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Executive Summary

Coal has played a key role in Chinads rapid e
opened to the outside world in 1978.h i na ds annu a ht324bilaoh tomesgG)u ct i o n
in 2010, accounted fonear halfof world total' Nevertheless, the unprecedented exploitation

and utilization of coal has also created enormous environmental and social challenges including

1) coal mining waste and land subsidenglated environmental impacts in many areas of the

courtry; 2) severe ater shortage ahajor coal mining regions such as Shanxi, Shaamd

Inner Mongolia; 3) mounting safety challenges as more thajp@8miners have died in

Chinadés numerous coal mi ne accidents since th
1949; 4) bottleneckinCh i nads t r an s (especitlly rajps) deterotatngiacrt u r e

guality in many urbaentersand adjacent regions; and@essure to mitigatgreenhouse gas

(GHG) emissiongsespecially after China overtook the United States (US) as the leadin CO

emissions in 2008

Historically, China has been a net coal exporter because of a large reserve bdmricests,

attractive exportpricee nd government tax incentives. Il n =2
94 million tonnes (Mt) with net coal exports at 83 Mt. In 2009, the prolonged disperte

contract ther mal coal prices between Chinads
thegeographic proximitp et ween Chinads coastal provinces a

countries turned Chinato a net coal importerGiven that the volume dhe entireworld

seaborne coal trade is | ess tibnatheshiftngoft hi rd of
Chinads coal i mport/ export balance has the po
trade. While China looms over the global coal markets, leaving the international industry
guessindhowthe Chinese import/expopiatierns will developthe impacts of the Chinese coal

industry on the global coal market are too significant to be overlooked.

To betterunderstand the Chinese coal industry and its role in the global coal trade, the author
was entrusted by the Program on Energy and Sustainable Development (PESD) at Stanford
University to conduct a research on the industrial organization of the Chinésedostry that

! NationalBureau of Statistics and BBtatistics from industrial sources suggest 3.41 Gt as coal output in 2010.
2 SourceOfficial statistics. Independent sources suggest much higher fatdties e ct i on A Gr ey Mar ket
Statistical Di stortiondo for detai

% The original energy statistics published by the National Bureau of Statistics suggest year 2007 instead.
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covers the complete value chain of the Chinese coal industry including coal mining, transport
and end use such as power generation. The objectives of this study are to 1) comprehensively
review the Chinese coal value chain and 2) idemtibblems and policy challenges in the

Chinese coal industry.

The Chinese Coal Mining Industry

Chinads coal res our MEOkM’ encompassing pelcenif the ar ea o f
countryos Yareéd There drd fiveanajor kom endowment districts in China:

northeast, north China, south China, northwest, and Tibet and Yunnan. The China Geological
Survey reported that Chi na 6 sMolethdangrpercemof c o al
identified mal reserves in China are in ledsveloped, arid areas that are environmentally
vulnerable(MLR 1999.

Figure 1: Chinese Coal Resourc®istribution Map

Chinese Coal Resource Distribution Map i

Distribution of Coal Resources by
Coal-forming Period

60

20 6 i
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Source: Ministry of Land and Resources.
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As illustrated in Figure 1, 89erceno f Chi nads gross coal resource.
(or municipalities or aut onombahagsha@gi ons) to
Xuefengsharserial of mountain ranggethese provinces include Shanxi, Shaanxi, Inner

Mongolia, Ningxia, Gansu, Qinghai, Xinjiang, Sichuan, Chongqing, Guizhou, Yyandn

Tibet. Twentyprovinces (or municipalities or autonomous regions) to the east of the above
mountain ranges account for only p#rcentof gross coal resources in China. Similarly, 93.6
percentof gross coal reserves are located in 18 provinces to the north of the Kuntunshan
Qinling-Dabieshan serial of mountain rangé®se provinces include Beig, Tianjin, Hebei,

Liaoning, Jilin, Heilongjiang, Shandong, Jiangsu, Anhui, Shanghai, Henan, Shanxi, Shaanxi,
InnerMongolia, Ningxia, Gansu, Qinghai, and Xinjiang. Only petcentof gross coal reserves

lie in 14 provinces to the south of these moumtanges. Not surprisingly, the unbalanced

resource distribution largely determines the pattern of coal transportation in @hicla

generally follows routes from the north to the south and from the west to ti{&EastC 2009.

22 July 2011 3 PESD WP#103



Table 1: Coal Resources and Reserves in China at the End of 2006 (Gt)

Planning Area No. of Basic Prognos Total

Province/Municipalities/Autonomou | Mining Proven | peserves| ! Reserves

( . P L Reserves . Reserves .

s Region) Districts A

JingJin-Ji (Beijing, Tianjin, Hebei) 277 2.70 7.69 9.57 17.25

Northeast (Liaoning, Jilin, 1208 | 545 | 1445 | 1757 | 32.03

Heilongjiang)

East China (Jiangsu, Zhejiang, Anhuil 4 40 | 1101 | 2538 | 31.17 | 56.54

Fujian,Jiangxi, Shandong)

Central South + Hainan (Henan, Hubl 4 576 | g37 | 1579 | 1712 | 3291

Hunan, Guangdong, Guangxi, Hainar

Jin-ShangMengNing (Shanxi, 1,320 | 12651 | 220.16 | 532.15 | 752.31

Shaanxi, Inner Mongolia, Ningxia)

Southwest (Chongging, Sichuan, 1454 | 1825 | 29.04 | 6293 | 91.96

Guizhou, Yunnan)

Xin-GanQing + Tibet (Gansu,

Qinghai, Xinjiang, Tibet) 690 10.25 20.98 155.80 176.77

Total Coal 7,965 182.54 333.48 826.30 | 1,159.8B
Coking Coal 64.3 124.2 150.3 274.8

*: ResourcesNote: Basic reserves are based on relatively extensive geological exploration activities; they are

suitable for resource extraction in the near future or longer term. The proven coal reserves are the portion of basic

reserves that can be exonically recovered in the near future. Prognostic reserves are primarily based on

geological inferring and modeling instead of extensive exploration activities. Total Reserves = Basic Reserves +

Prognostic ReservesSource: Huang et 82008 and China Coal Transportation and Distribution Association

(CCTD).

I n 2006, the Ministry of
stood at 1,160 Gt across
reserveso and 826 @6t

Land
t he

and

Resources

countryos
&t pr fiov g 1if oessteircv erseds ew evr ees

7,

Gt, which is significantly higher than the similar statistics at 114.5 Gt provided by British
Petroleunfl (Huang e®l. 2008, BP 2010)

‘“Chinabds

coal

resour ce

updated Chinads proven
at 182.5 Gt in Table 1.
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Figure 2: Chinads Coal Produ20@i on by Type
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Note: Underreporting represents coal statistical revisions made by the NBS in 2006 and 2010, which has not been
disaggregated by the NBS in terms of typeadl enterprisessource: Thomso(2003, CCII (variousyears)
SXCOAL and CCTD.

There arehree types of coal minés China

Key stateowned enterprises (SOE) were once supervised by the former Ministry of Coal

Industry (MCI). Nowadays, except for Shenl@mup and China Coal Energy Company, all

key stateowned coal enterprises are supervised by provincial governments. This group

accounted for half of national coal output in 2009. Coal production and sales of Shenhua Group,

the largest statewned coal riming company in China, reached 328 and 357 Mt in 2009. In
comparison, Peabody Ener gyowfdcoa miningcdmpanywor | d 6 s
producedbnly 172 Mt of coal in the same ye@@eabody 2009J.S. EIA 2009. Moreover,
Shenhuats fatality rate was 0.027 demlt h/ Mt of

® The difference can be largely explained by coal bought by Shenhua from other producéry Eergines)

primarily due to the | atterds | ack of access to rail 1t
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average at 0.86 death/Mt of coal in the same year. Not surprisingly, the Chinese government is
trying to promote the Shenhua model.

The numerous Township and Village Enterprises (TVE) in the Chinese coal industry are mines
invested andontrolled by agricultural collective economic organizations or peasants. They
have caused many regulatory challenges such as environmental degradation, taxa@sion
mineaccidents Their number once exceeded 100,000 in 1991. The central goverplanento
reduce the number of operating TVE mines to 10,000 by 2010. TVE mines accounted for about
38 percentof national coal output in 2009.

Finally, local SOE mines are owned and superviseith®ypcal instead othe central
governmenttheir marke share shows a declining trend in recent years. In 2009, local SOE

mines accounted famly 12 percentof national coal output.

Figure 3: Reference Coal Production Trajectory in China by 2030

5.0 A
B
2
S 45 D
<)
2
S 40 -
o
)
o
O
35 A
3.0
2010 2015 2020 2025 2030
Not e: Reference coal production forecast in this study

interview with Chinese academia and officials between 2009 and 2011, tentative discussion on the 12th FYP of the

Chinese coal industry, andthkeut hor 6s own esti mati on.

®For discussion of Chinese coal sedé¢lbd, coasoPESRtSDanho
ARemaking the Worl dbés Greatest Coal Market: the Quest |

Morse, and He.
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In the late 1990s, Beijing launched a national campaign to close TVE mines (most are private

and small). Nevertheless, conflicts of interests between the local and central governments and

vested interests of many local offtie made Bei jingds regul atory ef
Coal production underreporting became rampant, and coal statistical distca@ommon

For instance, energy planning and foreicasn the 1990s and early 2000s generally show
substantiatlifferences with observed reality later years.

Figure 3presentt hi s wsefuelydsce trajectory of Chinads ¢
Though the Chinese government bBagry strong political desire to control the national coal
outputaround3.8 Gt/annunby the end othe12thFive Year Plan (FFP) period coal output in

China may be significantly higher than the reference trajectory under the following two

scenarios: 1) sizable cogileymarkets exist in China and the official coal output statistics in
recent years have been seriously underreporte
planning targets are unable to effectivetgventa domestic coal consumption spii@milar to
whathappened during thELthFYP period when the original 2010 coal production control

targetof 2.6 Gt/annunwaslaterfar exceeded by an actual coal output l®fel.24t0 3.41

Gt/annun).

Coal Transport

Chinads coal r e s dargeleirstheanortd, nguthwesdind southwesh parts iofe

the country. In comparison, majopatconsumingcentersn the east and south coastal regions

have only limited coal endowments especially when compared with their consumption levels.
Asaresultt he | ong di stance between Chinads coal pr
consumingcenterdn the coastal areas make transportation one of the most important issues in

the Chinese coal industry.

22 July 2011 7 PESD WP#103



Figure 4: Transpor t aRallNetwork 978200 nads Nat i o
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Coal transport by rail is so far the most important mode for moving coal within China. The
amount of coal and coke transported byiraiteased steadily from 417 Mt in 1978 to 1,413 Mt
in 2009, a 4.(percentincrease annually during the study peridd.comparison, national coal
output grew 5.®ercentannually since 1978. The lowgrowthrate of coal transportation by

rail compared with national coal output growth suggests that the bottleneck of railway
infrastructure has become an increasingly ser
surprisingly, the share of national coatpmut transported by rail has declined continuously from
65 percentin 1978 to 44ercentin 2009. As a result, the lack of access to railway infrastructure
has forced the Chinese coal industry increasit@tgly on road transport, which is not only less
fuel efficient but alsenore environmentbf pollutingand more expensivelro make the matter
worse, the average distance of coal and coke transported lsyinaileasingwhichhas made

the infrastructure bottleneck issue even more serious in regars.y

22 July 2011 8 PESD WP#103



Figure 5: Chinabds Coal Transpo20@ati on by N
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Sincethelate 1990s, the rapid capacity expansion of major ports across the country made the
total cargo throughput (including coal) processed by major coastal ports increase from 347 Mt in
1997 to 4,755 Mt in 2009, the equivalent of 2detcentgrowth annually dring the study

period. Since 1997, coal and coal products handled by major coastal ports increased from 86 Mt
in 1997 to 949 Mt in 2009, the equivalent of a more thafoltDspike, which is much higher

than coal production growth during the same period.

Transportation on the inland waterways is an important element of the domestic coal distribution
system, carrying 374 Mt of <coal in 2009, acco
coal output in the same year. Currently, coal representsportant share of shipping on the

inland waterways, accounting for approximately 17 percent of total cargo tonnage. Inland
waterwaytransportis expected to remain cost competitive to move large quantities of coal along
long-distance transport corridors @hina, and geographic suitability and availability of port

facilities insteadrather tharfreight costs)are expected to be the primary constraint to sustain

growth of inland waterway coal transport in China.

Transporting coal by roadwag only consi@red to be a supplemahiode to rail and waterway

due to the |l atter two modesdéd economy of scale
mode along the produceail-portuser transport chain. In addition, ledgstance trucking of

coal is boh economically unattractive and environmentally undesirable;traadports

22 July 2011 9 PESD WP#103



generallyonly suitable for shostlistance coal delivery within a ceptoducing province or

between coalproducing and coatonsuming regions that are not far apart. Caaigport

distance by truck is normally within the 500 km threshold. Nevertheless, in rare circumstances
(e.g., Datong to Qinhuangdao: 638 km), this distance can be significantly longer if a highway
connection is availablend other modes of transport aepacity constrained.

Figure 6: Coal Handled at Major Chinese Inland Ports, 1992009
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Based on the reference coal production trajectory in this Skiglyre 7 presentaforecastof

coal transport tonnages by mode in China by 2030. Rail is expected to continuously be the most
dominant mode for moving coal from west China to the east and from the north to the south. In
2009 1.7Gt’ of coal were hauleby rail. Beyond thatcoal tonnage by rail is expected to

increase by.3 percentannually, approaching 3 Gt by 2030. With high fuel costs and

increasingly stringent regulatory countermeasures on truck overloading, railways are expected to
haul most inér-provincial coal transport tonnages. Except in a few regions, road is only a
supplemerdl coal transport mode.

" This figure includes coal tonnages hauled by local railways and Shenhua.

22 July 2011 10 PESD WP#103



Figure 7: Scenario of Coal Transport by Mode in China
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Note: Only interprovincial coal transport by road is included. Source: N\&®ious years), Li (2008, and

industrial sources.

In 2009, about 0.5 Gt of coal were hauled by truickthe future coal transport tonnage by road

is expected gradually decline to the late 2010s tonnage level by 2030. In 2009, coal throughput
at major inland ports was 0.4 Gt, which is expected to gnev time, and inland waterway is
projected to partially substitute road for infgovincial coal transport. In 2009, coal throughput

at major coastal ports was near 1.0 Gt, which is expected to grow at 2.7 percent annually,
reaching 1.8 Gt in 2030. Thyeographic advantage of northern coal @brspecially the N7

(the seven major Northern podsinakes them cost competitive, and the integration of rail and
coastal marine transport modes is expected to be strengthened over time.

Coal Consumption

With limited domestic petroleumndnaturalgasendowmenrd, coal accounted for 96 8rcent

of Chinabés primary en epegsgnin@dd 8 1Pperpenin IOT0, 7.8 194 9
percentin 1980, 76.2ercentn 1990,79.2 percentn 200Q and70.4percentin 2009(NBS

various years).

In 1980, power generation, other transformation industries ¢@king, heating, coal washing),
industrial end use (e.gron andsteel), and other end ugeg, construction, commercial,

22 July 2011 11 PESD WP#103



residential, transportation, agriculture) accounted fqpe&ttent 16 percent 35percentand 26
percentof national coal consumption, respectively.

The electricity industryos sdasedsteaddyffroom2dt i on al
percent in 1980 to 49 percent in 20@8dis expected to keep rising in the coming decades.

Ot her transformation industriesd® share of nat

percent in 1980 to 20 percent in 2009, whichrimparily driven by rising coke and heating
demand.Ther on and st eel Il ndustryods sbheasteadgb8f nat i

(0]

percent to 10 percent since 1980. I n compar.i

fluctuated over time and declined moderately from 8.0 percent in 1980 to 5.8 percent in 2009.
Further, noame t a | mi ner al s0 s h atoa also fluctuated over tme &nd ¢ o a |
increased slightly from 7.5 percent in 1980 to 7.9 percent in @0BS various years).

Figure 8: Coal Consumption by Sector in China

100% A
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Source: NBSvarious yearsx) and CNCA (2006).

The resi dent i aationslecltcansutm@ionhdeappedrono fopercenin 1980
to 31 percenin 2009 whichwasprimarily driven by increasingly stringent environmental

regulation and rising environmental awarendsgally, otherendusé s s har e of nat.

consumption shows a declining trend over time, dropping sharply frqmer82ntin 1980 to 19
percentin 2009.
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With thelargescale installation of advancedeenfield generation plants and accelerated

retirement of small ineftient units, thermal electricity generation efficiency in China has

improved significantly imecent years During thellthF YP peri od, the Chinese
mandate of lowering national energy intensity per unit GDP kye2fentoetween 2005 and

2010has encouraged the installation of supercritical and-sitpercritical technology in the

power sector.Similar policies have been implemented in tRB&hFYP that will maintain the

incentive to increase coal combustion efficiency in power generation.

In addition, smaliscale and inefficient power plants have been shut dovaeilyalgovernment
policy to comply with energy intensity targeet by Beijing Nevertheless, compared with
international best practices, there is still sufficient room for China to further improve the
efficiencylevel of its generation fleet.

Figure 9: Reference Electricity Generation Capacity Mixture in China by 2030

3D T mm e
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B0 Frmm e
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o 25 fr
E B Nuclear
2 20 frrrrrmmm e
'g B Gas
& 15 f-----mmmmmmm oo
O B Hydro
10 +-aeaaa—— -
B Oil
05 +---
® Coal
0.0 )
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Note: Only gridconnected Greenfield power plants are included in the assessment. Source: 2010 capacity is based

on data from the China Electricity Council.

Figure9presentd h i s eferendeyfadesast dhegeneration capacity mixture in the

Chinese electricity industry by 2030. In 2010, installed capacity of the Chinese electricity

industry wasapproachind . 0 T W. To meet Chi nads genarationpi ng po
capacity in China is expected tcrease at more thamp@rcent@annually,exceeding 3.TW in

2030. Among all the generation technologies, windmills are expected to show the strongest

growth at 16percentannually during the study period. In comparison, installed capacity of coal

22 July 2011 13 PESD WP#103



fired units is expected to expand moderately at nggréentannually to meet rising domestic
demand and build a sufficient reserve margin in the coming de(thdegh absolute capacity
growth will likely be greater than necpal alternatives)

Despite of tle Fukushima Daiichi crisishéshare ohucleari n Chi nads el ectricit
mixture is expected to increase over time due to strong support by the Chinese government. As a
result, its share in total installed capacity is expected to increase from gimaehin 2010 to

near5 percentin 2030.

Natural gadired generation is projected ¢gwow during the study period to 1) alleviate air

pollution in the urbarentersand 2) meet peak load demand. In comparison, at the beginning of
thellthF YP peri od, Chinads i nsabautl2T GMwas plahnedjtebee r at i
gradually phased out due to rising oil prices. Nevertheless, to meet energy intensity targets set

by the central government, restricting power supply has become a widespread préatice at

local government level. As a 1d§ diesel engines have been installed across the country in

recent years. If such practice continues in the futurdired power generation is expected to

maintain a marginal but still important role in China.

Coal Pricing and International Coal Trade

Figure 8 shows thdtistoricalcoal pricing in China can be categorized as below:

Singletrack pricing period (1949 1985) at the inception of the PRC, the commaodity pricing in
Chinawasdominated by the theory promoted by the former Soviet Undatording to this
approach, part of valuedded income in the heavy industry should be materialized in the light
industry or other production sectors, so prices of raw materials including ecabet at

arbitrarily low levels. Although coal production costs in China increased over time, coal prices
had only been adjusted marginally several times between 1949 anc&38result, the Chinese
coal mining industryanadeficit during most of tis period.

Dual-track pricing period (1985 2002) To meet the surging coal demand, Beijing actively
encouraged the development of small coal mines and deregulated prices for coal produced by
TVE mines. In addition, statewned mines were allowed to s#iteir abovecapacity output at
market prices.Since 1993, the Chinese government has gradually deregulated coal retail prices
inmostsectorsNeverthel ess, it stildl i mposed fisupervi
power plants between 1994 a2@01.
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Marketoriented pricing period (2002present) In 2002, the Chinese government abolished the

c 0 a | Topacilitate ¢he thermahcpal centnactn t e d
negotiation for usey utilities, the state stillasued reference coal pricedts Annual Coal
Trade Fir. In 2006, the NDRC finally allowed prices of thermal coal for utility tesbefully
subject to market pricingAccording to theGuidelinesRegarding Improving the Linkage
Amongst Coal Productioransportand Demangssued by the NDRC on December 14, 2009,

Asupervi sed

thermal coal contrasfor utility usesshouldbe directly and independently negotiated between

t her mal

coalproducing enterprises and power plants without state intervethismarks the complet
deregulation of coal pricing regime at the central government level in China.

Figure 10: Average Mine Mouth Sales Price for Coal Produced by Key SOEs in China
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Since

ate 1990s,

&t iapidly argl peakedidt B4 in 2003(NBS s |

various years). Since then, coal exportave beesubject to a mandatoguotasystem set by

the central government and shawontinuously declining trend. n

comparison,

imports show an overalipward trend in the past decadeaching 165 Min 201Q According to
EA, worl
producti on

t he |
coal

indugry compared with the amount of coal traded in the international m#rkitina takes even

d

seaborne

wa s

3,050

har d

Mt

coal

n

trade
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ncr ea
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vol um
year

a small share of its coal supply from the international market, impacts on the international coal
trade can be significant.
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While China has long been a net coal exporter, the prolonged dispute on contract thermal coal
prices between Chinads maj or dhegebgraghitt er pri ses
proximityb et ween Chi nads co0ast atoatexpodingconntriesshava nd ma j
finally turned the country as a net coal importer in 2009. The behavior of Chinese coal importers

can be explained with their intention to 1) check the bargaining power of major coal enterprises

but 2) not seriously disrupt global coadde. As illustrated in Figure 1toal importers in

Chinads coast al provinces especially Hebei, S
and Guangxi are expected to keep importing moderate levels of coal from overseas suppliers in

the future, whichs expected to stimulate inland waterway transport especially in the Yangtze

River Delta and Pearl River Delta regioridorse and He discuss Chinese impottéyaor in

detailin another PESD study.

Figure 11: Chinads Coal | mports by Pr

Jiangsu, 5.6 Mt,
5%

Source: China Customs.

Grey Markets and Coal Statistical Distortion

A grey market is the trade of a commaodity through distribution chatiregjsvhile legal, are
unofficial, unauthorized, or unintended by the origimaducer In contrast, a black market is
the trade of goods and services that are illegal in themselves and/or distributed through illegal

8See Morse, RichardandHe, Gan fiThe Wor |l ddés Greatest Coal Arbitrage:

Implications for the Global Market
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channels, such as the selling of stolen goods, certain,dnugsregistered handguni the

context of the Chinese coal uistry, the grey markes often supplied bysoc al | e d
minesthatalmost always operate with adequate recognition of local governmental officials.

i

|l | ega

Currently, national coal production in China equals the sum of coal output in all provices a
autonomous regions. While one would expect @rgamilar relation holds for national coal
consumption, it is actulgl not the case in China. According@hina Energy Statistical
Yearbookthe summation of coal consumption in all Chinese provinces and autonomous regions
is significantly higher than national coal consumption data reported by the NBS in recent years.

Figure 12: Unexplainable Coal Consumption at Provincial Level in China
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Note: As a percent of national coal output in a specific year = (unexplained coal consumption at provincial level in

China) / (original national coal output reported by the NBS in respective year). Data for 1991 to 1994 are

interpolated according to 19@Md 1995 figures. Source: NB&rious yeard).

Taking coal imports/exports, storage charagel losses in coal washing and dressing into
consideration, FigureZlshows that unexplained amounts of coal consumptidreg@irovincial
level have increased rapidly since 1990 and first peaked at 561 Mt in 2001, when underreporting
of coal statisticsvasofficially recognized Since then, the grey picture of coal stated

distortion in China has only improved marginaliyuntil 2005 andhenrebounded sharply
thereafter, reaching 512 Mt in 2008. As a result, grey markets may still account for up to 18
percentof thenational coal output originally reported by the NBS in 2008.

Similarly, coal mine safety statistiesefull of controversy in China. According to official

statistics, more than 250c o a |
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1949. In comparison, independent sources put much higher fatalities than official statistics,

t hough Chinese governmentos

t he

Key drivi
reliance on underground mining operatici&gaseous nature of Chinese coal mines; too many

small mines; collusion between local officials amdliery owners; lack of law enforcement; lack

ng forces

underl ying C

safety campai
fatality rate from 5.06 death/Mt of coal in 1999 to 0.892 deatlf\bal in 2009.

hinads notor.

of media monitoring; absence of local NGOs and unionization of workers; conflict of interests
S s lcaaltmine safsty chdllende lofieem a 6
outside its coal indas/. For instance, drivers such as rampant corruption and lack of sufficient
media monitoring cannot be solved within the Chinese coal industry alone.

among key stakeholders n d

mor e.

Figure 13: Coal Mining Safety in China: Official Statistics versus IndependenEstimates
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Based on the aforementioned assesgntke authopropose several hypotheses regarding the
cal reporting,
below should be assessed with rigor by researchers, ideally with encouragement from the
Chinesggovernment:

A Sincethemid-1 99 0s, coal

status

statistical collection systent is caused by the existence of grey coal markets in China
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A Up to 100to 200 Mt of coal output may be underreported inrShin recent years,
which needs to be corrected by the Shanxi Bureau of Statistics

A Up to 300to 600 Mt of coal output may be underreportethainational level in recent
years, which needs to be corrected by the National Bureau of Statistics.

A The coalsupply statistical revisions by the NBS in 2006 and 2010 have not fully
corrected the aforementioned statistical distortion.

Currently, the size of grey markets in the Chinese coal value chain seems to have grown to
dangerous levels that are too signifitto be ignorefit is recommended that the Chinese
governmenshouldconsider assesg) the current situation and fixg any inconsistency within

its statistical reporting systen®therwise ongoingcoal statistical distortion is likely to not only
severely undermine Chinads policy initiatives
abatement in the years to corbat alsoto make it difficult for the international community to

verify policy achevements claimed by the Chinese government
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Industrial Organization of the Chinese Coal
Industry

By Jianjun Tu

1. Introduction

Cod currently accounts fombout30percenb f t he wor |l dds pri seeondy ener
only to oil. In Ching coal is the most dominahtuel , representing 70 perc
primary energy consumption and P8rcent of its proven reserves of fossil fU&p 2010. In

20100 Chi nads r e pf@R4bidiah toonesaGt) represenmatyhalf of world

total! Chi nadés heavy rel i ance moratharBl peiceneohisus coal |,
electricity generation, brings benefits in terms of energy sediNB various yearga). The

conversion of coal to chemicals, liquid fuedsid synthetic natural gas can allow an even greate

reliance on its domestiesources thapossiblein manyother countries. Recently, the Chinese
government has encouraged statened energy companies to invest in coal mines outside of

China to secure external coal supplies that w

Coal has undoubtedly played a kregtherChinese i n Chi
economywasopened to the outside world in 19Tvertheless, the unprecedented exploitation

and utilization of coal has also created enormous environmental and social challenges such as 1)

coal mining wastes and land subsiderslated esironmental impacts in many areas of the

country; 2) severe water shortage in major coal mining regions such as Shanxi, Strahnxi

Inner Mongolia; 3) mounting safety challenges as more thajp@8miners have died in

Chinads numer outss coianceni h®4 accd)demottl| eneck of
infrastructurglespecially rajl; 5) deteriorating air quality in many urban centres and adjacent

regions; and 6) greenhouse gas (GHG) emissions abatement pressure especially after China
overtook the Unitetates as the lead in G@missions in 2008

! National Bureau of Statistics and BBtatistics from industrial sources suggest 3.41 Gt as coal output in 2010.
2 Official statistics. Independent sources suggest much higher fataéiesection five for detail.

% See Figure 4. for detail.
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Historically, China has been a net coal exporter because of a large reserve base, low labor costs,

attractive exportpricege nd gover nment tax incentives. Il n =2
94 million tonnes (Mt) with net coal exports at 83 Mt. Since then, spiking domestic coal demand
coupled with the centr al g 0 v ded to mdearéagesin r est ri c

exports(NBS various yearb). In 2009, the prolonged dispute on contract thermal coal prices
bet ween Chinads major coal atradiwelypiced a@aBomand po
the international markets lédrned the countrinto anet coal importer.

The world hard coatrade is dominated by seaborne transport nfag@pposed to overland

transport via rail)which accounted for 91 percent of world coal exports in ZIER 2010)

Given that the volume of world seaborne coal trade istldssan one third of Chin
productionamoderate shifo f Ch i n a 0 s&xportdaldnchdasthg potertial to disrupt

the international coal trade.

This study examinethe industrial organization of the Chinese coal industry. The m®smf
this study are to 1) comprehensively review the Chinese coal value chain and 2) identify
problems and policy challenges in the Chinese coal industry.

1.1 Historical Evolvement of the Chinese Coal Industry

While planning is a key characteristic of tatized, communist economies, a plan established
for the entire country normally contains detailed economic development guidelines for all
regions, and théve year planof China are a series of such economic development initiatives.
As China has transitioned from a planned economy before 1978 to an increasingly market
oriented one in recent years, the name fodttth Five Year Plarwas officially changed to
"guideline”instead of "plan" Nevertheless, it is still commonly referregas a plan

Since 1949, the governance structuréhef Chineseoal industry hasvitnessed continual

change The former Ministry of Coal Industry (MCI) has been created and abolisbeeral

times. Since 1978, statevned coal mines became encumbered by heavy welfare obligations to
their bloated workforces and millions of retired workers. Unable to meet the burgeoning demand
for domestic coal, Beijing had to encourage private imuest in the coal industry. As a result,

the share of coal production by township and village enterprises (TVE) grew from 15.4 percent
in 1978 to 46.2 percent in 1996ClI various years)In 1998, the MCI was finally abolished.

With the emergence of the National Energy Administration (NEA) under the National
Development and Reform Commission (NDRC) in 2008, the era of the centralized governance
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for the Chinese coahdustryhas been permantly ended. In 2010, the creation of the National

Energy Commission igetanother attempt by Beijin nationally coordinat€ hi nads ener gy
sector. Nevertheless, the management responsibility of the Chinese coal industry is still

fragmented among mampvernmental agencieSee Appendix A for more detail.

1.2 Current State of Government Policy and Regulations

1.3.1 Review of the 11th Five Year Plan (FYP)

Chinas 11thFive Year Guidelinegor Plan) issued in March 2006, set out the objectives and
overarching pnciples of the country's continued modernization drive between 2006 and 2010.
Under the overarchinguidelines detailed plan$or each sectowere prepared by the relevant
government departments. Th&thFYP for the coal industry was issued by the NDRC in
January 2007. The plan defines major tasks of the coal industry as follows: 1) to optimize
distribution of coal production capacity across different mining districts; 2) to adjust and control
coal outputand resource capacity; 3) to establisHat8escale coal production bases; 4) to
nurturelargescale coal mining groups; 5) to consolidate and retrofit smatimediumscale

coal mines; 6) to encourage scientific innovations in the coal industry;mptove coal mine
safety; and 8) to establish resousf@cient and environmeatly friendly mining districts.

The plan devotes an entire chagteenvironmental impact assessment, which indicates

Bei jingds i ncrtheglarimantpl eeagieal degragatian canded by coal mining
activities. In addition, the NDRC set detailed control targets for coal production, mine capacity
developmentand small coal mine consolidation for eadatproducing province. Nevertheless,
the actual nationadoal production level in 2008 (2,802 Mt) has already exceeded the output
control targets in 2010 (2,600 Mt) set by the NDRC, which indicates the difficulty of regulating
an increasingly markedriented industry througbommandandcontrol style plans.

1.3.2 Outlook of the 12th Five Year Plan

The essence of tHith Five Year Plan of the Chinese coal indussryeported to béhe

promotionof orderly,industrywide harmonious development with due consideratichef

ecology and environment. As a resalipacity expansion is expected not to be treated as the

sole target of sector development. Instead, opewdtifficiency shalld be increased to alleviate

c o adnvra@enmental impacts, arthle safety record needs to be further improved. The

experiencegi ned during Shanxi 6s coal resource cons
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the rest of the country. In other wordsallscale private coal mines in the rest of the country
are likely to be either merged wisttateowned enterpris€SOE) mines orforcefully shut down.
SOE mines will be expanded to improve operati@fficiency of the coal industry. Not
surprisingly, production restrictions, closure of small coal miaed sector consolidation are
expected to be the three main themes ofigta FYP.

In addition, the Chinese government plans to stabilize coal output in central &dstate
investment is expected to be discontinued in regions in east China that are unsuitable for the
development ofargescale coal mines. Meanwhile, closwfesmall coal mines will be
implemented in east Chiffawhile overcapacity has become a concern for the Chinese coal
industry after the 2008/09 economic slowdadfanissue that has largely subsided by 20tbgl
production capacity with appropriate dgfeonfigurations remains insufficient. As a result,
safety standards and enforcement are expected to be further sneaéspecially for small

coal mines.

1.3.3 Review of Coal Industry Policy

The Chinese government has established the rule of lawuas d a me nt al t o- t he c o
term transformation from state control of the economy to a market economy within a state

planning framework. The legal and regulatory system for the coal industry has been reformed

along these lines. A multiplicity o&Wws, regulationsand standards currently in force deal with

six core aspects of the coal industry: 1) resource administration; 2) safety supervision; 3)
environmental protectiort) industry administratior§) energy conservatipand6) emissions

control However, some existing laws, regulatioasd standards are considered t@bedated

Given the rapid development of the industry, the mechanisms and capacity regsiigdg

effective enforcement of these laws, regulati@msl standards are sonme¢s inadequatayhich

leads tosevere sustainability challenges.

The multiple laws, regulations, and standards listed in Tafilaifn to cover all aspects of the

coal value chain and deal with various environmental issues simultaneously. Howevdr, thoug

the coverage of these laws and policies is quite extensive, the ambiguous wording and the lack of
supporting economic instruments, specific regulatory standards (e.g., on point source or ambient
emissions or technologies), and technical support ofter tighkn difficult to be implemented at

* http://www.china5e.com/show.php?contentid=77252 [2000.8]
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the local government levels. Other problesith the existing laws, regulations, and standards
include 1) individual policys often governed by too many agencies (compromising the effective
implementation of government policy and resulting in inadequate monitoring) and 2) insufficient
support and encouragement for enabling technologies (key to the sustainable development of the
Chinese coal industry).

Table 1-1: Coal Industry Policy in China

Type of Policy | Title

Environmental Protection Law

Atmospheric Pollution Prevention and Control Law

Solid WastePollution Prevention and Control Law

Environmental Impact Assessment Law

Energy Conservation Law

Laws and

. Circular Economy Promotion Law
Regulations

Cleaner Production Promotion Law

Coal Law

Mineral Resources Law

Water and Soil Conservation Law

Land Administration Law

Decisions of the State Council on Implementing the Scientific Development Concept
Strengthen Environmental Protection

Opinions of the State Council on Promoting the Sound Development of thénGosiry

Administrative
Orders and
Standards

Special Regulation on Land Reclamation, Provisional Measures for Environmental
Protection in the Coal Industry, Emission Standard for Pollutants from the Coal Indus

Cleaner Production Standard for the Coal Industry, Emission Stand@mhbBed
Methane/Coal Mine Gas (trial version)

Guideline of Environmental Impact Assessment for Coal Mining Projects.

11th Five Year Plan on the Prevention of Acid Rain and Sulphur Dioxide Pollution

11th Five YealPlan on the Development of the Coal Industry, Coal Industry Policy

Opinions (of the NDRC) on Emission Reductions and Energy Conservation in the Coi

Other Relevant
Industry

Government
Policies Opinions (of the NDRC) on Coal Mine Methane Control and Utilization, Technical Pol
for Sulphur Dioxide Emission Prevention and Control

Opinions of the NDRC on the Experiment of Sustainable Development in the Coal Inc
in Shanxi
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9th Five Year Plan on Cleaner Coal Technology and Development Outline in 2010

Preferential Policy oower Generation Demonstration Projects with Cleaner Coal
Technologies

Source: TFSUE2009.

1.3 Report Structure

Theauthorpesents Chinads c o asectionevefollowedhy anamalysis r es er
and projection of Chisectordtisree.c Seetion fodredetealscdal t o 2030
transportation by mode. In section five, the analysis focuses on grey coalsweantissociated

coal statistical di stortion. I n section si x,
change regime and the futwethe Chinese coal industaye presented.
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2. Coal Supply

2.1 Coal Resources and Reserves

As illustrated in Figured , 89 percent of Chinabds gross

coal

provinces (or municipalities or a-lidhangshanous r e

Xuefengshan serial of mountain rangd®se provinces include Shanxhaanxi, Inner
Mongolia, Ningxia, Gansu, Qinghai, Xinjiang, Sichuan, Chongqing, Guizhou, YuandrTibet.

Twentyprovinces (or municipalities or autonomous regions) to the east of the above mountain

ranges accounts for only 11 percent of gross coal ressin China.

Figure 2-1: Chinese Coal Resource Distribution Map

Chinese Coal Resource Distribution Map i
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Source: Ministry of Land and Resources.

Similarly, 93.6 percent of gross coal reserves are located in 18 provinces to the north of the

KunlunsharQinling-Dabieshan serial of mountain ranggmese provinces include Beijing,
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Tianjin, Hebei, Liaoning, Jilin, Heilongjiang, Shandong, Jiangsu, Anhui, Shanghai, Henan,
Shanxi, Shaanxi, Innévlongolia, Ningxia, Gansu, Qinghai, and Xinjiang. D614 percent of

gross coal reserves lie in 14 provinces to the south of these mountain ranges. Not surprisingly,
the unbalanced resource distribution dominated by geologic conditions largely determines the
pattern of coal transportation in China thateyatly follows routes from the north to the south

and from the west to the egSESUC 2009.

Table 2-1: Coal Resources and Reserves in China at the End of 2006 (Gt)

Planning Area No. of Basic . Total
ince/ icipalities/ Minin Proven Reserves Prognostic Reserves

(Proylnce Municipalities/Autonomous lining Reserves A Reserves* A

Region) Districts

Jing-Jin-Ji (Beijing, Tianjin, Hebei) 277 2.70 7.69 9.57 17.25

Northeast (Liaoning, Jilin, Heilongjiang) 1,208 5.45 14.45 17.57 32.03

East China (Jiangsu, Zhejiang, Anhui, Fujig

Jiangxi, Shandong) 1,440 11.01 25.38 31.17 56.54

Central South + Hainan (Henan, Hubei,

Hunan, Guangdong, Guangkiainan) 1,576 8.37 15.79 17.12 32.91

JinShangMengNing (Shanxi, Shaanxi,

Inner Mongolia, Ningxia) 1,320 126.51 220.16 532.15 752.31

Southwest (Chongging, Sichuan, Guizhou,

Yunnan) 1,454 18.25 29.04 62.93 91.96

Xin-GanQing + Tibet (Gansu, Qinghai,

Xinjiang, Tibet) 690 10.25 20.98 155.80 176.77

Total Coal 7,965 182.54 333.48 826.30 1,159.78
Coking Coal 64.3 124.2 150.3 274.8

*: Resources. Note: Basic reserves are based on relatively extensive geological exploration activities; they are
suitable for resource extraction in the near future or longer term. The proven coal reserves are the portion of basic
reserves that can beammically recovered in the near future. Prognostic reserves are primarily based on
geological inferring and modeling instead of extensive exploration activities. Total Reserves = Basic Reserves +

Prognostic Reserves. Source: Huang €808 and CCTD.

Chinads coal r es our O@km’, encompassing pelicemtroithear ea of 6
countryds 9 There are fivd majorrcoakendowment districts in China: northeast,

north China, south China, northwest, and Tibet and Yunnan. The China Geological Survey

reported that Chinads iGtMER199dIn 2006athe Minstsyour c e s
of Land and Resources (MLR) reported that Chi
7,965 miningd stricts, comprising 334 Gt of #fAbasic r
reserve® Chinads coal resource classification i s
international standardBP0 statisticshaven ot updated Chinabds Hroven ¢
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Gt for many years, which is significantly lower than the similar figure at 182.5 Gt in Tdble 2
(Huang et al. 2008, BP 2010)

Figure 22showsChi nadés coal resour c &Lighife actouritsfon13i50n by
percent of Chinads coal resour ce. percenamder Mong
13.8 percent of Chi nad dowrankbhitumineus coagsimadly ces, r e

concentrate on coalfields in the Erdos Basin, Datong, south Liaoning, and Xinjiang. Coking

coals are primarily produced in Shanxi, Hebei, Shandong, north Jiangsu, north Anhui,

Heilongjiang, Liaoning, Xinjiang, Guizhou, Sichuan, Hunand Jiangi, and Shanxi alone
accounts for 55 percent of Chinads proven cok
produced in Shanxi, Guizhou, Yunnan, south Hunan, west Beijing, Fujian, Jiangxi, Guangxi,

Yunnan and NingxigEditorial Board of CCCl 1999

Figure2-22 Chi nads Coal Resource Distributio

Anthracite, 12.8% Lignite, 13.5%

Long Flame

Unclassified, 16.0% Coal, 8.1%

Noncaking
Coal, 13.9%
Meager Coal, 5.6¥%
Lean Coal, 4.3% Weakly Caking
Coal, 2.0%

Coking Coal, 5.4%
Fat Coal, 3.6% Gas Coal, 14.89

Source: Editorial Board of CC1999.

® Classification of coals in China (GB/T 572009 Chinese [@ssification of Coals) is not consistent with the
international standards. For instance, ASTM D-3885 Standard Classification of Coals by Rank classifies coals
as metaanthracite, anthracite, semianthracite, low volatile bituminous, medium volatitaibous, high volatile (A,
B, C) bituminous, sulbituminous (A, B, C)and lignite (A, B). In comparison, ISO 11760:2006lassification of
Coals categorizes coals as anthracite (A, B, C), bituminous (A, B, C, Bbjtsmhinous (A) and lignite/browrcoal

(B, C).
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2.2 Coal Production

2.2.1 Historical Production

There are only 13 major coal mining districts or coalfields in China that are suitable for surface
mining operations, and coal suitable for surface miningrepreselytd . 1 per cent

ensured reservésin the mid-1990s, surface mining accounted émly about 3 percent of

national coal productioWu 1996. This ratio increased slightly to 4 percent in 20Bdn et al.
2003 ard about Sercento 8 percent in recent years. Though the Chinese government
encourages the developmentargescale surface mines, coal output from surface mines are
unlikely to exceed 10 percent of natibpeoduction in the near futudue to resouwe constraints.

Figure 2-3: History of Fossil Fuel Production in China, 19492009

25 Coal National Campaign to Close
Laobaidong Explosion Small Mines Began (1998) National Energy
—-e-- Qjl Kiled 682 Miners (1960) Commission (2010)
2.0 - -
N Gas Deng Xiaoping Opened the
e Chinese Economy (1978) National Energy
- Start of the Great Leap Administration
© 1.5 | Forward (1958-1961) Cultural Revolution (2008)
= (1966-1976)
= Inception of the
E PRC (1949)
Og 1.0
3 Official Correction of
a Disc f Distorted Coal Statistics
0.5 spracnipit dod Became Net Oil Importer (2006 & 2010)
d(.mg(:wJ (1993) "
- 900000000000
4 y&ooO"ooﬂ'."...“..
aneessee®

1949 1959 1969 1979 1989 1999 2009

Note: Coal output data between 1999 and 2004 was first revised by the National Bureau of Statistics in 2006. Coal

output data between 1997 and 2008 were revised again by the same agency in 2010. Production unit is tce (tonnes of

coal equivalent), 1 tce =9231 GJ. Source: NB&arious yeard) and CCTD.

As illustrated in Figure:3, coal has been Chinads most

of the PRC in 1949 when coal accounted

coal 6s share of Chinads tedtb&l6 pdrcens due tb thefrapid |
development of the oil industry in the past decade. In 1990, the baseline year of the Kyoto

® http://kbs.cnki.net/forums/50150/ShowThread.aspx [July 1, 2009].
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Protocol, <coal represented 78 percent of Chin
Chi nabds t oproductiorf hassmundedof8b meilcent due to 1) the loss of oil self

reliance in 1993nakingenergy security a primary concern for Chinese decision méeatly
benefitingdomestically abundant amow-cost coadl and 2) the economic boom in the pidste
decadegrequiringenormous amounts of energy that are diffibnlineetoy anyalternative

energy production, transpedand distribution infrastructure other than qoal

Figure24 presents Chinadbés coal p r @umardytusedintheby t y p e
fertilizer and coal chemical industries in China. In 2009, anthracites accounted for 18.5 percent

of national coal production. Lignite is suitable for electricity generation and coal gasification.

Lignite production in China incread rapidly from 2.7 percent of national coal production in

1990 to 12.3 percent in 2009. Finally, bituminous andisttbninous coals accounted for 69.2

percent of national coal output in 2009.

Figure 2-4: Coal Production by Type of Coal in China, 1952009

100%' - - T I S S S e S I B
B N Lignite
80% -
5
o
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O 60% -
@]
Pt lS_ub _
= bituminous
% 40% - &
° Bituminous
&
20% - N
. _ BB . l ® Anthracite
0% -

19521955196019651970197519801985199019952000200520072009

Source: CNCA2006), CCII (various yearsand industrial sources.

2.2.2 CoalProduction Bases

Under the 11th FYPL3 large coal bases were plan(see Rui, Morse and He for a detailed
discussion of cogbower bases in China)logether these 13 large coal bases include 98 mining
districts as listed in Table2 They cover a land area of 103,388%kwith rich reserves at 853

Gt of a broad range of coal types, generallfzigh-quality, good mining conditiongind the
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ability to support largescale mining operations and ancillary facilities. Masgjescale

Greenfield coal mines in China are expected to be added in these Ipasesciple, each coal

base allows the existenceanily one primary developer. Givenathmany coal mining

enterprises often operate at the same coal base, the emphasis on the single developer concept
indicates that resource consolidation will continuously be the overarching policy of the Chinese
coal industry in the years to comin 2010,output at thee13 coal production bases reached 2.8
Gt, accounting for 87.5 percent of national total. Duringl®# FYP period, Xinjiang has been
promoted from a coal reserve base asl#tbcoal production base in China.

Table 2-2: List of 13 Coal Production Bases in China

Acre?ge
Planning Coal Base | Province (Km%/ L'.St.Of Mlplng Districts (No. of Major Rail Lines
Zone Reserves | Mining District)
(GY)
Inner
Shendon Mongolia, 9,000/ | Shendong, Wanli, Zhungeer, ShenShueHuang Line, Long
9 Shanxi, 146.6 Baotou, Wuhai, Fugu (6) Hai Line
Shaanxi
ZhengzhotXi 6 an Sec
. . 14,440/ Long-Hai Line, HouXi Line,
Shaanbei Shaanxi 109.8 Yunshen, Yuheng (2) X i oNanjing Line, XiKang
Line
Shanchang (inc. Yonglong),
3,262/ | Huangling, Xunyao, Tongchuan,| \,. .. .
Huanglong | Gansu 15.7 Pubai, Chenghe, Hancheng, Ning-Xi Line
Huating (8)
Datong, Pingshuo, oo
L . 5,278/ . Da-Qin Line, FengShaDa
Coal Jinbei Shanxi 53.0 Shuqnan,Xuaglang, Hebaopian, Line, JiTong Line
Export Lanxian (6)
Zone 8372/ Xishan, Dongshan, Fenxi,
Jinzhong Shanxi y Huozhou, LiliuXiangning, ShiTai Line, TatJiao Line
917 i
Huodong, Shixi (8)
. . 8,209/ Jincheng, Lu‘an, Yangquan, . . .
Jindong Shanxi 767 Wuxia (4) HangChang Line, Taliao Line
Zalainuoer, Baorixile, Yimin,
Inner Dayan, Huolinhe, Pingzhuang,
?{I\Ieor;?hdeo;s% Mongolia, 1%;%13/ Baiyinhua, Shengli, Fuxin, Tiefa,| Bin-Sui Line, SuiJia Line
Northeast ' Shenyang, Fushun, Jixi, Qitaihe,
Shuangyashan, Hegang (16)
ShizuishanShitanjing, Lingwu,
: Lo Yuanyanghu, Hengcheng, L i
Ningdong Ningxia 1,100/8.8 Weizhou, Majiatan, Jijiajing, Ning-Xi Line
Mengcheng (9)
. . . 6,863/ . - . . . .
Lianghuai Anhui 571 Huainan, Huaibei (2) Jing-Hu Line, HuaiNan Line
Yanzhou, Jining, xinwen,
Coal Luxi Shandong 4,500/ Zaoteng, Longkou, Zibo, Jing-Hu Line, YanShi Line
Import 18.6 ich h .
Zone Feicheng, Juye,Huanghebei (9)
Henan Henan 7,794/ Hebi, Jiaozuo, Yima, Zhengzhou ip\?iggzggzﬁu?_?r?étﬁg iictlon
194 Pingdingshan, Yongxia (6) ¢ 9 yang

Shimen Section of Jiabiu Line
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Acreage
. 2 . . . . .
Planning Coal Base | Province (Km?)/ L'.St.Of Mlplng Districts (No. of Major Rail Lines
Zone Reserves | Mining District)
(€]
Fengfeng, Handan, Xingtai,
Jingxing, Kailuan, Yuxian,
Jizhong Hebei 2,556 / 6.5| Xuanhuaxiahuayuan, North ShulgzhuangGuangzhoy
- ; Section of JingGuang Line
Xhangjiakou, Pinguan Large
Coal Fields (9)
Panxian, Puxing, Shuicheng,
Self— . Yunnan, 20,191/ L'.UZh" Zhina, Qianbei, Laochang NanKun Line, Zhuliu Line,
Reliance Yungui . Xiaolongtan, Zhaotong, . -
Guizhou 43.5 . . QianGui Line
Zone Zhenxiong, Enhong, Junlian,
Guxu (13)

Source: Acreage and resources are based on Wu and(@f1@yand

http://www.chinacoal.org.cn/coaljjyx/266/18786.aspx [2@2411].

2.3 Industry Structure and Organization

2.3.1 Type of Enterprises

There are three typ@d coal mines in China.

Key SOE minesonce managed by the former MCI, are currently supervised by provincial
governments except for ShenBeoup and China Coal Energy Company. This group

accounted for half of national coal output in 2009. Coal production and sales of Shenhua Group,
the largest statewned coal mining company in China, reached B2&nd 357 Mt in 2009. In
comparison,Pdaody Ener gy Cor p. , -ownedcoaloniningicbngpany,ar g e st
producedbnly 172 Mt of coal in the same ye@eabody @09, U.S. EIA 2009. Moreover,

Shenhuatés fatality rate was 0.027 death/ Mt of
average at 0.86 death/Mt of coal in the same year. Not surprisinglyhithes€ government is

trying to promote the Shenhua model.

" The difference was coal bought by Shenhua from other producersT(&¢c mi nes) primarily due
lack of access to rail transport network.
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Figure 2-5: Coal Production by Enterprise Type in China, 19492009

35 = : : Shanxi's Second
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B
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Note: Underreporting represents coal statistical revisions made by the NBS in 2006 and 2010, which has not been
disaggregated by the NBS in terms of type of coal enterprises. Source: TH@OB8nCCII (various years)
SXCOAL, and CCTD.

The numerousownshipandvillage enterprise€TVE) in the Chinese coal industry are mines
invested and controlled by agricultural collective economic organizations or peasants. They
have caused many regulatory challenges such as environmental degradation, taxaswhsion
mining accidentstheir numbewonce exceeded 100,000 in 1991 but has been reduced
significantly thereafte¢(CClIl various years) TVE mines accounted for about 38 percent of
national coal output i2009.

Finally, local SOE mines are owned and superviseith®ypcal instead othecentral
governmenttheir market share shows a declining trend in recent years. In 2009, local SOE
mines accounted famly about 12 percent of national coal output.

Due to the Chinese governmentds continuous po
consolidate the coal industry, the ownership boundary among diftgpe® ofmines has been

blurred by the establishment of joint ventures (eitteefactoor dejure) between SOE mines and

private investors, which is especially applicable to local SOE mines. As a result, the statistical
collection and regulations of the Chinese coal industry are expected to gradually shift away from

the ownershigocused systenotvards a capacitpased oneThe policy preferenctor large
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scale mines with capacity above 0.9 Mt/annum has successfully incteapedduction share

of this category from 30 percent in 1991 to 46 percent in 2008. They are expected to become

increasingly dominant at the expensesiofallscale mine¢CCll various years)

2.3.2 Cost Canparison of Different Producers

Table 23 lists coal production cost breakdown by type of enterprises in Shanxi. In recent years,
production costs of all types of coal enterprises increased rapidly primarily thegtowth of
wages, fuel prices, royales and other government taxes.

Generally speaking, key SOEs have the highest production costs due to 1) relatively higher

technological, environmentand safety standards maintained by key SOE mines aand 2)
bloated workforce in many key SOE minaberited from the central planning era. In
comparison, TVE mines have the lowest production costs due to 1) poor technological,

environmentgland safety standards at most TVE mines; 2) lowest wage rates; and 3) common

practices of underreporting coal put.

Due to

TVE minesb®o

| ower

production cost s,
SOE mines, and TVE mines can profit with significant lower retzal prices than SOE mines.

Nevertheless, their lack of access to the national raiivefyork has weakened their marketing
ability to coal end users in remote regions.

Table 2-3: Coal Production Cost Breakdown by Type of Enterprises in Shanxi (yuan/tonne)

Type Cost 2000 2001 2002 2003 2004 2005 2006 2007
Average retail prices 129.26 | 143.23 | 160.42 | 173.57 | 226.68 | 296.2 | 309.58 | 330.65
Key SOE Unit costandexpenditure | 132.16 | 139.74 | 155.7 | 168.26 | 191.96 | 247.6 | 257.63 | 286.88
Mine Raw coal production costy] 69.01 72.38 80.92 85.46 121.9 156.3 | 159.93 | 179.31
Profit -2.9 3.49 4.72 5.31 34.72 48.6 51.95 43.77
Taxes 2.62 2.79 3.29 343 3.62 6.16 6.93 7.66
Average retail prices 61.96 | 78.80 | 103.76 | 109.03 | 107.30 | 206.10 | 195.68
Production costs 45.76 62.29 75.71 86.09 74.98 | 116.82 | 152.28
Energy costs 10.06 10.36 10.35 13.19 10.84 10.58 15.74
Other materials 15.70 13.28 14.18 20.48 17.51 20.24 20.24
vocal SOF | Labor 17.34 | 2698 | 27.88 | 20.81 | 30.95 | 30.31 | 29.24
Investment 2.66 11.67 23.29 22.61 15.68 55.68 87.05
Interests 4.56 2.97 2.94 4.25 6.84 11.47 1.67
Taxes 6.08 7.97 10.82 13.04 12.98 24.59 26.44
Otherfees 3.67 5.00 5.94 4.98 10.00 | 10.00 9.24
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Average retail prices

Production costs
Energy costs
Other materials
Labor

TVE Mine Investment

Interests

Taxes

Otherfees

Expenditures for town and

villages

149.34
100.03
12.24
25.63
34.32
20.91
6.23
10.55

4.07

1.53

192.26
115.63
13.67
27.15
41.65
24.63
12.73
15.16

4.86

10.76

177.89
94.03
12.00
23.14
40.24
19.56
39.39
17.53
4.45

5.59

154.93
100.15
13.23
20.27
45.50
15.72
4.27
24.52
4.64

15.13

Source: Adapted from Wang and H4g008).

2.4 The Role of Government

Government supervision and administration of the Chinese coal industry is mainly performed
through licensin@nd regulatiorof market entry, work safety, trading and processing, and other

activities in the seot, as illustrated in Figure@ According o Article 24 of theCoal Law

1996 and th&®ules on the Administration of Coal Mining Licsg a coal mine must obtain a
coal mininglicensebefore commencing operatioit present, coal mininicensesare mostly
issued by provincial development and reform commissions or coal industry administration.
Agencies responsible for licensing differ from place to place; not every province has a coal

industry bureau and other agencies assume responsibiliantss of coal miningcensess
restricted to the provincial level; county and city agencies are responsibi@yanitial or
partial examination of applicatiofEEA 20093.
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Figure 2-6: Coal Mine Licensing Procedures

Applicatif)n by | Reform aqd l_)evelopment Industrial and Emp_lqyee
Enterprises Commission / Coal Commercial Training
Industry Bureau _ | Administration
Project examination and
approval (mining Approval of
enterprise approval) enterprise name
\/ y  J
Environmental Coal Mine
Protection Administration National é:;:a'g‘l“xgx( Safety
Approval of environment Land and Safety Inspection
impact assessment Soil Department Departments
Resource
Water Resource » Department
Administration Qualification WS
i certification qualification
Approval of soil and Mineral P certification
water conservation licensing ormine of mine
scheme managers managers
 /
Coal Safety Reform and Development
Supervision Commissions / Coal
Department - Industry Bureau
Work safety licence Coal mine licence

Source: Adapted from Figure 3.11 at IE20093.

The importance of the governmesagulationin the coal mining industris also reflected in the
taxes and fees imposed on coal enterprises. The production costs of Chinese coal enterprises
have increased significantly in recent years e higher taes and fees imposed on coal

mining enterprises; 2) the promotionregw pricing mechanisms fane acquisition of coal

mining rights; 3) the establishment of the mechanism of coal mine environmental recovery
deposit(a type of environmental feegnd 4) tle improvements thesocial insurance system for
employees at industrial and commercial enterprises.

2.5 Reference Coal Production Trajectory

In the past, China appearsttave maintained shoriterm planning function whereby detailed
projections for coalemand are provided for the coming yeart it is extremely rare to see
projections for coal use in each subsector over longer time periods from official sources. Even
when such information is available, benchmarking past projections with actual statistics
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generally indicates very poor traclimecords in terms of providing accurate and meaningful
forecasts.

China is struggling to reconcile itentralizedplanning edict with a growing marketiented

economy with socialism characteristics. One
preferencdor settingcoal produdbn control targetsChi naés coal producti on
2010 was set as low as 2.6 Gt in 1i¢h FYP for thecoal industry Over the medium to longer

term, thegovernmenprojections then assumed that coalstonption in 2020 will increase to

2.9 Gt(Minchener 200Y. Given Chinads coal 3®4Guid20kOt i on ha
coal production control targets are likely to be reviseartmnd3.8 Gt by 2015 during th¥2th

FYP Period.

Figure 2-7: Reference Coal Production Trajectory in China by 2030
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Not e: Reference coal production forecast in this study

interview with Chinese academia and officials between

Figure2-7pr esents the reference trajectory of Chin
the Chinese government hesgery strong political desire to control the national coal outpuel

around3.8 Gt/annunby the end othe 12th FYP period, coal output i€hina may be

significantly higher than the reference trajectory under the following two scenartbs: 1)

existence osizable grey coal markets in Chiae. the official coal output statistics in recent

years have been seriously underrepgrtedd 2)h e Chi nese governmentds a
targets are unable to effectively prevent a domestic coal consumptior{spiktar to what

happened during thelthFYP period, when the original 2010al production control target of

2.6 Gt/annunwasfar exceedethterby an actual coal output level 8f24to 3.41Gt/annun).
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3. Coal bemand

3.1 Overview of Coal Consumption in China

China first overtook th&nited Statess the leading coal consuming country in 1886 an

annual consumptiorepresentin@l percent of world total Since then, Chinabos
increasd by 251 percent, reachii®24 G in 2010. In comparison, global coal consumption has
only grown by 55 percent during the same period20itO, Chi naés coal demand

48 percent of global total and was 20 percent higher than the combined coal consumption of the
remainingtop 10coalproducing countrie@BP 2011).

Att he inception of the PRC in 1949, coal accou
energy consumption. Since then, this ratio graduhdtyreasetb 86.5 percent in 1965 and 70.7

percent in 1978 due to the rapid developmenhefChines®il industry. Since the start of

Chi mpeddsoor policy era, coal 6s share of nationse
over time, reaching@0.4 percent in 200NBS various yeard).

Figure3l s hows Chinads coal consumption by sector
and iron and steel were the three largest-coakuming sectors in China, accounting for 21

percent, 19 percent, and 9.8 percent of national coal consumpti®009, electricity, iron and

steel, and nometal minerals were the three largest emmaisuming sectors, accounting for 49

percent, 9.0 percent, and 7.9 percent of national coal demand. Since 1980, national coal
consumption in China increased & percent annually, reachinger3 Gt in 2009. In

comparison, coal consumption for power generation increased more rapidly at 8.7 percent

annually during the same period, reaching 1.44 Gt in 2009.
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Figure 3-1: Coal Consumption by Sector in China
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Source: NBSvarious yearss) and CNCA (2006.

3.1.1 Power Generation

Since 1978, Chinads rapi d econdemanggrogimgatdl o p me n
percent annually. Due to coal 6s dominance in
has grown aanalmost identical pace as the power industry as a whHdlee r ma | power 6s
of national electricity generation has been mainthem®und 8 percent between 1978 andlP0

(NBS various years). In the Chinese context, the dominance of coal, the high cost ahdil

lack ofavailable natural gamake coaffired generatiorthe vast majority of all thermal power

(China classifies both coal and natural-§esd power generation as thermal power)

Figure 32 presents coal consumed by the Chinese power sector and associated energy efficiency
trends over time. Since 1978, ccahsumption for power generaii in China has increased at

7.6 percent annually, reaching 4.&t in 2009. In comparison, thermal poviecreased at more

than 8.9percent annually during the same period. The lower growth rate of coal consumption

can be argely explained by energy efficiency gains achieved by the power indé&stry.
instanceaveragecoatfired generation efficiency in China has increased from 26 percent in 1978

to 36 percent in 2009, the equivalent of 38 percent improve{fN&8 various yearg). In

addition, industrial statistics show ttliaerate of electricity distribution loss was lowered from

9.64 percent in 1978 to 8.06 percent in 1990 and then from 7.81 per@890 to 6.55 percent
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in 2009, the equivalent of a 32 percent improvement on energy efficiency during the study
period? If the Chinese power sector was still operating at the 1978 efficienel, additional
coalamounting tdb43 Mt would have beewasted in 2009. As a result, energy conservation is
expected ta@ontinue tdbe the top priority in the Chase electricity industry igears to come.

Figure3-22 Chi nads EIl ect r i candiMajorGems 19232000 n by
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The average size of new cdakd units in China is about 500 MW, while increasingly larger
units of up to 1.0 GW are commissioned that are close todt#ite-art in their class. The rapid
pace of construction, coupled with closures of small;ééfésient units, means that average
power plant efficiency in China is rapidly catching up with that of developed countries. It is

estimated that the average effitie y o f  CHiredfleebisexpeated to approach 40
percent by 2030EA 20099.

During the past decades, indigenous technological capacity of the Chinese electricity industry

Fu e

hasbecome i ncreasingly sophisticated. I n Oct ok

subcritical power generator was commissionediagwei Power Plant in Anhui. In June 1992,
Chinaés first 600 MW subcritical Ilginer ator

8 Source: China Electricity Council and NBS.
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Shanghai. In November 2004, the first indigenous 600 MW supercritical generator started to
operate at Qinbei Power Pl ant i n Hsupescntical | n f
generator (1.0 GW) was commissioned at Huaneng YuhuarrfRlant in Zhejiang.

In 2002, the State Council issued a Circular for the Reform Plan for the Electric Power System,
which officiall yGrkidc kSeech aa faft i tome A RIfaortm i n t he
Under this plan, the generation semnt of the former State Power Corp., which included both

power plants and electric grids all over mainland China, was divided intotheaso| ed @A Bi g F
power generation groups: 1) China Guodian Corporation (Guodian); 2) China Datang

Corporation (Datag); 3) China Huaneng Group (Huaneng); 4) China Huadian Corporation; and

5) China Power Investment Corporation (CPI).

Figure 3-3: Coal Consumption and Efficiency Trends at Power Plants, 1978009
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The transmission and distribution segment of the former State Power Corporation was divided
into the State Grid Corporation, headdaegd in Beijing with its five regional subsidiaries, and
China Southern Power Grid Corporation, headquartered in Guangzhou. In addition, four
auxiliary groups were established: 1) China Power Engineering Consulting Group Corporation
(CPECGC); 2China Hydropower Engineering Consulting Corporation (CHECC); 3) Sinohydro
Corporation (Sinohydro); and 4) China Gezhouba (Group) Corporation (CGGC).
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In the generation segment of the Chinese electricity industry, competition was introduced
following the PlariGrid Separation reform in 2002. By the end of 2008, there were 4,300
electricity production enterprises in China with capacity above 6 MW, and SOE anrdedthate
share enterprises accounted for 90 percent of the (8ERC various years)

3.1.2 Iron and Steel Industry

The Chinese iron and steel industry has expanded significantly in the past, reflecting a boom in
construction and infrastructure development, as well as strong demand for consumer durables.
Iron and steel outputs in China were 105 Mt and 95 Mt in 198%e $hen, the have increased

by 347percentand 425 percenteaching 471 Mt and 501 Mt in 2008, respectively. China is
currently the worlddés | argest iron and steel
largest producer, producedly 119 Mt of crude steel in 2008. In 1995, coke input to the

Chinese iron and steel industry was 65 Mt. Since then, it has increased by 226 percent, reaching
255 Mt in 2008. In comparison, iron production in China has increased by 347 percent during
the sameeriod. As a result, the coke ratio at key Chinese iron and steel mills has dropped by 27
percent since 1994, reaching 392 kg of coke per tonne of iron in 2008, which indicates a
significant resource efficiency gafNBS various year®, -a).”

The energy and feedstock intensity improvements witnessed by the Chinese iron and steel
industry can be largely explained by 1) commissioniniguafe scale statef-the-art iron and

steel millsand retrofitting of the existing ones; 2) higher levels of recycled steel production; and
3) reliance on merchant producers for coke produgcsioice the average capacity of merchant

producers has been increased siclgsoredsmalscale | 'y by

and backward coking ovens in recent years.

Table 31 suggests that energy intensities of key Chinese iron and steel enterprises have
improvedrapidly. Between 1980 and 2008, average comprehensive energy intensity for steel
produdion in China has improved by 62 percent. In comparison, fuel economy of major iron
and steel manufacturing processes generally shows less significant improvements, which
suggests that part of energy efficiency gains for steel production in Chinaésl teléncreased
level of steel recycling.

° Additional source: Chinese Society of Metals.
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Energy efficiency levels of Chinese iron and steel enterprises differ significantly with each other.
While average energy intensity for steel rolling was 59 kce/t in 2008, the best operators only
required half 6the aforementioned energy to roll one tonne of steel. In comparison, energy
consumed by the least efficient enterprise was more than 300 percent higher than an average
producer. Currently, configurations thie best Chinese producers can be considerée very

close to best available techniques, and key Chinese iron and steel enterprises with the worst fuel
economy performance lag far below national average standards and thus are the targets for
closure, triggered by t lenegyinteasityohteChitese mandat
economy(Wang 2009%.

Table 3-1: Energy Intensities of Key Chinese Iron and Steel enterprises (kgce/tonne)

1980 1990 2000 2005 2008

Category

Average | Average | Average | Average Worst Average Best
ﬁ]‘t’gzgglhfiﬂss":ge'fg’fg%%cﬁon 1,646 | 1274 920 876 783 630 557
%?rgfea;‘g'rigu“cet{gg Intensity 4 5g5 | 1,017 781 714 842 610 504
Sintering* 105 80 69 65 91 55 39
Pelletizing* 74 63 40 49 30 17
Coking* 217 185 160 142 335 120 61
Iron Smelting* 556 526 466 456 531 428 364
Converter* 67 38 29 36 38 6 -13
Electric Furnace* 378 303 266 201 177 82 37
Steel Rolling* 266 187 118 89 238 59 27

*: Data in 1980 and 1990 are based on all iron and steel enter@@ese: Cai et a(2002 and Wang2009.

3.1.3 Chemicals

Unlike in most pars of the world, coals have long been used as a dominant fuel and feedstock in

the Chinese chemical industry due to resource constraintsaggregate energy consumption in

the Chinese chemal industry has increased by 87 percent since 2000, reaching 346 Mtce in

2009 During the same period, coal and coke inpaigehncreased by %rcentand 86 percent,

reaching 123Mt and 21 Mt in 2009 As a result, coal mguredf cokeds
the Chinese chemical industry has been lowered from 48mienc2000 to 42 percent in 2009

(NBS various yeara). Considering the looming potential obatto-liquids (CTL)and other

coal chemical devel opment across the country,
mayreboundn the future
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Currently, major end products of the Chinese coal chemical industry can be categorized under
five technological routes: oking 2) coal gasification; 3) coal liquefaction; 4) coal to chemical
products; and 5) coal to calcium carbide. Only coking and coal liquefaction are discussed below
due to theiexistingscaleor potentialfor growthin China.

Coking:

Chinads coke ¢ ons umpstpiin@anly dsvenibktee rapid expaasomraithe y e ar
Chinese iron and steel industry. Since 2000, coke consumption for iron and steel manufacturing

in China increaed by 215 percent, reaching 272 Mt in 20@8ring the same period, iron and

steel industry accounted for 83 percent of national coke consumption, followed by 8 percent at

the chemical industr§NBS various yearg).

Compared with increasingly stringent environmental regulations and enforcement in the rest of

world, the lax environmental enforcement and cheap labor in China have significantly
strengthened Chinese cokeinthgpasiAs@area swl tc,0 mplreitn & ¢
coke production as the percentage of world total increased rapidly from 20 percent in 1990 to

about 60 percent in recent yedendbecameéncreasingly important for international consumers.
Between 2000 and 200@okeexports from Chinavere maintained at a level around 15

Mt/annum Because of strong political desire for resource conservation and environmental

protection, coke exports from Chidaclined significantly to 12 Mt in 200éhd therto a mere

0.5 Mt in 2009

With49 percentb Chi nadés coking coal proven reserves,
cokeproducing province. Between 1990 and 2009, Shanxi alone produced 32 percent of
Chinads cumul &\BS var®usyeadb,ea) Eigute@dshows coke production
composition by type of coke ovens in Shanxi. In 1985, backward production cdpacity

19 SourceNBS (various years), ChinaEnergy3tatistical Yearbook National Bureau oStatistics, Beijingand
http://www.resourcenet.com.

" This category includes both indigenous coke ovens and modtifittglenous coke ovens. Indigenous coke ovens
are the oldest and most simple indigenous methods of making coke, with significdosbeaid pollutant

emissions during the production process. Since the 1970s, the Chinese coke manufacturers have continuously made
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accounted for 47 percent of coke output in Shanxi. Since finaokwara capacity expanded

rapidly and its share of provincial output peaked at 88 percent in 1995. Following the Chinese
government 6s ban on indigenous coke ovens in
declined over time. Nevertheless, the spiking domesticand coupled with lax enforcement
especially at local levels left plenty of room for the survival and booming of backward coke
manufacturers. The compulsory phase out of backward capacity in Shanxi was not targeted by
the government with vigor until trearly 2000s. With continuous governmental pressure for

closure, the market share of backward capacity in Shanxi has eventually been reduced to a
minimal level.

Figure 3-4: Coke Production Composition by Type of Coke Ovens in Shanxi, 1983008
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The Chinese coking industry has followed a similar trend as Shanxi. In 2001, mechanized
coking ovens accounted for 72 percenth@national coke output at 131 Mt. Since then, large
scale producers have expanded their production capaeityreakneck pace at the expense of
backward coke oven operators. In 2008, market share of backward caestayered to

about 3 percent dhenational coke outpit Because of the governmento6s

improved versions of coke ovens (dec al | ed fAmodi fi ed i ndi genousthe) . Though

quality of cokeproduct, it can still result in serious air pollution and groundwater contamination

12 |nterview with several industrial contacts in 20009.
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backward capacity, the implied resource savings are substantial. Nevertheless, given that the
Chinese coking industry still lags far behind international best practice, resous®rvation
and environmental protection are expected to continuously be the top priority in this sector.

Coal-to-liquid (CTL) :

Table 32 lists major CTL projects in China. Shenhsdhe industrial leader in CTL

devel

opment i

n

Chi

na. |

n

August

2004,

Shenhu

commercialscale direct coal liquefaction plant in Inner Mongolia. With an annual capacity at
1.08 Mt/annunt? the first phase of th project has a price tag #2.3 billion yuan.A trial
operation of the planh December 2008 achieved continuous operation of 303 hours. If this
facility could be demonstrated as technologically viable, Shenhua is expzetquhnd its
overall CTL @pacity to 10 Mtoe/annum in the near future and 20 Mtoe/annum in the long run.
In addition, a 180 kt/annum indirect CTL pilot plamsfirst added athe direct CTL plansite

and then commissioned in 2010

Table 3-2: List of Major CTL Projects in China

Capacit Investment
Developer Location (k?/ N y (billion Process Note
y yuan)
Inner Trial operation | One of the three direct CTiial plantat
Shenhua Mongolia 1,080 12.3 sincel2/2008 | phase one (3,240 Mt/annum in total)
Dependingon . . .
Shenhua Inner 180 N/A the direct CTL Indirect CTL unit added to the above diret
Mongolia unit CTL process
Shenhua ang . - Indirect CTL the possibility forShenhua to
Sasol Ningxia 3,000 30 Feasibilitystudy implement the project without Sasol
IndirectCTLLudan to cons
Lubdan Shanxi 160 35 Tr_|al operation | Mt/annum indirect CTL plant Iate_r and
Group in 12/2008 eventually expand its CTL capacity to 15
Mtoe/annum
. Inner Trial operation | The first commercial scale indirect CTL
Yitai Group Mongolia 160 2.5 in 3/2009 unit in China
Gun Mining . Approved in | Phase one: 5 Mt/annum with a price tag ¢
Group Shaanxi 1,000 10.5 1/2008 50 billion yuan phase two: 10 Mt/annum

Source: Variou€hinese media and industrial sources.

There are some important negative aspects of CTL that offset the advantages it appears to bring
in terms of energy security enhancement, namely that CTL has 1) intensive water requirements

3 Liquid products of direct CTL plant include diesel, naphtha and LPG.
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(3 to 4 tonnes of water p&nne of products for direct CTL and 4.5 to 5.5 tonnes of water for

indirect CTL); 2) impacts on local air quality; 3) cammbustionrelated carbon emission and

process GHG emissions; 4) substantial energy efficiency losses in tie-odatonversion
process, in contradiction with Chinads energy
are required for direct CTL and 4.5 to 5.5 tonnes for indirect CTL to produce one tonne of liquid
products); and 5) significant financial risks associated thighwide fluctuation of oil prices

(8,000 to 1,100 yuan/t of capacity for direct CTL and 1,100 to 1,300 yuan/t of capacity for

indirect CTL)M

Prospects of Coal Chemicals Development in China

To coordinate the development of the Chinese coal chemuhastry, the NDRC developed a
Draft Plan for Coal Chemical Development in Chim&2006. According to this unpublished

draft plan, cumulative investment of the Chinese coal chemical industry is expected to reach
more than Dtrillion yuan between 2006 dr2020, with 50 percent expenses on equipment and
10 pecent on technology developmenh addition, CTL, DME for gasoline substitution, coal
to-olefin, and coalbased methanol are expected to grow to 30 Mt, 20 Mt, 8.at66 Mt by
2020, respectivelNDRC 2006)

Since the circulation of théraft planby the NDRC in 2006, the Chinese coal chemical industry
has shown strong sigief overheating, with numerous CTL, DME, olefand methanol projects
announced across the country. After the worldwide economic slowdown in late 2008, the
existing coalto-methanol capacity in China has already exceeded domestic demand especially
when ficing competition from gaderived methanol from overseas markets. In addition,
technological immaturity, significant financial risksd negative environmental impacts of
largescale coal chemical development have raised doagardinghe overly amhioustargets.

As a result, thiglraft plan was notofficially released by the NDRC and the Chinese government
hasbemme more cautious about coal chemical development.

1 http://cceme.mofcom.gov.cn/aarticle/zhongysl200806/20080605630580.html [August 09, 2009].
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3.1.4 Building materials

Building materials in China can be divided into 1) construction materials and products
manufacturing; 2) nometal mineral products; and 3) inorganic and-n@@tal mineral new
materials.

Currently, China rankblo. 1 in the world in terms of cement, figiass and ceramics production.

In 2006, coal consumption by the Chinese building materials industry reached 197 Mt, which
represents 7.@ercentof national coal consumption and is the equivalent of a 13 percent growth
over the 2005 levef. Manufacturng of normetal mineral products is the most dominant
subsector. In 2006, coal consumption by this subsector accounts for 85 percent of sector total.
Energy consumption of this subsector fluctuated over timédsatill more than doublesince
1995,reaching 269 Mtce in 2009In 1995, coal accounted for 73 percenthefsubsector total
energy consumption, which gradiyatlecreasetb 65 percent in 2009

Cement kilns are the largemtergyconsuming equipment in the Chinese building materials

industry. Figure 35 compares energy intensity levels of various cement kilns. Inceastnt

producing countries, natural gas and electricitytlbe¢p r i mary ener gy carriers
domi nance in Chinabés energy sector, coal and
consumed in the Chinese cement industry. Dry hollow kiln is the most inefficient type of cement
kilns, with energy intensity atbout 300 kgce/tonne. In comparison, mediomargescale dry
process kilnsdé fuel economy performance can b
more efficient kilns such as the dry process
enegy intensity initiatives and mandatory closure of small inefficient kilns.

15 Source: NBS an€hina Building Materials Network.
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Figure 3-5: Coal, Electricity and Fuel Requiremens for Different Types of Cement Kilns
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Source: China Cement Association.

3.2 The Role of Government

Theg o v e r ninflaemde 6nsretail coal prices is one of the most important determioiant
coalend uses in China. Figureg3hows the historical development of average mine mouth
sales price of coal produced by key stamnedenterprises in China over time.

Figure 3-6: Average Mine Mouth Sale Price for Coal Produced by Key SOEs in China
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During the transition from the planned economy, the regulation of coal prices in China
underwent several majochanges, described below (for a comprehensive discussion of the
evolution of Chinads regulation of the coal m

Singletrack pricing period (1949 1985) At the inception of the PRC, commodity pricing in

China was dominated by the theory promoted by the former Soviet Union. According to this
approach, part of valsedded income in heavgdustriesshould beealizedin the light industry

or other production sectors, so prices of raw materials includingvewalset at arbitrarily low

levels. Although coal production costs in China increased over time, coalywecesnly

adjusted marginally several times between 1949 and 1984, as a result, the Chinese coal mining
industry ran deficit during most of thigpod.

Dual-track pricing period (1985 2002) After the Chinese economy entered a period of rapid
development around 1985, energy demand in the country increased rapidly. To meet the surging
coal demand, Beijing had to encourage the developmeamaif coal mines and to deregulate

prices for coal produced by TVE mines. In addition, stateed mines were allowed to sale

their abovequote output at market prices. Since 1993, the Chinese government has gradually
deregulated coal retail pricesinsnd6 s ect or s. Nevertheless, it s
for thermal coal consumed by power plants between 1994 and 2001. Disiperibd, average

coal retail prices increased from 26.05 yuan/t in51@8167.81 yuan/t in 2002.

Marketorientedpricing period (2002 present) Following the Southeast Asia Financial Crisis,
energy demand in China surged and coal prices rebounded. In 2002, the Chinese government
abolished the Asupervised ther mal ctleedghermgr i ces
coal contract negotiation for utility use, the state still issued reference coal prices at the Annual
Coal Trade Fair. Nevertheless, du¢hteimmaturity of the Chinese coal market, thermal coal
contract prices in 2002 and 2003 could be amhetlonly with extensive state intervention. In
August 2004, the former State Development Planning Commission had to temporarily intervene
in prices of thermal coal for utility use in Henan, Anhui, Shandong, ShamXiShaanxi.
Nevertheless, China stéincounterea@ serious coal and power shortageoughouthe country.

To lower financial pressure of the power sector caused by spiking coal prices, the Chinese
government issued the Cedalectricity Price Linkage Mechanism in the same ydawas

infrequently used in subsequent years due to political pressure to keep power pricda low)

2006, the NDRC finally allowed prices of thermal coal for utility tesbefully subject to

market pricingthough numerous attempts to cap prices occurred injleses) According to

the GuidelinesRegarding Improving the Linkagemongst Coal Production, Transpand
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Demandissued by the NDRC on December 14, 2009, thermal coal contracts of power plants
should be directly negotiated between coal enterpriseatditiés, without state interventign
thusmarkingthe complete deregulation cbal pricing at the central government level.

3.3 Reference Trajectory of Power Generation Capacity

Several key trends are likely to drive investment patterns in the Chinese geni@ going

foroward. Gi ven t he Chinese government s emphasis o
control (e.g. SO, emissions) during theélth FYP period and the preference for domestically

made equipment, capacity lafge scale supercritical andltra-supercritical (USC) power plants
hasexpanded rapidly in Chinalhis trend is likely to continueDuring thel2thFYP period,

energy conservation and air pollution regulatibase beemontinuously tightened, arad17%

GHG emissions intensityeductiontargetwasalsointroduced. As a result, lower carbon fuels

including renewables (especially wind), nucleard natural gas are planned to grow

substantially in the comghdecades, as shown in Tal33.
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Table 3-3: Demand and Governmental Targets for the Chinese Electricity Industry

Category 2005 2010 2015 2020 2025 2030
GDP (trillion 2005 yuan) 18.5 31.4 45.9 64.4 88.7 118.1
GDP Growth Rate (%) 112 7.9 7.0 6.6 5.9

Power

Demand Power Consumption (GWh) 2,494 4,192 6,019 8,054 10,605 13,572

Forecast*
Power Consumption Growth (%) 10.9 7.5 6.0 5.7 5.1
Electricity to GDP Elasticity 0.98 0.95 0.86 0.86 0.86

Hydro Target Renewables Plan (2007) 117 190 300

(Gw) 12thFive Year Plan** 300

Nuclear 20052020 Nuclear Plan (2007) 6.85 12.528 24.968 44,968

Target (GW) | 12thFive Year Plan** ' 50

Wind Target Renewables Plan (2007) 1266 5 30

(Gw) 12thFive Year Plan** ' 90

Biomass Renewables Plan (2007) 4 24

Target (GW) : 2

arg 12thFive Year Plan** N/A
Solar Target Renewables Plan (2007) 0.07 0.3 1.8
Gw) 12thFive Year Plan** 5.0

Note: Cells with grey background indicate either forecast or planned government targets.

*. GDP growth rates between 2010 and 2030 are based on L{2040) Growth rates of power consumption

levels by 2020 are based on forecast by the China Electricity Council. Electricity to GDP elasticity after 2020 is set
as the same value of the previous FYP period.

**. Preliminarytargets revealed by Chinese governmental officials during various conferences and media interview.

Source: China Electricity CoundiCEC), NDRC, and Development Research Center of the State Council.

In this study, the reference scenario of the Chipeseer sector by 2030 was simulated by the
CIMS-China model? which was first developed by the author between 2001 and 2004 to

| ev,armt e Chi
Ch i n a Gunptpoprogctiondndolable3

explore the policy
climate change challengéBu et al. 2007)

opt.i

i's used as the basel:]
period have also been incorporated.

18 CIMS is an energyeconomy simulation model developed by the Energy and Materials Research Group at Simon

ne

ons t o

nput

a

Fraser Universityplease refer to http://wwwnerg.sfu.ca/OwResearch/PoliciModelling.
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Based on the updaté ihe CIMSChinamodel;” Figure 37 presents the reference forecast on

generation capacity mixture in the Chinese eleityrindustry by 2030. In 2010nstalled

capacity of the Chinese electricity industry via@T W. To meet Chinads sur
demand, installed power capacity in China is expected to increase @peutent annually,

exceeding 3 TW in 2030.

Figure 3-7: ReferenceProjection for China Eledricity Generation Capacity Mix 2030
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Note: Only gridconnected Greenfield power plants are included in the assessment. Source: 2010 capacity is based

on data from China Electricity Council.

Among all the generation technologi@snd poweris expected to show the strongest growth
percentage terspat 16 percent annually during the study period. In comparison, installed
capacity of coafired units is expeted to expand moderateBt about Spercent annually to meet
rising domestic demand and build a sufficient reserve mardghre coming decades.

Despite the Fukushima Daiichi cristiegnuclears har e i n Chinads el ectric
expected to increase over time due to strong support by the Chinese government. As a result, its

" For more detail, please refer toHataille, C., J. Tu, and M.Jaccard (2008Permit sellers, permit buyers: China
andCanadarole in a global lowcarbon societyClimate Policy2008:93-107, and 2) Tuand et al. (200 The
Application of a Hybrid EnerggeconomyModel to a Key Developing CountiyChing Energy for Sustainable
Development, XI(1)35-47.

22 July 2011 34 PESD WP#103



share in total installed capacityeéxpected to incase from about 1 percent in 20tbhear 5
percent in 2030.

Natural gadired generation is projected tacreaseduring the study periooh orderto 1)

alleviate air pollution in the urbarentersand 2) meet peak load demarithe expectedyas
consumption growth is expected to be met with 1) pipeline gas imports from central Asia and
Russia; 2) LNG imports in coastal China; and 3) exploration and development of domestic gas
resources including unconventional plays.

In comparisonat the beginning of thelthF YP per i od, Chinabds installe
at about 10 GW was planned to be gradually phased out due to rising oil prices. Nevertheless, to
meet energy intensity targets set by the central governments, respimtweg supply has

become a widespread practice at local governmentbgvtle end of 2010As a resultdieset

fired engines have been installed across the country. If such practice continues in the future, oil

fired power generation is expected to ntain a marginal but still important role in China.

Figure 3-8: Coal Consumption and Efficiency Trend in the Chinese Power Industry

gce/kWh . . . Gt
350 - =@ Coal Consumption per Unit Power Generation (gce/kWh) 40
Coal Consumption for Power Generation (Gt)

330 A - 3.0

310 - - 2.0

290 A - 1.0

270 T T T T

2010 2015 2020 2025 2030

Note: This figure indicates that it is difficfludded o r e:
on the |l eft axis represents figrams coal equivalento.

Due to the rapid capacity addition of advancedlunits such as supercriticahd ultra
supercritical power plants to Chinads ther mal
power generation in China was simulated to fall from 335 gce/kWh in 2010 to 288 gce/kWh in
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2030, the equivalent of about a 14 percent gain in efficianityn two decadesNevertheless,

the expected energy efficiency improvements alone are insufficient to retard rapid growth on

coal consumption in the Chinese power sector. Figi@sl3ows that national coal consumption

for power generation in Chinaéxpected to grow by more thdrpercent annually, reaching 3.6
Gtin2030 whi ch suggests t ha willlifiiculat@capbeloavthe onal co
reference trajectory defined in Figure’ 2

Neverthelesshe aforementioned forecast on toansumption is highly sensitive to
assumptiosaboutChi nadés GDP growth rate in the coming
growth trajectory can lead tosignificant dropof thermal coal consumption for power

production, amapidly growingChinese ecasmy will imply faster power demand growth, and

thus faster coal demand growth (allowing for some gains in the efficiency of converting coal to
electricity). Finally, resource constraints are consideémetdeone important factor underlying
powergeneratio technology composition in the Chinese electricity industry. For instance, gas

fired power capacity in China by 2080uldbe significantly lower than the reference trajectory

if access t@as resources is impeded by either political or technologixsihcls in China

4. Coal Transport

Rail, waterway (including inland waterway and coastal marine transpad)road are the three
major transport modes to move coalChina Thecharacteristics of coal resource distribution
andthelong distancdetwee n C h i n acakprodmang andoalconsumingecenterdictate
that coal must be moved from west to east and from north to south.

Railway is by far the most important coal transport mode in China. The volume of coal and coal
products moved by rail increased from 629 Mt in 1990 to 1,327 Mt in 2009, when it accounted
for 48 percent of total cargo tonnagauledby rail and 44 percemtf national coal production.

Water transport, especially coastal shipping from north to south, is the second largest coal
transport mode Coal throughput hascreased rapidly from 78 Mt in 1990 to 949 Mt in 2@Q29

major coastal ports and from 63 Mtif890 to 374 Mt in 2009 at major inland poftéOTC

various years, NBS various yedrs In comparison, road transport has remained a supplement
mode for moving coal within Chinaince it is use primarily for local distribution of coal.

Since 1985, coal production in China has increased by 250 percent, réa2diGyin 2010. In
comparison, growth of coal transport by rail lags far bettieshational coal supply spike.
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During the same period, coal transport by rail increasdyglby 156 percent. As a result of the
severe bottleneck of the railway infrastructure, only 43.5 percent of national coal output was
transported by rail in 2009, a sharp decline from the sinalay at 59.4 percent in 1985 and

65.1 percent in 1978. In comparison, since 1985, coal and coal products transported by major
coastal porteind major inland portsave increased by néail9-fold and more than tiold,
respectively(MOTC various years, NBS various yedus Not surprisinglyrailway is so far the
main constraint of coal transport in China

To meet growing demand for traffic such as coal arising from the rapid booming ecaghemy
Ministry of Transportation and Communications (MOTC) promulgated itleFive Year
Development Plan for Road and Water Transportatidd®06 The planseeks to 1) increase

total distance of highways by 37 percent, reaching 2.3 million km in, 208(®) increase total

length of highways in county and villages by 32 percent, reaching 1.8 million km in 2010. The
above expansion is especially beneficial for small TVE mines, whigiheavily on road to

truck their coal to end users due to lack ofessato national railway netwo(kFRC 2007.

Though the bottleneck of road infrastructure is expected to be eased over time, coal transport by
road is likely to be increasingly constrained by costs and environnoemzérnge.g, dust

emissions and air pollutant discharge of trucks).

4.1 Major Coal Transport Corridors in China

The 3Xi'®region including Shanxi, Shaangind west I nner Mongolia is
producing regionTogether with east Ningxidhe 3Xi regionsupplesmo st of ©fhi nads ¢
province coal transport volunfeoal that is exported outside of the province it is produced in)

Given the majority of GCXregom &t maa ecohsumingesntersi r c € S

in the distant coastal regiongd key coal transport corridors exist in China to move coal from

3-Xi region and east Ningxia to east and southeast China.

As illustrated in Figure 4, these two corridors include 1) the west to east coal transport corridor
and 2) the north to south coal transport corridor. Coal between north and south China accounts
for 75 percent of national coal transport tonréag@é which53.5 percent of coal moves from

north to south and 21.3 percent of coal moves along the south to north direction. The remaining

B%i in Chinese stands for fAwesto.
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25 percent of Chinads total <coal t rdaohwhighor t
21 percent movewest to east ahonly 4 percent from east to wéBuan 2007.

Railway transport in the-Xi region can be further divided into three interconnected routes: 1)
the north route includes Fet8haDa line, DaQin line, ShueHuang line, Jingruan line, and Ji
Tong line and primarily transports coal produced in Datong, Pingshuo, Zhungeer, Hebaopian,
Shenfu, Dongsheng, Wuda, and Haitam; 2) he central route includes Shai line, HanChang
line, and TaiJiao line and primarily transports coking coal and asitegroduced in Xishan,
Yangquan, Jinzhong, and Lvliang and other
and 3) the south route includes South T&gline, LongHai line, and HotYue line. In

addition, this route also transports small amouhtsal produced in Shaanxi through-Kan

line and XiangYu line.

Figure 4-1: Major Coal Transport Routes in China
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Source(Sagawa et al. 2003MOR (20083, and interviews with Chinese academia and officials in 2009.
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4.1.1 Westto East Corridor

Table 41 details coal throughput at major rail lines in the thvestto east coal transport routes

in the 3Xi region and east Ningxia. Since 2004, coal hauled by the north route increased by 83
percent, reaching 564 Mt in 2009. While the north route accounted for about 65 percent of coal
throughput handled by thweestto eastcoal transport corridobaginis the most important coal

rail transport route in China. Neverthelesbpttleneck of railway infrastructure has long

existel for this routeespecially aftecoal demand in the coastal provinsgskedin the past

decade. In comparison, the remaining two routes together accountedlyf85 percent of total

coal throughput at the west to east corridor, thus the bottleneck of railway infrastructure has been
an even more acute issue for these two routestackle with the infrastructure challenge, on
December 22, 2009, the construction of a dedicated coal railway between Xinxian in Central
South Shanxi and Rizhao port in Shandong officially started. The 1,260 km rail line will provide
coal mines in aatral south Shanxi an additional 200 Mt/annum transport capacity once the rail

line is completed in 2012.

Table 4-1: Coal Throughput at the Three Coal Transport Routes (Unit: Mt)

Transport Route / Line Start End 2004 2005 2006 2007 2008 2009
North Route 309 351 427 522 565 564
DaQin Line Datong Qinhuangdao 153 203 250 304 340 330
Shuo-Huang Line Sherchinan Huanghua 75 94 112 133 135 149
Jing-Yuan Line Beijing Yuanping 18 11 17 22 20 20
Ji-Tong Line Jininnan Tongliao 13 14 5 10 20 15
FengShaDa Line Fengtai Datong 50 30 42 53 50 50
Mid dle Route 67 72 76 70 76* 98*
ShiTai Line Shijiazhuang Taiyuan 61 67 69 62 68 90
Han-Chang Line Handan Changzhibei 6 5 7 8 8* 8*
South Route 89 109 175* 190* 210* 210*
Tai-Jiao Line Xiuwen Jiaozuobei 43 40 50 50 70 70
Hou-Yue Line Houma Yueshan 24 52 105 120 120 120
Xi-Zheng of LongHai Xi 6an Zhengzhou 13 9 11 11* 11* 11*
Xi-Kang Line Xi 0 Ankang 4 5 5* 5* 5* 5*
Ning-Xi Line Xi 0 Nanjing 5 4 4* 4* 4* 4*
Total 465 532 678* 782* 851* 872*

*: Estimated numbers. Starting from September 2010;Etzang line was under construction to expand its

capacity. Source: Various industrial sources.

9 Basedon Shanxi Daily, December 23, 2009.
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4.1.2 North to South Corridors

Integrated ratwaterway transport is the primanyodeto transfer coal from the-Ri region and

east Ningxia to east and southeast Chileesoc al | ed fANort hern Seveno (
primary linkage between rail linésaveling thewestto east coal transport corridor atite north

to south coastal mare transport corridor. According to tiNational Coastal Ports Layout Plan
promulgated by the MOT in 2006, the national marine coal transport network primarily

consists of N7 ports for coal delivery and dedicated ports owned by utilities and pubpoxtsal

of discharge in east and southeast China.

Figure4-22 Chi nads Major Coast al Ports and Mar

Source: MOTC, CNCA, CCTD, and SXCOAL.
Figure 42 shows that the N7 ports include 1) Qinhuangdao Port in Hebei; 2) fmgtdebei;
3) Tianjin Port in Tiafin; 4) Huanghua in Hebei; 5) Qingdao in Shandong; 6) Rizhao in
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