Whereas logistic analysis of reserve data generates 2025 domestic produstesm[3:25
billion tonnes for a broad peak scenario and 4.16 billion tonnes for a sharp peak scenario, the
IEA has forecast 2025 Chinese coal production of approximately 4.33 billion tonnes and Chinese
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academic analysis posits production of 3.72 billion tonnes in 2025 the basis of published
reserve data, none of the LBNL domestic coal scenarios include a production peakbab.

If coal demand grows as described in Figure 16 (including coal-toicalsmnand coal

liquefaction programs, as illustrated in the dotted line), these production ssematild lead to

a 2025 domestic coal gap between 32 million tonnes and 990 million tonnes. The scale of
China’s potential 2025 coal gap overshadows international coal imports, which reached an
historic high of 51 million tonnes in 2007. A sharp peak production scenario would bring coal
supply closer to demand; however, it would also require a more rapid draw down of existing
reserves and a potentially more rapid post-peak decline.

4.3. Fuel switching

One Chinese response to the specter of coal deficits is to maximize thle gf@alternative and
especially renewable energy generation. In 2006, China implemented a RenaveagielLaw
that aims to boost China's renewable energy capacity to 15 percent of total/esrtB020 and
outlines a commitment to invest $180 billion in renewable energy over that period. étpthev
scale of coal demand growth in China—between 2003 and 2007 coal consumption growth
ranged between 190 and 330 million tonnes per year—presents a challengedobgtiaition.

Table 3: Energy Requirements for offsetting 200 Milon Tonnes of Coal per year (~ one year of growth)

Thermal Equivalent Generation Equivalent

107 billion cubic meters of natural gags 83 billion cubic meters of natural gas and &3 GW
new capacity @ 70% load factor

48 GW of nuclear power capacity @ 90% load factor

86 GW of hydropower capacity @ 50% load factor

143 GW of wind power capacity @ 30% load factof

Natural gas
Idle natural gas-fired electricity capacity estimated at 10 GW ol @W total indicates that
China is already suffering shortages of supply despite a rapid rise in productidheopast 5
years. If natural gas were used to offset one year of coal annual demattd (@uvoximately
200 million tonnes), 107 billion cubic meters of additional natural gas would be required on a
thermal equivalent basis (for end use) or 83 billion cubic meters would be needed on a
generation equivalent basis, assuming 63 GW of new capacity and a 70% load fastor. T
additional volume is beyond China’s capacity to supply within the next 10 years, and would
require the construction of at least two world-scale pipelines of 30 billion culbér oapacity
each as well as a faster ramp-up of LNG terminal construction andattzatien of additional
supply contracts. In additional, as long as electricity prices remain dedtedllevels
commensurate with overall coal pricing, natural gas is unlikely to be competianest coal
except in specific circumstances and locations, such as in southern coastalrCleaalLNG
import terminals.

Nuclear power

3 |EA, World Energy Outlook 2007. Paris: IEA.
Tao Zaipu; Li Mingyu. 2007. “What is the limit offthese coal supplies—A Stella model of Hubbert Peakergy
Policy 35(2007): 3145-3154.
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China seeks to rapidly develop its nuclear power industry primarily to increasgy sapply.

The complexity, social risk, and high capital requirements are furthergddty the nuclear
power industry’s potential to help mitigate problems from uneven resource distriboibn, c
transport bottlenecks, and environmental pollution. With coal and liquid transport fuékdefic
mind, Chinese researchers have suggested that nuclear power could be usedday elect
generation, thereby freeing up coal for liquefaction. A more ambitious gadies/elop
nuclear-coal conversion technology to produce liquid transport fuels based on highatareper
nuclear process hedt.

In order to offset one year of coal demand growth of approximately 200 million tovalegd &
GW of new nuclear power capacity would be required, assuming a 90% load faetibnéw
plants. At a capacity of 1 GW and a conservative cost of $1.5 billion per reactory nuclea
substitution of coal would cost $72 billion for the core hardware. Given China’s announced
2020 target total nuclear electricity generation capacity target GM4Qit would take more than
a decade to offset one year of coal demand growth.

China’s nuclear power capacity reached 9.07 GW in 2007. Although the government has
released aggressive plans for nuclear power development, it has not explained tHansune
adequate domestic uranium supplies. An installed nuclear power capacity of 40 G¥W woul
require approximately 7,000 tonnes of uranium on an annual®Baaisa price of at least $130
per kilogram of uranium, China’s identified resources are estimated at 60,000 tonswhdfani
However, China has increasingly close trading relationships with Ausdradi&gazakhstan,

which is estimated to have the world’s second largest uranium resources at 816,000 tons. |
2006 China signed an agreement to purchase 20,000 tonnes of Australian uranium per year
beginning in 20167 Nevertheless, the growth of nuclear power throughout Asia suggests that
China’s reliance on imported uranium may constrain rapid large-scale development.

Hydropower and Renewables
Without effective battery or storage technology, hydropower and renewablesperfect
substitutes for coal due to their intermittency. China is seeking to double its hydropow
capacity from 145 GW in 2007 to 300 GW. In order to substitute for one year of new coal
demand growth, 86 GW of new hydropower capacity would be required, assuming a 50% load
factor. This is equivalent to building almost four Three Gorges Dams to offseeanefycoal
demand growth.

In 2007, wind power capacity jumped to 6 GW; however, wind still comprised less than 1% of
China’s total electricity generation capacity. Assuming a 30% load fdet8rGW of new wind
power capacity would be required to offset one year of coal demand growth. In 2008 China
announced a new 100 GW target for wind electricity generation capacity in 2020-#$r2007
base, this would require an average annual growth rate of 24%.

*Wang Dz, Ly YY. 2002. “Roles and prospect of naclpower in China’s energy supply strategyiiclear
Engineering and Desiga18(2002): 3-12.

%5 |Interfax China Energy Report Weekiarch 27, 2008, Vol. 7:13, p. 4.

¢ World Energy Council. 2007 Survey of Energy Resear London: WEC Press.

°" See, for exampléittp://news.bbc.co.uk/2/hi/asia-pacific/4871000.stm
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4.4. Environmental externalities

Coal in China can be characterized as a cheap and abundant source of energy mgtheexpe
externalities. Coal mining and combustion are associated with a raagei@nmental costs
including land subsidence, degeneration of water quality, air pollutant emissionsjcaraira

not to mention the horrific human costs related to more than 5,000 miner deaths per year. Att
same time, the coal industry serves as a major foundation of rural employmertiandnomth
though electricity production. Beyond the immediate human and environmental costs,
greenhouse gas emission mitigation provides an international impetus for Chicldeatsecoal
dependence.

4.4.1. Carbon dioxide emissions

Coal is China’s most carbon-intensive primary energy source. AccordingliCGle coal

generates an average 95 tonnes of CO2 emissions per terajoule (TJ) of emepgyed to 73 t
CO2/TJ for oil and 56 t CO2/TJ of natural gasThe coal share of China’s energy-related

carbon emissions increased from 78% to 80% between 2000 and 2006. China’s increasing
reliance on coal is reflected in the rise of carbon intensity of commer®ady production from

2.26 kg carbon dioxide emitted per kg of coal equivalent energy produced in 1985 to 2.7 kg in
2006. The root of China’s rising carbon emissions is clear: in 2006, coal combustion accounted
for 80% of energy-related Chinese carbon dioxide emissions.

China’s current growth trajectory indicates that carbon emissions from coal d¢anhwad

surpass total US energy-related carbon emissions by 2010. Figure 22 showsniatcohi-
related carbon emissions would surge to 8.6 billion tonnes of CO2 in 2025 under the demand
trajectory developed in this report (including CTL and CTC; 7.7 billion tonnes withotdurté
wedge)> In contrast, the WEO 2007 projects total US energy-related carbon dioxidgosmis

to reach 6.7 billion tonnes in 2025.

8 1PCC. 1996. Revised 1996 IPCC Guidelines for NetidGGreenhouse Gas Inventories; Reference Manud, 1
(http://www.ipcc-nggip.iges.or.jp/public/gl/quidelachlrefl.pdf
%9 This emissions scenario does not include poteetiatts from carbon capture and storage programs.
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Figure 22: China Coal-related Carbon Dioxide Emisgins, 1950-2030
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Note: historical and forecasted US emission dagdram the IEA World Energy Outlook, 2007.

Limited alternatives to coal impede China’s flexibility to achieve carboxide emission
growth constraints, much less absolute reductions.

4.4.2 Environmental quality

Coal mining and combustion are associated with a range of environmental cestimgizand
subsidence, degeneration of water quality, air pollutant emissions, and acid raim.dBuifle

and particulates are considered by many environmental experts in China taivgtieitants

of gravest concern, and efforts at controlling air pollution have focused on thene(E&ur

Ash and sulfur levels vary among Chinese coal types: raw ash flucteateeh 20% and 40%

and sulfur between 1% and more than 5%. Since the 1980s, the fraction of China's coal that has
been washed has been stable, and flue gas desulfurization is only now becomingaddespr
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Figure 23: Sulfur dioxide and particulate emissions1997-2005
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Source: China Environment Yearbook, various years.

As more becomes known about the health impacts of airborne particulates, bspegiamall
particulates that are drawn deep into the lungs, they are considered responsilgeeter share
of the world’s ill health than previously thought (WHO, 2004). Particulate emissions from
combustion and physical processes (like industrial grinding) fell rapidina in the 1990s as
relatively inexpensive particulate controls were installed on a largex ehandustrial facilities.
In recent years, however, rising coal use and industrial activity have #&dupturn in
particulate emissions.

The impacts of a coal-dominated energy economy are felt all along thédirel About 4,000
miners die each year in accidents in China’s coal mines, according tol affatistics, though

the actual number may be substantially higher. An unknown number also die from as@lpati
diseases. Coal gas and coking plants are also associated with high inciddeaceer. While

new combustion technologies and improved regulation will help to abate some of the most
egregious health impacts, the ongoing dominance of coal portends continued environmsental ¢
associated with expanded energy usage.

Nationwide damages from air and water pollution have been estimated to have a tvades be
3% and 7.7% of GDP. The destructive impact of air pollution on human health and physical
infrastructure is likely to increase as rapid urbanization and expandingei#e a growing
proportion of the population nearer to pollution souf€es.

% Ho, Mun S. & Chris P. Nielsen. (200C)earing the Air: The Health and Economic Damaggaio Pollution in
China Cambridge, MA: MIT Press.
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V. Conclusions

China has been, is, and will continue to be a coal-powered economy. The rapid acoealérati
coal demand growth after 2001 has raised questions about China’s mid-term sujoyitly. sic
demand continues to grow rapidly and supply develops according to published domeastc rese
estimates a coal deficit is likely to emerge.

Urbanization, heavy industry growth, and increasing per-capita consumption prarthgy

drivers of rising coal usage. In 2006, the power sector, iron and steel, and cementeatctor

71% of coal consumption. Power generation is becoming more efficient, but evenvextelhsi

out of the highest efficiency units could save only 14% of projected 2025 coal demand. A new
wedge of future coal consumption is likely to come from the burgeoning coal-lgjoefand
chemicals industries. New demand from coal-to-liquids and coal-to-calsmnay add up to

450 million tonnes of coal demand by 2025. Growth with efficiency improvements anesag th
drivers indicates that China’s annual coal demand will reach 3.9 to 4.3 billion tonnes by 2025.

Central government support for nuclear and renewable energy has not been ablesto reduc
China’s growing dependence on coal for primary energy. Few substitution aptistis
offsetting one year of recent coal demand growth would require over 107 billion cetieics rof
natural gas, 48 GW of nuclear, or 86 GW of hydropower capacity. While thesatahesmwill
continue to grow, the scale of development using existing technologies will biciestito
substitute significant coal demand before 2025. The central role of heavy indusb®in G
growth and the difficulty of substituting other fuels suggest that coal consumptnextricably
entwined with China’s economy in its current mode of growth.

Ongoing dependence on coal reduces China’s ability to mitigate carbon dioxgstoas

growth. If coal demand remains on its current growth path, carbon dioxide emfssioreoal
combustion alone would exceed total US energy-related carbon emissions by 2010niBgoade
awareness of the environmental costs of coal mining, transport, and combusigingstina
pressure on Chinese policy makers to find alternative energy sources.

The looming coal gap threatens to derail China’s growth path, possibly underminingholitic
economic, and social stability. High coal prices and domestic shortages wilkelgaweat and
global effects. Regarding China’s role as a global manufacturing cartemestic coal gap
will increase prices and constrain growth. Within the Asia-Pacifiore@hina’s coal gap may
bring about increased competition with other coal-importing countries includsag J8outh
Korea, Taiwan, and India. As with petroleum, China could respond with a government-
supported “going-out” strategy of resource acquisition and vertical integratigan &
population and growing resource constraints, it may be difficult for China todeaéaergy
security, competitiveness, and local environmental protection with costlysedtogtobal
climate change mitigation. The possibility of a large coal gap sugbesiShinese and
international policy makers should maximize institutional and financial suppoxdenate
demand and improve energy efficiency
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